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THE BRITISH FOOD FAIR 

PROMOTED BY THE 

FOOD MANUFACTURERS FEDERATyON 

INCORPORATED 

OLYMPIA, LONDON, W. AUGUST 29th - SEPTEMBER 9th 1950 


The British Food Fair will be the first 
exhibition to be held under the authority of 
the Food Manufacturers’ Federation It will 
occupy the Grand Hall, Grand Hall Gallery, 
and Annexe of Olympia 

The scope of the Fair will Include all aspects 
of British food preparation and manufacture 

Primarily, it will be an event to attract, 
inform and interest the general public It 
will be a trade event at the same time but 
its main emphasis will be laid upon the 
interest of the consumer 

Presentation will be bold and spectacular 
Publicity will be widespread and powerful 
The needs of Exhibitors will be efficiently 
served 



EXHIBITION COMMITTEE 

Mr Frederick Monkhouse, 

(Chilrm»n) : 

Meisrs Rex Cooper , A R Pegler 
Lauchlan Rose , Frank Shires 


Application for Prospectus and 
all communications concerning 
the Fair should be addressed to - 

GEORGE H GRIMALDI 
GENERAL ORGANISER 
THE BRITISH FOOD FAIR 
57, CATHERINE PLACE 
LONDON, SWl 
TELEPHONE— 3 LINES 
VICTORIA 3674 5 6 


The prospectus is now ready and is obtainable 
on application 



gasket All exposed intenor wood surfaces 
are heavily parafBn coated We can now 
supply two models the ‘Stnp’ cabinet 
(8 m X 8 m x 18 m inside dim ) and our 
‘Two-Way’ cabmet as illustrated, which 
wiU accommodate filter paper squares up to 
30 m X 30 m Both cabmets are supphed 
complete with glass rods, solvent trough and 
paper weight Humidilymg solvent is either 
kept m beakers or m a stainless steel tray 
which IS available as an extra 

AUTOMATIC 
FRACTION COLLECTORS 

We are now buildmg automatic fraction 
collectors to special orders but are anxious 
to standardise our designs Therefore, if you 
should require a fraction collector either 
now or at a later date, please let us know 
the number and the maximum volume of 
fractions you would wish to collect 




EQUIPMENT FOR 

CHROMATOGRAPHY 

are pleased to announce that we have commenced 
the regidar manufacture of chromatographic equip- 
ment and can now accept orders for the early delivery 
of the following instruments 

ELECTROLYTIC DESALTER 

This apparatus is mdispensable for the removal of the 
morgamc salts commonly present m protem hydro- 
lysates and IS especially smtable also for use with blood 
ultrafiltrates and non-protem fractions of tissue flmds, 
pnor to paper chromatographic analysis Durmg the 
desaltmg process acidic and basic, as well as neutral, 
ammo-acids are retamed m the solutions Wholly 
neutral orgamc compounds are also retamed except for 
traces lost by passive difiusion 

CABINETS FOR FILTER PAPER 
CHROMATOGRAPHY 

Our cabmets have all the features necessary for ease of 
operation and uniform results They are provided with 
large glass wmdows on all sides and are closed by a 
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Complete Culture 
Media 

IN TWO ENTIRELY NEW FORMS* 

* TABLETS * GRANULES 

— for preparation of single — for larger scale prepara- 
tubes and small quantities tions Hard and of even size, 
of media Each tablet when the granules are less hygro- 
dissolved m water produces scopic and easier to handle 
a convement quantity than spray - dried powder 

Both tablets and granules retain all the properties of the original 
medium, from which they are mdistmgmshable when reconstituted. 

ADVANTAGES ARE APPARENT— 

Big time-savmg m preparation • No speciahsed eqmpment needed 
Vanabihty reduced to mmimum • Easily portable for field work 
Results reproducible from one laboratory to another when using 
media from central source • Economical, as only sufficient for 
immediate requirements need be used 



THE FOLLOWING ARE AMONG THE MEDIA AVAILABLE 
AT TABLETS AND GRANULES 
Nutnent Broth • Nutrient Agar • McConkey Broth 
McConkey Agar • Peptone Water • Glucose Peptone Broth 
Glucose Peptone Agar • Agar-Agar 



0 X 0 LIMITED (Medical Dept ) 

Thames House, Queen St. Place, London, E C 4 Te/ CENtral 9781 




THE BIOCHEMICAL JOURNAL 



LONDON 

CAMBRIDGE UNIVERSITY PRESS 

BENTLEY HOUSE, NW 1 

Agents for U SA. 

THE UNIVERSITY OF CHICAaO PRESS 
CANADA AND INDIA MACMILLAN 

All rights reserved 


SUGGESTIONS TO AUTHORS 

Papers submitted for publication in the Bwchemical Journal should be written concisely 
Special attention is directed to the sections below concerning the preparation of the type- 
script Strict observance of these requirements will shorten the interval between the receipt 
of a paper and its publication Typescripts which are not concise or which do not conform 
to the conventions of the Bwchemical Journal will be returned to authors for revision 


Communications Papers submitted for publication 
should be sent to Prof. E J King {Biochemical Journal), 
Postgraduate Medical School, Ducane Road, London, W 12 
Co mmuni nations respecting the purchase of reprmta should 
be addressed to the Umveraity Ress, Cambndge 

GeneraL Submission of a paper to the Editorial Board 
wiU be held to imply that it presents the results of ongmal 
research not previously published, that it is not under 
consideration for pubhcation elsewhere, and that if accepted 
for the BiochemiM Journal it will not be published other 
wise in the same form, either m Eimlish or in any other 
language, without the consent of the Editonal Board 

Contributors who reside outside Great Bntam are re 
quested to nominate somebody m Great Bntam who is 
willing to correct the proofe of their papers Papers from 
such oontnbutors should be acoompamM by a statement 
of the number of reprmts required 

Unless confusion would otherwise arise, oontnbutors’ 
names should appear as initials (but female authors may 
use one given name m full) and surnames only, without 
titles or suffixes The name and address of the laboratory 
where the work was performed should be given. Any 
necessary descnptive material regarding the author, e g 
Beit Memorial Fellow, should appear m brackets after the 
author’s name, or at the end of the paper, and not m the 
form of a footnote 

Typesonpts should carry an mdioation of the name and 
addr^ of the person to whom the proof of the paper is to be 
sent, and should give also a shortened version of the paper a 
title, not exoeedmg forty five letters and spaces m length, 
suitable for a running title m the published pages of the work. 

Form of Papers Sabmltted for Publication. The 
onus of preparing a paper m a form smtable for sending to 
press hes m the first place with the author Authors should 
consult a current issue m order to make themselves famiUar 
with the Biochemical Journal's practice concemmg typo 


graphical conventions, use of cross headmgs, lay-out of 
tables, citation of references, etc The need for editorial 
revision of badly prepared typescnpt wdl lead to delay m 
pubhcation for which the Editors cannot accept responsi 
Dihty Papers on specialized subjects should be presented 
so that thw are mteUigible to the ordinary reader of the 
Journal Sufficient information should be included to 
permit repetition of the experimental work. 

Papers mtended for pubhcation should be m double 
spac^ typing on sheets of uniform size with wide margins 
Top copies only should be submitted The iiaper should be 
written m Eng liah It should be divided clearly mto parts 
(o) Introduction, containing the reasons for pubhcation of 
the work, (6) Experimental methods with chemical papers 
the experimental part will normally appear towards the end, 
but otherwise should follow the mtroduotion, (c) Results 
these should be given concisely, tables or figures are often 
the best form, but the use of both to illustrate the same data 
wdl only rarely be permitted, illustrative protocols only 
should be mcluded, (d) Discussion it is desirable that the 
presentation of the results and the discussion of their 
significance should be considered separately, (e) Summary 
a summary, about 3 % of the length of the paper, should be 
mcluded, the paragrapbs of the summary ^ould be 
numbered, (/) Acknowledgements, {g) References 

References These should be given m the text thus 
Barnett & Robinson (1942), (Culbertson & Thomas, 1933), 
where a paper to be cited has more than two authors, the 
names of aU the authors should be given when reference is 
first made, eg (Osborne, Mendel & Ferry, 1919), sub 
sequent citations should appear thus (Osborne et aL 1919) 
Where more than one paper by the same authors has 
appeared m one year the reference should be given as 
follows Osborne & Mendel (1914o), Osborne & Mendel 
(19146), or Osborne & Mendel (1914a, 6), (Osborne & 
Mendel, 1914a, 1916, Barnett & Robinson, 1942) 
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At the end of the paper references should he given in 
alphabetical order according to the name of the first author 
of the pubhoation quoted, and should mclude the authors’ 
imtials, but not the title of the paper Titles of journals 
should be abbreviated m accordance with the system used 
m the TForld IaU of Sctenlific Penodtcah (1936, 2nd ed , 
Oxford Umversity fVess) Examples of such abbreviations 
will be found m the current numbers of the Biochem%cal 
J ournal and a useful list has been published m the J oumal 
of Physiology (1946, 104, 232) References to books and 
monographs should mclude the town of publication and 
the name of the publisher, as well as the date of pubhcation 
and the number of the edition to which reference is made 
Thus 

Barnett, J W & Robmson, E A (1942) Btochem J 36, 
364 

Culbertson, C C A Thomas, B H (1933) Bep Agrtc Res 
loioaSt Con 82 

Doisy, E A., Somogyi, M & Shaffer, P A. (1923) J btol 
Ohem 66, Proc x t t i 

Eamley, N H (1938) Nature, Bond , 142, 1166 
Hennessy, D J (1941) Induslr Engng Ohem (Anal ed ), 
13, 216 

King, H (1941) J chem Soc p 338 
Osborne, T B & Mendel, L B (1914a) J btol Chem 17, 
326 

Osborne, T B & Mendel, L B (19146) J btol Chem 18,1 
Osborne, T B & Mendel, L B (1916) Btochem J 10, 634 
Osborne, T B , Mendel, L B & Ferry, E L (1919) J btol 
Ohem 37,233 

Starling, E H (1916) Principles of Human Physiology, 
2nd ed. London Churchill 

Statistical Treatment of Data In general it is 
not necessary to pubhsh the mdividual results of a number 
of s imil ar experiments A statement of the number of 
mdividual results, their mean value, the standard error of 
the mean, and the extreme range of values is usually sufllcient 
Alternatively, it is often better, if possible, to mclude a bnef 
fiequenoy distnbution 

A statement that a significant difference exists between 
the mean (or other) values of two groups of data should be 
accompamed by the probabdity derived from the test of 
significance apphed 

Illustrations Illustrations, which should be approx! 
mately twice the size of the finished block, should each be 
on a separate sheet trimmed to the smallest area and packed 
flat, they should bear the author’s name and the title of the 
paper on the back Diagrams should be m Indian ink and 
should be drawn on plam white paper, Bnstol board or 
famtly blue hned paper Curves based on experimental data 
should carry clear mdications of the experimentally deter 
mmed pomts Letters, numbers, etc , should be written 
lightly m pencil Legends and captions should be typed on 
a separate sheet firom the illustrations and number^ corre 
spondmgly Figures should be comprehensible without 
reference to the text 

Unsuitable figures wiU be redrawn by the Press and the 
expense charged to the author 

Tables Tables should carry headings descnbmg their 
content and should be comprehensible without reference 
to the text The dimensions of the data, egg /lOO ml , 
should be given at the top of each column, and not repeated 
on each Ime of the table Tables should be typed on separate 
sheets and their approximate position m the text should be 
mdicated 


Chemical Formulae These should bo written as far as 
possible on a smgle horizontal Ime With morgamc sub 
stances and CHCl,, CCI4 and CS,, formulae may bo used m 
the text as abbreviations, particularly m the experimental 
portion, at the discretion of the editors AVith salts it must 
be stated whether or not the anhydrous material is used, 
e g anhydrous CuSO^ , or which of the different crystaUme 
forms IS mdicated, e g 

CuSO, 6H,0, CUSO4 H,0 

Descrlptlonof Solutions Solutionsof commonacidsand 
bases should always be expressed m terms of normahty (^), 
and salts preferably m terms of molanty (m), e g ^ HCl, 
0 1 M NaH,P04 Fractional concentrations should pre 
ferably be expressed m the decimal system, eg 0 26^ HCl 
(not n/ 4 HCl) The term ’%’ must be used m its correct 
sense,ie g/lOOg ofsolution For’percentby volnmo’,i e 
ml /100 ml, the term ‘%(v/v)’ may be employed To 
mdicnte that a given weight of substance is contamed m 
100 mL of solution, the term ‘ % (w/v) ’ (weight per volume) 
may be used 

Symbols and Abbreviations Authors should refer to 
current numbers of the BtochemtcalJ ournal for information 
m this connexion With a few exceptions the symbols and 
abbreviations are those adopted by a comnuttee of the 
Chemical, Faraday and Physical Societies m 1937 (see 
J chem Soc 1944, p 717) The chemical nomenclature 
adopted is that given m Principles of Abstracting (1948, 
London Bureau of Abstracts) Sluch further information 
IS given bj Jbtchell m British Chemical Nomendalure (1948, 
London Arnold) Spcctrophotometnc terms and symbols 
are those proposed by the Society of Pubhc Analysts and 
other Analytical Chemists (see Analyst, 1942, 67, 164) 
The attention of authors is particularly drawn to the 
followmg symbols m = (milli) = KF’ and p = (imoro) = 10“* 
Note also that mL (millilitres) should be employed instead 
of 0 c , and pg (micrograms) mstead of y 

Nomenclature of Micro-organisms Bmormnal Latm 
names of micro organisms, the genenc name only with a 
capital, must be used m accordance with the International 
Rules of Nomenclature Bmommals should be underlmed 
once (for lialtc) m the typesonpt A name must be given m 
full at the first mention m a paper, m subsequent mention 
the generic name may be abbreviated, but the abbreviation 
must be unambiguous Smgle mitial letter abbreviations 
should, m general, be avoided (thus Staph aureus, Strep 
pyogenes not S aureus, S pyogenes) Scientific epithets or 
trivial names are not underlmed and should be without 
capitals 

Microfimgi should be designated asm Ainsworth A Bisby’s 
A Dictionary of the Fungi (1946, 2nd ed , Kew Imperial 
Mycologicol Institute) 

Bacteria The Editorial Board prefers that the nomen 
olature of Bergej’s Manual of Determinative Bacteriology 
(1948, 6th ed , London Badhbre, TmdaU A Cox) should be 
followed Where authors wish, for good reasons, to use 
a name other than that m Bergey’s Manual, the name as m 
Beigey’s Manual should be inserted m brackets at the first 
full citation, thus Chromobacterium prodigiosum (Serratia 
marcescens) 

Reprints IVhero at least one authorof apaper is a member 
of the Biochemical Society, twenty five reprmts are sup 
phed free of cost If the supply of paper permits, an author 
may purchase additional reprmts if he notifies the Press on 
the appropriate form immediately the proof of the paper is 
received, but only m exceptional circumstances will more 
than a total of 176 additional reprmts be supplied 
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AND A IMETHOD OF BIOASSAY 
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The potato eelworm, Heteroderarostocliicnsis'WoW.&a. 
weber (Figs 1 and 4), is a stram or subspecies of the 
smaUnematode.S' ficAacTihi.anduntil comparatively 
recently was generally described under the latter 
name Eelworms parasitize a variety of econormcaUj'’ 
important crops and are a serious menace to agn 
culture m many parts of the world The parasite wais 
first described by Schacht (1869), it was named 
H schachtii by Schmidt (1871), who recognized it as 
a prevalent pest on sugar beet m Germany In that 
country, after 1836 when sugar beet first became 
a farm crop, steadily mcreasmg production without 
any regard to rotation led to a vast moreaae m eel- 
worm infestation, with the result that between 1870 
and 1880 crop failures became fi^equent Only by 
suitable rotational oroppmg and mtensive cultiva 
tion could the pest be brought under control In 
England, Masses (1913) described the disease known 
as ‘potato sickness’, the symptoms bemg slow 
growth, spmdly stems and unhealthy fohage, and 
noted that it seemed to be associated with the 
presence of eelworms m the soil Increases m the 
disease and m eelworm population were rapid m the 
period of mtensive potato cultivation during the 
1914-18 war, and potato sickness has now become, 
m this country, one of the most serious and wide 
spreeid of potato diseases, havmg become even more 
prevalent durmg the recent world war It should, 
perhaps, be mentioned that the seventy of potato 
sickness may also be affected by unknown factors, 
as it cannot always be directly correlated with the 
population of potato eelworm cysts (cf Buokhurst 
& Fryer, 1930 , EUenby, 1942) 

Although H schachtii had been reported as 
attackmg, amongst other plants, beet, potatoes, oats 
and peas, it was observed that each stram became 
specialized to a single host emd lost its abihty to 
parasitize others With this specialization came small 
changes m morphology, so that a subdivision of 
H schachtii became necessary The potato stram, 
characterized by the almost spherical shape of the 
mature ej'sts (Fig 2) as distmot from the lemon 
* Present address UmverBity Chemical Laboratory, 
Pembroke Street, Cambndge 
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shaped cysts of the beet stram, was given the name 
H rosiocAtenats by WoUenweber (1923) 

The hfe history of H rostochiensis is weU known 
The larvae hatched from cysts m the soil enter the 
growmg potato plant after some 17 days by dnlhng 
a hole through the root wall There the worms are 
true parasites until they attam maturity, when the 
males escape mto the soil and the females remam 
attached to the roots by the head The body of the 
fertilized female swells to a white roundish cyst full 
of undeveloped eggs, gradually becomes brown and 
then contains several hundred fuUy formed larvae 
(Figs 6 and 6), and drops off mto the surrounding 
soil as a mature cyst The cysts he dormant m the 
sod imtd stimulated to hatch by the growmg of a new 
crop of potatoes They can remam dor man t but 
viable for several years, and mdeed cases have been 
reported where cysts were still m part viable after 
10 years The disastrous effect of contmued oroppmg 
on the same sod is thus readdy understood, as is the 
value of a rotational system with several years 
between successive potato crops 

The hatchmg of larvae from cysts of H rosto 
cfiiensis occurs m response to a specific stimulus due 
to a secretion from the roots of the host (Fig 7) 
This appears to have been first reahzed by Baunaoke 
(1922), m the absence of the stimulus the cysts 
remam dormant, and hardly any larvae hatch 
(Fig 3) Baunacketnedtheeffectofvanouschemical 
substances as hatchmg agents and claimed that 
feme chloride, potassium permanganate and 
bleaching powder had some effect O’Bnen & 
Prentice (1930) showed that potato eelworm cysts 
could be made to hatch vuth ‘potato root excretion’ 
but not with secretions from beet, rape, mustard or 
oats Tnffitt (1930) was thefirstworkertomvestigate 
‘liotato root excretion’ This author showed that it 
Was non-volatde and reasonably heat resistant, and 
tliat it retamed its activity for some time m sterde 
Water Later, Hurst (1936, 1937) attempted to 
isolate the hatchmg factor from leaohmgs of sod m 
which potatoes were growmg By evaporation and 
ethanol precipitation he obtamed powders which 
brought about hatchmg at a hrmtmg ddution of 
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1/600,000 On very scanty ovidenco he formed the 
opinion that the factor -was an anuno acid and stated 
that several ammo acids, m particular tjTosine, 
showed some activity 

The isolation and structural elucidation of the 
potato eelworm hatching factor are problems of con 
Biderable scientific mterest, but might also have \ orj 
important practical consequences for agriculture 
Much work has been devoted to the control of the 
pest, but no really satisfactorj’- means of eradication 
has been found Various chemicals have been used 
to treat the sod, of these, calcium cyonaraido and 
chloroacetate seem to have shown some promise, 
but are uneconomic More recently, dichloropro 
pene dichloropropane mixtures have been used to 
control, if not to eradicate, eelworm , such mixtures 
have been recommended m tins coimtry for the 
control of H manont m greenhouse plants (cf 
Ministry of Agriculture and Fisheries, 1947) 
Recently, EUenby (1946) has reported sntisfactor\ 
results m experiments m winch allyl isothiocynnate 
IS apphed to sod infested with eelworm, these 
findin gs, which parallel the earlier obser\ ations of 
Smedley (1939) with phenyl wotluocj'anate, may 
explam the low mcidence of eelworm attack on 
potatoes grown together with white mustard on 
infested sod (Morgan, 1926) The mam difficulty lies, 
of course, m the dormancy of the cj^sts, for untd the 
larvae emerge they are largely protected from attack 
by many chemical agents This bemg so, an obinous 
alternative would be to apply a hatclung factor to 
infected sod in the absence of potato or other plants 
capable of bemg parasitized by the eelwoims , the 
emergent larvae could be allowed to die m the 
absence of a suitable host, or alternatively, would be 
readdy open to attack by chemical agents The 
natural hatching factor might well prove too com 
plex for economic synthesis on the large scale needed 
if it were to be so used, but if its structure were known 
it might be hoped that some simpler related sub 
stance might have a sundar action and be more 
easily prepared 

The mvestigations described m the present paper 
were mitiated m 1939 at the London School of 
Hygiene and Tropical Medicme and at Wmches 
Farm, St Albans, where the production of material 
was first undertaken with the help of Miss M Ohver , 
they were transferred to the TJmversity of Man- 
chester at the begmnmg of 1941 and contmued there 
At the outset it was clear that the methods employed 
by Hurst (1936, 1937) on potato root excretion were 
too cumbrous Following a suggestion made by 
Prof R T Leiper, whose assistance m the early 
stages of the work is gratefully sicknowledged, it was 
decided to use the leachmgs from growmg tomato 
plants instead of potatoes, smee he had found that 
such leachmgs were lugldy active m hatclung potato 
eelworms, moreover, tomatoes have the added 
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ndi antage that thc\ are more con\ cmcntlj groini 
and handled m bulk indoors The method finnllj 
adopted for preparing crude solid concentrates of the 
hatching factor is described m detail lielov Plants 
ucro grown in sod in pots or traj's and watered 
froqiienth the leaclimgs lieing collected From the 
lenebings, ncti\ 0 material u ns ndsorlied on nctn nted 
chnrconl from which it wns eluted with aqueous 
acetone, c\aporation of the chiatc under reduced 
pressure gn\ 0 a browoiish solid show mg high nctn iti 
w hen tested on potato eolw onn c\ sts The nmoimts 
of material obtained were not \cr\ largo For 
example, continuous cultn ation of 4000-6000 plants 
Mcldcflm the course of 1 ^ ear some 27 g of the crude 
solid mentioned nbo\o, this solid had an a\erago 
Relatno ActlMt^ (ha) of C5 (see p 518) and 
probnblj contained less than 2 % of the factor itself 

EXPETiniEXTAL 

Isolafion of crude material containing hatching factor 

The propnrntion of hatching factor concentrates can be con 
vcnicntly divided mto four sections (1) leaching, (2) adsorp 
tion, (3) elution and (4) evaporation 

(1) Growing and haching of tomato plants As production 
of fruit was not required tho plants were kept quite small, 
constant over watenng had in any case a bad effect on their 
development Such expenmonts ns were earned out showed 
that tho most active IcachuigB were obtained when tho plants 
were 0-0 m high with vigorously growing roots It was thus 
necessary to keep a good supply of now plants coming along 
and to discard them after about 3 months, smeo by that time 
the yield of hatching factor had fallen off very markedly 
Old plants could be ‘reconditioned’ by cuttmg off tho tops 
and replantmg tho roots m fresh sod, but on tho whole it was 
found better to discard them and use now seedlings 

The plants were established under the usual conditions 
The Bcedlmgs were planted m 3 m pots contaming a smtablo 
tomato growing compost After about C weeks they were 
well dev eloped and leaching was begun To facihtate colleo 
tion of tho leachmgs the pots were kept on tables with slopmg 
tops made of asbestos sheeting or of boards covered with 
rubber ‘roofing felt’ Thetables were usually about 8 ft long 
with a slope of 3 m to one end, and some 4 ft 0 in wide with 
a slope of 3 m towards a central gutter to cany off the 
leachmgs to an enamelled contamer A table of this size field 
216 plants Watenng was earned out on alternate days using 
water at the same temperature as the greenhouse The space 
of about 1 m between the earth and the top of each pot was 
usually filled with water which was allowed to soak m and 
the process repeated once From 4000-6000 plants treated 
m this way, the yield of leachmgs was about 100 1 /day, 
givmg about 600 mg of crude active sohd when worked up 
ns desonbed below 

(2) Adsorption The leachmgs, which were light orange m 
colour and had pH about 0 6, were poured without filtration 
mto vessels contammg charcoal (Bntish Drug Houses Ltd , 
‘Activated Charcoal for Decolorizing Purposes’ was found 
most smtable), 1 g charcoal bemg used/L of leachmgs The 
charcoal gradually settled out on standmg, and after 1 day 
the supernatant hquid was siphoned off and discarded The 
charcoal adsorbate was collected on a Buchner funnel and 
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PLATE 4 



Fig 1 Stterodera rosiochiensu The potato eelivonn 
Magnification, x 130 



Fig 3 Cysts of the potato eelworm soaking m water, 
two worms have hatched Mngmfication, x 30 



Fig 2 Cysts of the potato eelworm 
Magnification, x30 



Fig 4 Potato eelworms hatched from 
cysts Magnification, x30 
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PLATE 5 



Fig C \ (liF-tcctod r\8t of tlio )>otnto iclworm, noU 
tlie imnintiirc Ii\r\ nt ftml a fc« tnatiia worniB .>tngm 
ficatiou, x30 
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fjg 0 linmatiiro lannc and part of n mntiirccchiomi 
Tlic tjpicnl coded form of tlic vorm in the Ian a can 
be discerned Mngnilention, x 130 



Fig 7 Cj sts of the potato coin orm soaking m a solution of lintching factor Tn enty worms ha% e hatched 

(of Fig 3) Magnification x30 
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eked ns drv ns possible Tlio loss of nctmty m this process 
IS probnbh nbout 10% Vnnous other ndsorbenta irero 
led nnd found mfenor to cbnrconl 

(3) EhtUon Tlio moist chnrconl ndsorbnto was generally 
Dllectcd nnd eluted m 1 6 kg batches by stirring with 8 1 
f aqueous nectono (70% acetone) in four lots Tho eluato 
-as pale yellow, tho charcoal recovered could not be used 
gam and was discarded 

(4) Etxtpowlion Tho filtered eluato was evaporated imdcr 
pressiue of 16 mm , tho temperature being kept below 30° 

ad the evaporation residue finally dried m n desiccator at 
oom temperature over The product was a light 

irown powder, readily soluble m water, nnd contamed some 
jO- 70% of the active matennl m the Icaclimgs It formed 
the startmg mntenal for all tho investigations hero desenbed 
Durmg the year 1940, before the concentration procedure 
had been standardized, a total of 76 g crude sohd of a\ erngo 
RA 1 was obtamed from plants grown at Wmches Farm, 
St Albans Dnnng 1941, 27 g sohd of average r a 6 6 was 
obtamed fiem tho same source, together with 9 6 g of 
average BA 8 2 from the Hawthomdale Laboratones of 
Impenal Chemical Industnes Ltd , stages (1) nnd (2) m the 
concentration were earned out at these places and the 
charcoal adsorbate was then worked up during 1940 m 
London and subsequently at Manchester 

Preliminary studies on the crude 
hatching factor 

The crude sohd obtained as above appeared to 
consist largely of a murture of salts (mamly calcium) 
of organic acids As a prehinmary to concentration 
studies, the stabihty of the factor at various pH 
values was esaruined The results obtamed are shovm 
in Table 1 It is etndent that the factor, although 
moderately stable at pH 1-7 (allowing for some 
latitude m the biological assay values), is extremely 
rapidly deactivated at pH values above 7, both at 
100° and at room temperature In practice, the 
active principle m the crude sohd firequently 
appeared to be much less stable than the values m 
Table 1 would suggest, activity bemg all too often 


Table 1 Stability of hatching factor in crude 
solid under varying pH conditions 


pH 

Half life at 100° 
(min ) 

Half life at 25' 
(hr) 

1 1 

6 

Very great 

1 8 

9 

ft 

2 7 

15 

r 

36 

16 

ft 

48 

8 

, 

68 

17 

»* 

68 

8 


8 1 

26 

1 6 

9 1 

1 6 

— 

10 4 

0 26 

0 16 

112 

0 25 

— 

12 1 

— 

00 


lost for no apparent reason Tins mstabihty, coupled 
vith the difficulty of accurate bioassay and the fact 
that the startmg material was difficult to obtam m 


other than very small quantity, has throughout 
seriously hampered chemical mvestigation 

As the active pnnciple appeared to be acidic, 
various attempts were made to effect purification 
by precipitation as a metafile salt These failed, 
the salts bemg umformly too soluble m ethanol 
and their preparation bemg accompanied as a 
rule by marked loss of activity wluch was not 
restored on acidification The factor was endently 
of low molecular weight, smee it diffused tlirough 
a collodion membrane, and no marked concentration 
was obtamed by electrodialysis The crude sohd 
gave no characteristic colour reactions, and, although 
it ga\ e a reaction with carbonyl reagents, the active 
principle itself did not seem to be ketomc, smee 
treatment of a solution with Brady’s reagent and 
removal of the small precipitate of 2 4 dmitro 
phenyUiydrazone had no marked effect on its 
activity 

BIOASbAY OF THE HATCHING FACTOR 

Before senous chemical mvestigation of the potato 
eelworm hatchmg factor could be undertaken it was 
necessary to devise a rehable bioassay method The 
literature revealed no method meetmg our require- 
ments, and comparatively httle was known of the 
factors mfluencmg the hatchmg of cysts The usual 
method employed was to place a number of soaked 
cysts m dishes (e g deep sohd watch glasses), add 
root excretion from potatoes and count the larvae 
produced Hatchmg was usually allowed to contmue 
for several weeks Tnffitt (1930) followed this pro 
cedure usmg, as anile, smgle dishes at 25° Fr ank l i n 
(1940) stressed the use of several dishes for each test 
in order to make possible a statistical examination 
of results, and drew attention to the unrehabdity of 
methods then available Gemmell (1940) criticized 
this techmque and preferred to study the hatchmg 
of smgle cjists TJsmg a method of bis own, in which 
about 100 smgle cysts are treated, he exammed cysts 
obtamed from different potato growmg areas and 
showed them to differ m their hatchabdity, although 
they were otherwise ahke In particular, he drew 
attention to the important fact that, although cysts 
may appear perfect and be full of embryonated eggs, 
on test a considerable number idways fail to hatch 
In GemmeU’s experiments hatchmg was allowed to 
contmue for some montJis 

For chemical testa, such methods as the above 
were too slow and unrehable It was, therefore, 
decided to carry out a senes of mvestigations aunmg 
at a quantitative method for testmg concentrates 
for hatchmg activity, which could be carried out m 
a few days at any tune of the year It seemed possible 
that this might be achieved, despite the seasonal 
variation m hatchabdity, reported by Tnffitt (1930), 
if attention were paid to source and pretreatment of 
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eelworm cysts ns well as to conditions of hatching 
The cysts used were obtained from two sources, 
sample A from eelworm infested soil m Hertfordshire 
and sample jS from similar sod m Chat Moss, 
Lancashire The preparation of hatchmg factor used 
throughout the esrpenments, and descnbed ns 
‘Standard Sohd’, was a sample of crude solid 
material obtamed m early experiments on tomato 
root excretion m wluch 6 g charcoal were used for 
each htre of leochuigs, and the aqueous acetone 
eluate was evaporated to dryness Several grains of 
tins product were set aside for use as a standard 
preparation, under suitable conditions it gave good 
hatches with viable cysts at ddutions from 1/20,000 
to 1/40,000 Sample A cysts were on the average 
smaller and hatched more rapidly than those m 
sample B, although the latter were qmte sati3factor3 
to work with, and were otherwise verj sirmlar to 
thoseofsampleAm behanour The specific objective 
of the experiments earned out was a simple test 
method, and not an exliaustive study of aU the 
important factors m cyst hatchmg 
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hatching Excluding cysts which failed to hatch at 
all, larval counts varied from 1 to 195, while the 
standard donation of individual results was con 
sidorably greater than the mean 

Sample B cysts These cysts were isolated bv the usual 
flotation method from soil obtained from Chat Moss, 
Lancashire, through the hindness of Dr I? Steirart and 
Dr V E Henderson of AInnehester Uni\ ersity Collection 
was made in August 1941, from a field m v hich potatoes were 
growing (tho fourth successn o crop), so that the cysts were 
probably at least a year old As they voned considerably m 
size, tho cysts voro graded into three groups by siovmg, 
approximate numbcrs/sack of sod being (1) held by 40 mesh 
sieve, 22,000, (2) held bj CO, passed by 40, mesh sieve, 
00,000, (3) held by 100, passed by 00, mesh sieve, 00,000 The 
cjsts obtained Mere stored at about 23° in a desiccator over 
saturated IC.CO3 solution giving a relative humidity of some 
60% The intermediate group (2) was selected for general 
use and is described ns sample B As the technique of sortmg 
pronously used was rather tedious, tho following method was 
adopted Tbo cysts irere placed in a dish of water, stirred 
thoroughly and left for 2 days, after which time those that 
floated were rejected Those which sank were sorted under 


Hatching of single cysts from Sample A 


Esp 2 

46 evsts treated with 1 ml Standard 
Solid, 1/20,000 m tap water, for 

iy 0 40 


Table 2 


Hatches 


Total hatch 

s D among individual results 
Alcan hatch 
s E of mean 
Hatclung no larvae (%) 
Hatchmg only 1 larva (%) 
s E of mean hatch on tho basis 
of a count of 80 cysts 


Exp 1 

46 cysts treated with 1 ml 
Standard Sohd, 1/40 000 in 
tap water, for 3 days at 24° 

11,8, 0,11, 10,9,27, 33, 1,10, 
0, 1, 0, 10, 3, 13, 0, 34, 7, 1 0, 
0, 0, 1, 0. 21, 0, 2, 0, 1, 7, 30 1, 
34,40,2 4,0,1,2,1,51,0 1,0 

400 

14 

9 

±2 1 
20 
20 
16 

( = 17% of mean hutch) 


13, 73, 03, 16, 0, 1, 0, 0, 0, 12, 38, 
1 1, 19 90 4, 23, 0, 24, 41, 21, 
40, 60, 24, 20 10, 13, 1, 04, 1, 74, 
26, 70, 0, 20, 195, 0, 1, 54, 0, 7, 34, 
32, 0, 6 

1203 

30 

27 

±6 

20 

13 

4 

( = 16 % of mean hutch) 


Sample A cysts The soil was supplied by the late Mr A. C 
AV MacDonald of Wmches Farm, St Albans, and was 
coUooted in the autumn so that most of tho cysts were 
probably young Tho cysts were isolated from the sod by 
a flotation method followed by rollmg off on a Bnstol board, 
as descnbed by Fenwick (1940), and were stored at room 
temperature in a closed jar AATien required for use, batches 
of cysts were soaked for 2-4 weeks m water at 24° and then 
sorted under a dissecting microscope by JIiss JI Obver 
Afiable cysts were selected by them appearance in conjunction 
with the results of dissections of small numbers of samples for 
this purpose, ond were kept in water at 24° untd used, except 
m experiments deabng with the effect of temperature of 
storage 

The hatchmg of smgle cysts was examined as descnbed by 
Gemmell (1940), and the results of two experiments are given 
in Table 2 

From these results it is evident that not 01651 did 
many appeirently normal C5fsts fail to hatch, but 
there were also great x ariations m the rate of 


a large lens m a strong hght, when viable cysts could be 
readily distmgnished by their uniform hght brown colour 
and resistance to pressure with a blunt glass needle The 
selected oj^ts were normally kept m water at 22° and used 
after about 3 weeks 


Table 3 Hatching of single cysts 
from sample B 


(26 cysts treated with 1 ml Standard Sohd, 1/30,000 m tap 
water, for 3 days at 23° ) 


Hotehes 


Total hatch 
s D 

Mean hatch 
Hatchmg no larva (%) 


3 0, 0, 16, 0, 7, 7, 7, 
0, 4, 4, 4, 49, 6, 17, 0, 
0, 0, 0, 0, 0, 43, 6, 4, 0 
174 
13 

7±2 6 
44 


On the basis of a count on 80 cysts, the s e of the mean 
roMd be 1 6, or ±21 % of the mean hatch 
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From Table 3 it is clear that the behaviour of 
sample B cj^sts is rather similar to that of sample A, 
and that the variable distribution of good and mert 
cysts among the dishes makes a high standard 
deviation mevitable 

It was noticed m the course of sorting the Chat 
Moss cysts that m the case of the smaller cysts 
(groups 2 and 3) approximately one third apjieared 
viable, whereas the proportion of good cysts m 
group 1 was much less and nearly 90 % were empty 
It IS of mterest to note that a quantity of soil ob 
tamed from the same field 8 months later (after the 
potato crop bad been harvested) was foimd to 
contain some 70 % more cysts/sack and there were 
vurtuaUy no large cysts present, the proportion of 
viable cysts was about the same as m sample B 
Earher workers (e g Tnflatt, 1930) have reported 
marked seasonal variation m ease of hatching To 
check this, a portion of sample B cysts was set aside 
over saturated potassium carbonate under the roof 
tiles during the autumn and wmter of 1941-2, when 
they were exposed to considerable variations m 
temperature, frost and snow being frequent At 
mtervals of about 1 month, samples were removed, 
sorted as above descnbed and the viable ones soaked 
for 3 weeks at 22° and tested for hatchabihty by 
mcubatmg m groups of 16 for 3 days at 23° with 1 ml 
of Standard Sohd solution (1/40,000) Simultaneous 
tests were made on samples from a second batch 
stored contmuoualy at 23° In both batches it was 
observed that cysts hatched fairly well (about 160 
larvae from 16 cysts) m August, but this gradually 
fell until, by the end of November, very low hatches 
(10-20 from 16 cysts) were obtamed Hatching 
remamed very difiicult throughout December and 
January, and began to improve agam thereafter 
Smoe it was shown by both batches of cysts, the 
variation m hatchabihty is evidently seasonal and 
not due simply to temperature of storage In later 
work on the eelworm hatching factor we have always 
observed this effect and, mdeed, great difficulty has 
been encountered m doing any rehable testing of 
concentrates durmg the wmter months 

In the above experiments, cysts were usually 
soaked m water for at least 3 weeks before a hatching 
test was made This practice was adopted as a result 
of experiments on the effect of soakmg on hatciung 
A batch of viable sample B cysts was placed m water, 
and samples were removed imd tested with Standard 


Sohd solution (1/30,000) from tune to tune The 
results are given m Table 4 The actual hatches are 
low as the experiment was made m January when 
cjfsts are rather difficult to batch, but the effect of 
soakmg is evident 


Effect of soaking cysts 


Table 4 

Penod of Boakmg 
(days) 

2 

8 

16 

18 

21 

23 


Mean hatch/dish 
of 20 cysts 
(3 days at 23°) 
0 
1 

12 

12 

71 

63 


The effect of temperature on hatching and on 
soakmg was exammed m other experiments In one 
of these, sample A cysts were kept at 24° for some 
weeks and then mcubated at various temperatures 
withStandardSohd (1/30,000) The results are shown 
m Table 6 In the experiment leading to the results 
m Table G, sample A cysts were sorted after 3 days 
soakmg, and batches were then kept soakmg for 
1 1 days at various temperatures before hatchmg m 
the usual manner Although these experiments are 
only very rough (them extension, although desirable, 
was rather beyond the scope of our present re 
searches), the importance of temperature emerges 
qmte clearly 


Table 6 Effect of temperature on hatching 

Temperature Mean hatoh/dish 

dnrmg hatching (16 cysts, 3 days) 


6 ° 2 

Room temp (about 16°) 16 

24° 608 

37° 7 


Table 6 Effect of temperature of soaking 


Temperature 
of Boaking 
6 ° 

Room temp (about 15°) 
24° 


Mean hatoh/dish 
(16 cysts, 

3 days at 24°) 

4 

270 

680 


For settmg up a rapid testmg method experiments 
were earned out to detenmne the tune required to 
give a smtable hatch and maximum reproducibfiity 
The results of a typical experiment are summarized 
m Table 7 


Table 7 Mean hatch per dish 
Mean hatch per dish 

, — , Standard Mean 

Diahno 1 2 3 4 6 6 7 8 9 10 11 12 13 14 16 16 deviation hatch 

Day 1 111 48 29 18 126 61 61 87 33 6 86 80 142 76 31 135 42 70+10-6 

2 239 230 160 70 316 236 261 341 260 75 265 276 325 315 146 350 86 233 + 21 

3 274 326 210 104 420 286 346 640 305 126 366 316 431 403 207 463 120 319+30 

4 340 263 206 119 416 287 300 662 333 162 386 377 425 366 227 670 127 332 ±32 
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Table 8 Calculation of standard error of means 
using different numbers of dishes 

Day Using 6 dishes of 16 cysts Using 4 dishes of 16 cysts 

1 17 1 or ±24% of hatch 21 or ± 30 % of hatch 

2 34 7 or ±16% „ , 42 6 or ±18% „ „ 

3 49 or ±15% „ „ 00 or ±19% „ 

4 62 or ±10% „ „ 03 5 or ±19% „ 

In this eypenment 16 dishes wore prepared eacli containing 
16 cysts (sample A) to Tvhich 1 ml Standard Solid solution 
Tvas added The dishes were mcuhated at 23° and counts 
made after 1, 2, 3 and 4 days Table 7 shoirs the hatches 
obtamed m each dish together with the standard donations 
of the means 

In Table 8 the results have been further sub 
divided to give standard deviations calculated for 
groups of siv or four dishes It will be seen that 
hatching had practically ceased by the third day and 
that the standard de\aation had fallen to a steady 
proportion, about 10 % for 10 dishes, by the second 
day With six or four dishes the standard denations 
were 15% or 18-19% Although it ivas convenient 
to use conditions where the number of larvae uere 
from 180 to 200/di8h, Table 3 shows that the standard 
errors of means were similar when the coimts were 
much lower From the results given it will be seen 
that with tliree to four dishes contammg a total of 
46-100 cysts standard deviations of about 20 % are 
to be expected General experience confirms this 
For the purpose of a reproducible test it is the number 
of cysts used that is important, and these should be 
distributed among tliree to four dishes Experiments 
showed that mcreasmg the volume of solution above 
1 ml had httle effect, and 1 ml was usually used 
with 16-30 cj'sts/disli 



Fig S Effect of hatching factor concentration 
on larval hatch 

A number of experiments was made on the effect 
of concentration of hatchmg factor on the hatc h i n g 
of cysts In eewh case it was found that the number 
of larvae hatched was proportional to the con 
centration of factor up to a certam concentration. 


1949 

above which the hatchmg decreased The rasult of 
one such experiment is shown graphically m Fig 8 
In the tostmg method vhich vas finally adopted 
(see below) tests were always carried out on the first 
part of the curve, vhore concentrations are below 
those ginng the maximum hatch, and it u ns assumed 
that the number of larvae which emerged was pro 
portional to tbo concentration of the factor It 
should, however, bo noted that, on account of the 
high standard deviations usuallj obtamed m pro 
portion to the means, the hatch is a rather crude 
measure, even whore a large number of dishes is used 
m each tost (cf Table 7 ) It has, nov^ertheless, sensed 
as the basis of the test method which ve have used 
tliroughout the work on the eelaorm hatclung 
factor described m this and succeedmg papers The 
testmg procedure is given m detail below 

Testing of materials for hatching activity 

The practice adopted has been to compare the 
activity of unknown materials mth a standard pre 
paration For this purpose a large sample of crude 
solid from tomato root leaclimgs was set aside at an 
early stage m the mvestigations This matennl was 
obtamed by ovaporatmg the eluate from a charcoal 
adsorbate prepared, usmg 6 g charcoal/1 ofleaclungs 
and IS the material desenbed as Standard Sohd 
throughout the present paper It gave good batches 
from viable cysts at dilutions of 1/20,000 to 1/40,000 
and was allotted a Relativ’e Activnty (r a ) of 1 

Tests vere carried out ns follows a mutable 
number of cysts (usually 20), prevnously sorted and 
kept m water for 3-A weeks at 23°, was counted into 
each dish (deep sohd watch glasses are conv'ement) 
usmg a Pasteur pipette, the water was dramed off 
with a fine pipette and replaced by 1 ml of the active 
solution The dishes were now covered with squares 
of glass and meubated at 23-34° for 2-3 days, by 
which time 60—200 larvae had emerged m each dish 
Countmg was earned out directly under a low power 
microscope Never less than, tliree dishes were used 
and where possible four or five were preferred both 
for the unknown and the standard 

It occasionally happened that smgle dishes showed 
counts markedly different from the others m the 
same group, it was customary to reject any count 
which was greater than five times, or less than one 
fifth of, the other counts Experience showed that 
the mean values were reasonably rehable, and when 
repeat estimations were earned out very similar 
results were usually obtamed After a test was com 
pleted, the cysts could be kept for a few days m 
water and used agam , after several tests they tend 
to become mouldy and should then be discarded 

To estimate the activity of an unknown substance, 
it was dissolved m water at a smtable dilution and 
apphed to one group of cysts, while to a control group 
a solution of Standard Sohd at, say, 1/40,000 dilution 
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was added After 2-3 days incubation, the emerged 
larvae were counted and from the result the R A of 
the unknown substance calculated 

In a typical expenment, an active concentrate was diluted 
to 1/2,000,000 and compared with Standard Sohd at 1 /40,000 
with the following result 

Standard 1/40,000 hatches (2 days, 16 cysts/dish) — 144, 
67,112, 160, mean 116 

Unknown 1/2,000,000 hatches (2 days, 16 cysts/dish) — 
166, 89, 163, 120, mean 134 

From the result the unknown substance had E A 

2,000,000x134 

40,000x116 

It will be observed that a dilution was chosen (by 
trial and error) for the unknown substance which 
gave about the same hatch as the control In these 
cucumstances the importance of the ratio concen 
traction/hatch was diminished, smce two solutions 
giiung the same hatch would he expected to contam 
the same concentration of factor 

In the past, workers have usually stated the 
maximum ddution at which materials show any 
activity This is a very unsatisfactory method of 
expressmg activity, partly because cysts vary m 
sensitivity and partly because it la difficult to decide 
the pomt at which hatchmg due to active matenal 
becomes significant, smce even m water a few worms 
may hatch out Tlie test method we have described 
IS easy to carry out and gives results qmokly 


Experience m many trials has shown that it is fairly 
rehable, and occasions on which it has given mia 
leading results have been very few Its accuracy is 
not very high, but the great mdividual variation 
among eelworm cysts makes it difficult to achieve 
precision m assay In the work described m this and 
succeeding papers we have employed mainl y cysts 
from Chat Moss, Lancashire, and from Cambndge- 
slure (for which we are mdebted to Messrs F G W 
Jones and F R Petherbndge) , we have also used 
successfully cj^sts isolated from sod m the Newcastle 
area obtamed through the kmdness of Dr C EUenby 

SUMMARY 

1 A method is described for the preparation of 
crude sohd concentrates of the potato eelworm 
liatchmg factor by leaching the roots of growmg 
tomato plants with water, adsorbmg the factor on 
charcoal and elutmg with aqueous acetone 

2 The effect ofvanous conditions on the hatching 
of eelworm cysts has been studied, and a reasonably 
rehable bioassay method for the hatchmg factor has 
been worked out 

We ate deeply mdebted to Prof E T Leiper, F Rfi , for 
his advice and assistance, to Imperial Chemical Indnatnes 
Ltd (Dyestuffs Division) and the Agncultnral Besearoh 
Conned for then support of the mvesbgations, and to Dr G H 
Oroutt of the Department of Apphed Economics, Cambridge 
Umversity, for statistical calculations 
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2 PUEmCATION OF THE FACTOR BY ALKALOID SALT FRACTIONATION 
ANHYDROTETRONIC ACID AS AN ARTIFICIAL HATCHING AGENT 

By C T CALAjM, A R TODD and W S WARING 
Cheimstry Department, U^nversity of Manchester, and Chemical Laboratory, University of Cambridge 

(Received 8 April 1949) 


Methods for the preparation of crude solid con 
centrates of the potato eelworm hatclimg factor 
from leachmgs of tomato roots and for the hioassay 
of the factor bemg available as a result of work 
described m the preceding paper (Calam, Raistnck 
& Todd, 1949), experunents directed to the further 
concentration and eventual isolation of the active 
prmciple were undertaken It was clear from pre 
lumnary experiments that, if only on account of 
a tendency to mactivation, attempted purification 
tlirough metallic salts was unlikely to be successful, 
at least on the crude sohd Substantial purification 
could, however, be effected by extraction with 
organic solvents, thus from ether extracts of 
acidified aqueous solutions of crude sohd a brownish 
glass was ohtamed having a Relative Activity (b a ) 
about 26 and about one quarter the weight of the 
starting material (Relative Actmty is defined by 
Calam et al 1949, p 618 ) Tlus step, which results in 
httle loss m activity, was accordmgly moluded m aU 
later concentration procedures The product was 
strongly acidic and gave on titration an eqmvalent 
value of about 200, addition of excess alkah and 
back titration mdicated the presence of lactomc 
material It contamed small amounts of mtrogen, 
but was free from phosphorus, halogens or sulphur 
As the product ohtamed by ether extraction could 
not be cryBtaUized, and was almost certainly a com- 
plex mixture, it was treated with various alkaloids 
and the aUtaloidal salts subjected to fractional pre 
cipitation Brucme and qmmne proved the most 
smtable bases, although neither was very satisfactory, 
as there was frequently complete loss of activity 
It was noticed, too, that when the e A of a brucme 
salt fraction had reached about 60 it was difficult to 
raise it further without heavy loss Although most 
of the earher work was done on brucme salts, it was 
later found that qumme salts were equally useful 
Examples of fractionations with both alkaloids are 
given below The products were amorphous, but had 
fairly sharp meltmg pomts and gave reasonably 
consistent analytical values The purest brucme 
salts showed e^ 60-66 It was observed on a 
number of occasions that mactivation of the most 
highly active brucme salt fractions, on st andin g, on 
precipitation with solvents or on treatment with 


a trace of alkah, yielded m nearly oqm\ alent amount 
an mactive brucme salt which crystallized m 
rosettes of tmy needles and ga-vo analj-tical values 
very clcse to those of the amorphous actne salt 
Such mactivation, with almost quantitati\o con- 
version to a crystallme salt, has not alwaj’s been 
observed, perhaps because the amorphous active 
salts from different runs varied m their degree of 
heterogeneity Treatment of the purified actii e 
brucme salts with acid, followed by continuous ether 
extraction, gave a higlily acidic resm, active os 
hatclimg factor at dilutions of 1 m 10’ to 1 m 10®, 
a very sundar, although biologically mactiv e, resm 
was ohtamed by the same treatment apphed to the 
mactive crystalhne salt The properties of these 
materials, so far as they were exammed, are recorded 
m the experimental section The evidently lietero 
geneous products were so mtractable, and the 
amounts available for study at anv one time were so 
small, that it would be imwase to draw any con 
elusions beyond that the hatching factor — for which 
we propose the name eclcpic acid — is an acid probably 
contammg a lactone group It was decided to defer 
further mvestigation of the natural material until 
larger amounts could be made available 

Smee the hatching factor is ohtamed by leachmg 
the roots of growmg potato and tomato plants, 
a number of substances which rmght occur m plant 
roots were tested for possible hatc hin g activity 
Tliey mcluded aneurm, nboflavun, mcotmamide, 
pantothemc acid, pyridoxm, liv^er and yeast con- 
centrates of the other B vitamms, ascorbic acid, 
heteroauxm, traumatic acid and a urme concentrate 
which was beheved to contam auxms a and b , none 
of them showed any activity Contrary to the state- 
ments of Hurst (1937), who was probably misled by 
the biological test method he used, tyrosme, 
glutamic acid, lysme picrate and picric acid were 
found to hav'e neghgible activity The high acidity 
and probable lactomc nature of eclepic acid, how- 
ever, led us to test also a number of tetromo acid 
derivatives and other compounds, viz carolic acid 
(Clutterbuck, Raistnck & Reuter, 1936), tetromo 
acid 0? hydroxy A“ ^ butenohde), a methyltetromo 
acid, a henzyltetromo acid, a carboxymethyltetromc 
acid, a acetyltetromo acid, a bromotetromc acid. 
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methyl tetronate, methyl a methyltetronaie, methyl 
a benzyltetronate, acetyl a. hcnzyltetronate, benzoyl 
a methyltetronate, a carbethoxytetronic acid, a 
carhethoxy-y y-dimethyltetromc acid, y y dimethyl 
tetronic acid, a bromo a methyltetronic acid, O 
tetra acetyl j3 glucosvlyl a methyltetronate (Details of 
new compounds are given m the Experimental 
section ) None of these compounds showed any 
activity as hatching factors 
Anhydrotetromo acid, however, for which structure 
(I) has been established (Maman, RusseU, Todd 
& Warmg, 1947), did show pronounced hatohing 
factor activity at pH values below 3 The fice acid 
at a dilution of 1/2000 was fully active and still 
showed distmct activity at a dilution of 1/8000 At 
a dilution of 1/2000, anhydrotetromo acid gives as 
large hatches as the best samples of natural hatohing 
factor This remarkable property is not shared by 
any of a number of close relatives of anhydrotetromc 
acid, tsopropyhdene bis tetromc acid (Wolff, 1901), 
ethyhdene bis anhydrotetromc acid (Wolff, 1901) 
and bis tetromc acid (Wolff, 1913) are all devoid of 
hatclung activity 

HO — C ■ - - - C — C===CH 

in, io is, io 

\o/ \o/ 

(I) 

The discovery that anhydrotetromo acid shows 
hatching properties similar to those of the natural 
factor, although the degree of activity on a weight 
basis was clearly very small compared with that of 
eclepic acid, led to systematic attempts to synthesize 
other active substances, these will be desonbed m 
later commumcations It also led to a prehmmary 
study of the feasibdity of artificially hatclung eel 
worm cysts m sand Although the experiment 
(described on p 623) was on a small scale and the 
results only quahtative, there was a significant 
reduction m the larval content of cysts m sand which 
had been treated with anliydrotetromc acid 

EXPERIMENTAL 

Concentration of edepic acid by ether extraction Crude 
solid eluate prepared fixun tomato leaohings (Calam et at 
1940 , 1 g , 0) was dissolved m dilute (7 6 ml 

water + 1 6 ml 2 n H^O,) and extracted contmuoualy with 
peroxide free ether for 12 hr Evaporation of the ethereal 
extract followed by drymg off in vacuo at room temperature 
gave a yellow acidic resin (212 mg , B.A 28) Repetition of 
the procedure on many occasions nsmg crude eluate of 
varymg activity consistently gave products 3 to 4 tunes as 
active as the starting matenal The product was free from 
S, P and halogens, but contamed small amounts of N (1-2 % 
estimated by the Dumaa method), it was strongly acidic, 
behaving on titration as though it had an eqmvalent of about 
200 Addition of excess alkah, warmmg and back titratmg 
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mdicated the presence of an additional concealed acid group 
(probably a lactone group) Numerous attempts were made 
to prepare metaUio salts from this matenal, but no crystaUme 
products were obtamed and extensive maotivation occurred 
Brucme cmchonine and quuune gave amorphous salts which 
appeared to retam a considerable proportion of the ongmal 
hfltchmg activity, and those from brucme and q uinin e were 
selected for further study 

Fractionation of brucine sdUt The above ether free eon 
centrate (0 16 g ) was dissolved m water (8 mk), brucme 
(0 6 g ) added and the mixture shaken thoroughly After 
30 mm the solution was decanted and the residue washed with 
water The combmed solution and washmgs were filtered and 
evaporated to dryness tn vacuo The resultmg crude brucme 
salt, which usually had BkA 6-7, was ground xmder ethanol, 
when most of the active matenal dissolved, and the dis 
solved matenal was then subjected to repeated fractional 
precipitation by addmg first ether and then hght petroleum 
(b p 40-60°) and repeatmg the process By this means 
a small amount of amorphous active salt (m p mdefinite 
106-190°) was finally obtamed of 66-66, but the process 
mvdlved heavy loss Attempts to punfy beyond this pomt 
usually resulted m mactivation, and the activity of the best 
fractions did not nee A typical fiaotionation is set out m 
Table I 

A sample of purified brucme salt, m p 180-183°, ofs A 68 
was dned over PjOj/O 1 mm and analysed (Found 0,62 6, 
S, 6 6, N, 4 9% ) When the active matenal was kept m 
ethanoho or aqueous solution it lost its activity, and on 
several occasions a crystaUme mactive salt could then be 
isolated m a yield of 60-90% This inactive matenal 
separated from ethanol m rosettes of colourless needles of 
rather mdefimte m p 180-200° Analysis of a reorystalhzed 
sample, rmp 198-204°, gave values very similar to those 
obtamed for the active salt (Found m matenal dned at 
60°/0 1 mm overP,Oj 0,63 6,H,6 4,N,6 2,losaondrymg 
4 0%) If the active salt were reasonably pure this might 
suggest inactivation by isomerization 

Fractionation of quinine salts The above concentrate 
prepared by acid ether extraction (0 16 g ) was treated 
directly with qumme (0 14 g ) m ethanol (3 6 ml ) givmg 
a solution of pH 6 Ether (0 6 mk) and hght petroleum 
(11 ml ) were added and the precipitate (83 mg , 22), 

whioh contamed practically aU the activity, was spun off 
This precipitate was starred with acetone and the msolnble 
portion (bj. 16) removed Addition of ether gave a pre 
cipitate (e a 16) which was removed and the solution con 
centrated to smaU bulk andprecipitated with hght petroleum 
The product (26 mg ) had E a 64 and repetition of the 
precipitation procedure gave a salt of E a 70 (Found m 
material dned at 36°/0 1 mm over PjOj C, 64 6, H, 7 1, 
N, 6 9%) Matenal of this composition and of B^ 70-90 
could frequently bo obtamed by this procedure, but at times 
mactivation would occur durmg fractionation for no obvious 
reason 

Properties of edepic acid prepared from active brucine salt 
When the brucme salt was dissolved m water, acidified with 
HtSO, and contmuoualy extracted with ether, on extract 
was obtamed which, on evaporation, gave eclepic acid as 
a yeUowish gum The preparation of the free acid was 
accompamed by some loss of activity, but the best specimens 
(BA abont200)BhowedfiiUhatchmgactivity (i e comparable 
to ‘Standard Sohd’ (Calam ei at 1949) at 1/40,000) at a 
dilution of 1/10’ Direct titration gave an eqmvalent of 268, 
while addition of excess alkah and back titration showed an 
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Table 1 Fraction 

Crude bruome salt 

\ation of crude active brucine salts 

(1 066 g , B A 7) 

Ethanol 

Insoluble Soluble 

(0 1 g , B A 9) 

Ether + petroleum 

I 

Inso 
(0 364g, 

luble Soluble 

B A 30) (0 3 g , E A 1) 

Dissolved m ethanol 

Ether ppt Petroh 

(Olg.K^ 16) (0 14g 

3um ppt Soluble 

. B A 42) B A 1 

Ethanol 

I 1 1 

Ether ppt Petroleum ppt Soluble 

(b a 2) (49 mg , E A 60) h a 1 

1 Ethanol (1 6 ml ) 

Ppt formed at 0° Ppt with Ppt w 

(6 mg , B A 19) 6 ml ether petiole 

(8 mg , E^ 16) (17 mg 

1^ 1 1 1 

ith 1 ml Second petroleum Third petroleum Soluble 

um at 0° ppt ppt (b a 15) 

, E A 66) (9 6 mg , B A 20) (7 mg , b a 49) 

Ethanol, followed by petrol precipitation 

1 

(4 mg, BA 13) (Omg, 

E.A 67) (6 mg , B A 62) 


additional concealed acid group, posaibly laotomo m nature 
A molecular weight determination by the Barger method 
gave a value of about 300, but excessive ddution of the 
solutions which had to be used made the result unreliable 
(Found m material dried at S0°I0 1 mm over PjOj C, 66 7, 
H, 6 7 % ) The product gave no reaction for carbonyl groups, 
and catalytic hydrogenation gave a variable uptake of 
hydrogen corresponding to that required for 1 double bond 
m a molecular weight of 300-400 The free acid showed only 
very feeble optical activity m dilute aqueous solution 
([uId about + 1°) 

Synthesis of tetromc acid derivatives 

Methyl telronale Excess ethereal diozomethane was added 
to tetromc acid and when evolution of N, ceased the solution 
was evaporated Becrystallization of the residue from 
benzene/hght petroleum and finally from a small amount of 
benzenegav0thefts<crascolourlessneedles,m p 67° (Found 
C, 62 3, H, 6 3 CjHjOj requires C, 62 6, H, 6 3 % ) 

Methyl a methyltetronate Methylationofa methyltetromo 
acid W1& diazomethane m the usual manner gave the methyl 
ester as a colourless hqmd which distilled at 10O-17O°/16 mm 
(Found C, 66 3,H,6 4 CjHjOjreqnires C, 68 2, H, 6 3% ) 
Meihyl a henzyltetronate Methylation of a benzyltetromo 
acid with diazomethane gave the methyl ester as a colourless 
hqmd, b p 166— 160°/6 x 10”® mm (Found C, 70 1 , E, 6 0 
CijHijOj requires 0, 70 6, H, 6 9% ) 

Acetyl a henzyltetronate a Benzyltetromc acid was acetyl 
ated by heatmg on the steam bath with excess acetic 
anhydride for 2 hr Acetic anhydride and acetic acid were 
removed under reduced pressure and the residue reorystal 
lized from cold methanoL The acetyl denvaUve formed 


colourless needles, m p 00-70° (Found C, 07 1 , H, 5 4 
CijHijOj reqmres C, 07 2, H, 6 2% ) 
a Carhelhoxy y y-dimethyltetronic acid Diethyl malonate 
(32 g ) dissolved m dry ether (100 ml ) was allowed to react 
with sodium wire (4 6 g ) overnight To the cooled mixture 
a bromoisobutyryl bromide (23 g ) dissolved m dry ether 
(100 ml ) was added, after 24 hr dilute HjSOj (100 mL of 
3 n) was added and the aqueous layer separated and 
evaporated under reduced pressure at room temperature 
The sticky sohd was purified by precipitation from benzene 
solution with Lght petroleum and finally reciystallized from 
a minimum of water The acid formed colourless needles, 
mp 83-84° (Found C, 63 6, H, 6 0 CjHjOj requires 
C, 64 0, H, 6 0% ) 

O Telra-aeetyl p glucosidyla methyltetronate Drypowdered 
silver a methyltetronate (2 4 g ) was added to a solution of 
a acetobromoglucose (4 1 g ) m dry benzene (10 ml ), and the 
mixture shaken for 10 hr AgBr was removed and the filtrate 
set aside The glucosideelowly separated as colourless needles 
and, after reorystallization from benzene/hght petroleum, 
had m p 160-161° (Found C, 61 6, H, 6 6 CijH.jOjj 
requires C, 61 3, H, 5 4% ) 

The hatching of eelwonn cysts by 
anhydrotetromc acid 

Anhj drotetroruc acid is strongly acidic and differs 
from eclepic acid m that it is only active at pH values 
below 3 The results of a typical experiment m wluch 
the behaviour of anhydrotetromc acid was com 
pared with the natural substance are summarized m 
Table 2 
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Table 2 Hatching of eeliuorme by anhydroteiromc 
and at different pH values 

(The hatches are means of three dishes, each oontaming 
thirteen cysts monhated 3 days at 22° ) 


Standard solid (UJl 1) 

Anhydrotetromo aoid from tomato root leaohings 
(1/2000) (1/30,000) 

A. „ ^ ^ V 


pH 

Hatch 

(larvae) 

pH 

Hatch 

(larvae) 

265 

83 

3 22 

83 

440 

10 

4 82 

93 

6 76 

3 

6 67 

71 

6 98 

2 

6 08 

19 

8 03 

10 

804 

21 


The structure (I) of anhydrotetromc acid, gives no 
esplEuuation for this behaviour The absorption 
spectrum does not change on dissolution m alkah, 
and alkahne solutions become active once more on 
acidification It would thus appear that the hatchmg 
mechanism can only be started by anliydrotetromc 
acid over a narrower pH range than by the natural 
substance Prom the above experiment it can be 
seen that anhydrotetromc acid has an b,a of about 
0 07 compared with over 200 for eclepio acid 
When cysts are exposed to anhydrotetromo acid, 
the lari'ae emerge m the usual way (of Calam et al 
1949) bemg coded and moving freely This contrasts 
with the effect produced by certam other substances, 
such as bleachmg powder solution or picno acid, 
which cause larvae to emerge m on angular, hfeless 
condition, and so can hardly be described as true 
hatchmg agents 


The results of an experiment m which eelworm 
oj^ts were mixed with sand and treated with 
anhydrotetromc acid for 36 days is summarized m 
Table 3 

Sand (100 mL) 'waBhed mth HCl and water was placed m 
glass jars and 100 cysts and 20 ml water well mixed with it 
The anhydrotetromo aoid was dissolved m water and added 
after 1 week The jars were kept at 16-20° m a room where 
they were not exposed to sunlight, and were occasionally 
watered to keep the contents moist It was noticed that with 
higher concentrations of anhydrotetromo acid the upper 
layer of sand became tmged with purple Soil could not be 
used because it was impossible with it to reduce the pH to 
3 or less, and even with 600 mg of anhydrotetromo acid per 
jar the sand mixture only just mamtamed this level The jars 
were examined after 35 days 

It will be seen that where anhydrotetromc acid 
was used the cysts were no longer viable, so that the 
degree of hatchmg was perhaps less than it might 
otherwise have been In another set of jars, wluch 
were kept for 92 days, even the untreated cysts were 
non viable, suggesting that comphcatmg factors may 
have been operative Under normal conditions, 
cysts will contmue to hatch for long periods without 
dymg Thus when 136 cysts containing 13,636 
larvae were placed, for a few days, m hatchmg 
factor solution and water alternately, 6466 larvae 
emerged durmg the next 4 months and more were 
still slowly hatchmg Dissection of a number of 
cysts at this stage showed that all had contributed 
some larvae, maximal and minim al numbers per 
cyst remammg bemg 223 and 36 at the start and 130 
and 6 afterwards It would appear that m the above 
experiment with sand some unknown factor was 
causmg the death of the cysts 


Table 3 Reduction in content of cysts by anhydrotetromc and 


(Readings after 36 days, mitial content, 101 6 larvae ) 


Anhydrotetromc 


Acid recovered 



Larval 

Mean 

acid 


t 

_A 

Hatohability 

No of 

content of 

reduction 

/ 

> , 

pH of 

Titration 

Hatching 

of recovered 

cysts 

recovered 

m larval 

(mg /jar) 

(cwt /acre) 

extract 

(mg) 

test 

cyste 

recovered 

cysts 

content 

0 

0 

42 

0 

— 

+ 

84 

97 9 


0 

0 

43 

0 



93 

106 8 


0 

0 

43 

0 



62 

103 0 


0 

0 

44 

0 



79 

92 0 


Mean 


43 

0 



77 

99 8 

1 8 

60 

07 

3 76 

27 



84 

97 6 


60 

67 

3 95 

26 

- 

_ 

70 

104 0 


60 

07 

3 86 

30 



84 

90 3 


Mean 


3 85 

28 



79 3 

97 3 

4-3 

200 

27 

3 46 

77 



82 

97 9 


200 

27 

36 

98 


- 

93 

93 1 


200 

27 

34 

116 



92 

95 7 


Mean 


3-45 

97 



89 

95 6 

6 0 

600 

80 

2 85 

300 



105 

77 3 


600 

SO 

2 85 

366 

+ + 

_ 

95 

92 S 


600 

80 

2 76 

362 



107 

88 6 


Mean 


28 

342 



102 3 

86 2 

15-4 
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From Table 3 it ■sviU be seen that the reduction in 
number of larvae per cyst after 36 days was 1 8, 
4 3, 6 0 and 16 4 with 0, 60, 200 and 600 mg 
anbydrotetromo acid per jar Statistical analysis 
shows that there is, m fact, a significant correlation 
between amount of anhydrotetromc acid added and 
the reduction m number of larvae 'Hfiien a parallel 
senes of jars were examined after 92 days a similar 
effect was observed 

SUlVniARY 

1 The potato eelworm hatchmg factor can be 
extracted with difficulty from acid aqueous solution 
by ether, and this process has been employed as 
a first stage m the purification of crude concentrates 
from tomato root leachmgs The hatcliing factor is 
an acid, and for it the name eclepic acid is proposed 


1949 

2 Tlie preparation of higlily active brucme and 
quimne salts from eclepic acid concentrates is 
described, as also are some of the properties of the 
resmous free acid prepared from them The most 
active preparations of eclepic acid, although still 
impure, show full hatclimg actuuty on eelworm cj-sts 
at a dilution of 1 m 10’ to 1 m 10* 

3 No appreciable hatclimg activity was shown 
by a variety of substances hkely to occur m plant 
leaclungs or by several ammo acids and tetromc 
acids Anhydrotetromc acid, however, was found to 
possess defimte hatchmg properties, bemg fully active 
at a dilution of 1/2000 A prehmmary pot experiment 
showed that it could brmg about artificial hatchmg 
of eelworm cjsts m sand 

Out thanks are due to the Impenal Chemical Industries 
Ltd and to the Agncultnral Research Council for the 
provision of grants and other assistance 


REFERENCES 


Calam, C T,Raistnck, H &,Todd,A R (1949) Biochem J 
46, 613 

Clutterbuok, P W , Raistnck, H A, Reuter, P (1935) 
Biochem J 29, 300 

Hurst, B H (1937) Agnc Bee Coun Rep , 1936-37, p 176 
London HJM Stationety Office 


Marrian, D H , Russell, P B , Todd, A R Wanng, W S 
(1947) J Chem Soc p 1305 
Wolff L (1901) Liebigs Ann 315, 102 
Wolff, L (1013) Liebigs Ann 399,310 


The Potato Eelworm Hatchmg Factor 

3 CONCENTRATION OF THE FACTOR BY CHROMATOGRAPHY 
OBSERVATIONS ON THE NATURE OF ECLEPIC ACID 


By D H MARRIAN, P B RUSSELL, A R TODD Am> W S IVARING 
CJienncal Laboratory, Umverstly of Cambridge 

{Received 8 April 1049) 


From the prehmmaiy mvestigations described m 
Part 2 of this senes (Calam, Todd & Waring, 1949) 
it was clear that unless considerably larger amoimts 
of startmg matenal could be made available, httle 
progress towards the isolation and structural 
elucidation of the potato eelworm hatchmg factor 
(eclepic acid) was likely Although the factor 
evidently had a comparatively low molecular 
weight, the small amount of it present m tomato 
root leachmgs, coupled with its great mstabdity, 
made chemical mvestigation extremely difficult 
Fortunately, larger supphes became available 
through the generous help afforded by the Agn 
cultural Research Council, which arranged for the 
growmg and leaching of tomato plants on a large 
scale by essentially the method desenbed m Part 1 
(Calam, Raistnck & Todd, 1949) to be earned out at 
the Experimental Station, Cheshunt There a stock 


of some 160,000 tomato plants was mamtamed under 
glass durmg the period May 1943 to September 1944 
Production m 1944 was seriously affected by war 
damage at the station and ceased m the aut umn of 
that year The total amount of crude sohd eluate 
obtamed durmg the penod was 218 g with an 
average Relative Activity (a a ) 9 (Calam, Raistnck 
& Todd, 1949), batches ranging from ea 4—13, 
imder this arrangement then, we could extract about 
12 g crude sohd per month, which, although small, 
was very much more than was available to us m 
our earher work Tlie mvestigations desenbed m tins 
paper were aU done on this matenal, referred to 
throughout as ‘crude sohd’ Assuming that sa 
about 200, the value shown by the most highly 
piinfied eclepic acid preparations obtamed, repre- 
sents somethmg approachmg the activity of pure 
eclepic acid, then on assay the total matenal we 
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received might oontam 6-8 g It has to be re 
membered, however, that the concentration pro 
cedure is always accompanied by heavy loss, and 
that the assumption regarding the activity of pure 
eclepic acid is whoUy speculative, so that m fact the 
amount of factor obtamable m practice was much 
less than that which might be deduced from the 
bioassay figure for the crude sohd 

From the early concentration studies of Calam, 
Todd and Warmg (194;9), it seemed clear that ether 
extraction from acid solution would be a valuable 
step m any isolation method, givmg, as it does, a sub 
stantialreductionmweight without, as arule, serious 
loss m actinty Accordmgly, it was adopted as a 
standard first operation on crude sohd m the present 
work The alkaloid salt fractionation used m Part 2 
of tins series (Calam, Todd & Wanng, 1949) was 
much less satisfactory, losses bemg heavy, and com 
plete mactivation occurring at times for no obvious 
reason It was, therefore, decided to examme 
adsorption methods more closely m the hope that 
one could be found which might effect a more far 
reachmg concentration of active material before 
fractional precipitation of salts was used Pre 
hmmary experiments (by Dr C T Calam) had shown 
that simple chromatography on alumina was of 
httle value, as was mdeed to be expected from the 
general properties of the active material Adsorption 
of active material from aqueous solution at neutral 
and acid pH on laeselgulir, kaohn, fuller’s earth and 
charcoal was then examined, of these adsorbents 
only charcoal was really effective, even when the 
ratio of absorbent to material used was as high as 
200/1 Attention was therefore turned to partition 
chromatography At first the methods of Martm 
& Synge (1941) and Gordon, Martm &, Synge (1943) 
were tried, usmg a silica gel column impregnated 
with methyl orange and applymg to it the acid ether 
extract of the crude sohd Results were, however, 
unsatisfactory, as activity tended to spread over the 
column givmg very mdistmct bandmg More success 
was aclueved usmg a modification of this techmque 
m which the chromatogram was a sihca, gel column 
loaded with strong potassium phosphate buffer at 
a siutable pH 

We arc indebted to Dr A A Levi for nllovrmg us to take 
advantage of this method, onginally devised for work m the 
poniciUm field, and as a result bemg unavailable through 
normal pubhcation channels until later (Levi, 1948) 

As a result of manj trial experiments, a standard 
procedure of cliromatographv on a column buffered 
at pH 0 was adopted The mam ncti\ e fractions from 
such chromatograms wore resins showng a 3 to 4 fold 
mcreaso m actmtj o\ er the startmg matenal For 
further purification these products w ere treated with 
brueme, and the brueme salts shaken m aqueous 
solution with clilorofonn The actiie salts passed 


mto the cliloroform layer and could be obtamed as 
amorphous wlute powders by fiinal precipitation 
from ethanoho solution with hght petroleum These 
salts gave reasonably consistent analytical results, 
as did the resmous eclepic acid preparations made 
from them 

This revised concentration procedure was found to 
be m general more rehable than the methods employed 
earher, and the final products had e a 209-240 as 
free acid and e a 40-60 as brueme salts Some of 
the brueme salts described m Part 2 (Calam, Todd 
& Warmg, 1949) showed e a 60-66, but gave similar 
analytical results, smee the tests were earned out at 
different periods and, bearmg m mmd the vanabdity 
encountered m cyst hatclimg, we do not consider 
that this difference m e^ is necessarily significant 

EXPERIMENTAI/ 

Preparation of columns 

In genera], the method followed that desenbed by Gordon 
etfd (1943) A weighed amount of the prepared sibca (about 
60 g /g of Bubstance to be chromatographed) was dried 
overnight at 110° m an eleotno oven, and then stirred in 
a laige basm with half its weight of strong phosphate buffer 
(30%) of the appropnate pH, which was added dropwiso 
from a dropping pipette When aD the buffer had been added, 
the sihoa was mechamcally stirred with wet CHClj until the 
small lumps had been broken up and then poured m the usual 
manner mto a glass column plugged with a httle cotton wool 
Tlie column was washed with wet CHClj and then with wet 
ether When the entire column had been washed with ether, 
the material to be chromatographed was added m wet ether 

Partition chromatography of eclepic 
acid concentrates 

The matenal submitted to chromatography was in all 
cases the product obtamed by contmuous ether extraction 
of an acidified aqueous solution of 'crude sohd’ accordmg to 
the method described by Calam, Todd & Warmg (1949) 

The most suitable pH for chromatography by the method 
of Len (1948) depends on the stabihty of the substance under 
exanunation and its partition coefficient between buffer and 
solvent and must be detenmned empmcally It was known 
fium earlier work that eclepic acid was relatively stable 
below pH 7, and it was found by tnal that 79-75% of the 
active matenal passed from ether mto phosphate buffer of 
pH 6 This distnbntion appeared to be of the nght order and, 
after trials on a senes of columns at pH's m this region, pH 6 
Was finally selected as the most suitable On a column of 
pH 6 most of the matenal was firmly held, only a pale 
yi'Uow mactive oil passmg through with ether this mactive 
oil had a terpene like odour and is referred to ns the ‘ terpene 
fraction’ The chromatogram could be developed with 
acetone ether mixtures Expenence showed that there was 
some spread of activity in the vnnous firactions, but the 
majonty of the active matenal was located m the 60% 
acetone ether rumungs When all the active matenal had 
been eluted, the sihca was yellow m colour and this colour — 
probably due to an anthoxanthm colouring matter — could 
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only be removed -mth water Many such chromatograms 
were studied, and finally the followmg method was adopted 
m which only three firactions were taken The matenal to bo 
purified was put on the column m wet ether and the inactive 
terpene fraction (usually 30-35%) collected m the ether 
runmngs and washmgs The column was now pushed out of 
the tube and cut m half The upper half, which contamed all 
the activity, was eluted by stirrmg with acetone ether (1 1) 
giving an active middle fraction (26-30%) The third, 
mactive, fraction contaimng yellow colouring matter could 
subsequently be eluted from the column with water Typical 
results are given in Table 1 On some occasions there was 
found associated with the active fraction on the column 
a neutral biologically inactive crystalhne compound, 
m p 136° This substance appeared to have a formula 
CuHnOj on the basis of analysis and molecular weight 
detemunation, but its structure has not been determined 


Table 1 JSItddle fractions from buffered 
chromatograms at pH 0 


Crude ether extract 

A 

Middle fraction 

Wt 

r 


r 

> 

rccovcrj' 

Wt (mg ) 

E A 

Wt (mg ) 

B A 

(%) 

208 

25 

82 

70 

40 

327 

36 

109 

120 

30 

412 

30 

163 

98 

37 

1193 

— 

422 

68 

37 

2160 

22 

660 

80 

30 


Purification of middle fractions from 
chromatograms 

Attempts were now made to punfy the eclepio acid present 
in the imddle fractions from chromatograms of the type 
discussed above by bruome sal t fractionation After numerous 
trials it was found that virtually colourless active salts could 
be obtamed by extracting the mixed brueme salts m aqueous 
solution with CHdj m which the active salts are readdy 
soluble and then re extractmg from the CHCl, layer with 
suitable quantities of water Active salts obtamed m this 
way were then further purified by precipitation from ethanol 
with ether hght petroleum mixtures In this way amorphous 
bruome salts of b a 40-60 were obtamed which gave con 
sistent analyses In the course of this work small amounts 
of three different mactive oiystalhne brueme salts were 
obtamed, the first had m p 162-168° and appeared to be 
brueme formate, the second, m p 187-190°, probably 
brucine hydroxyglutamate and a third, m p 160-162°, 
which gave analytical values very smular to those given by 
the active salts 

From the purified active brueme salts, free eclepic acid 
was obtamed as a yellowiah resm by acidification and 
extraction with peroxide free ether This hygroscopio 
resmous product gave, like the parent brueme salts, fairly 
consistent analyses and usually had e a 200 240 Hunng 
the preparation of the free acid, complete mactivation 
occasionally occurred, this unaccountable tendency to 
inactivation has heen a major source of difficulty at all 
stages of work with the potato eelworm factor The resmous 
acid defied aU efforts at orystaUization and could not be 
distilled without decomposition and loss of biological 
activity A very large number of unsuccessful attempts was 
also made to obtam a crystaUme salt or other derivative so 
as to get some evidence as to its homogeneity, e g Na, Ba, Ca, 


Ag, Pt, bonxylamino, aendmo, bcnzylthiuronium salts, 
p phenylphenacyl and other esters, amides, anihdes, tolm 
dides, hydrazides The acid gave a transient reddish hrown 
colour with FeCl, — a reaction which had apparently heen 
missed m earlier work — but otherwise showed no char 
actenstic colour reactions 

In Table 2 analytical figures are given for a senes of active 
brueme salts, b a 40-60, and for the resmous eclcpic acid 
preparations obtamed from the salts Agreement between 
indivndunl analjscs is surpnsingly good considenng the 
nature of the matcnals 

Table 2 Analyses of amorphous actiic brucine salts 
and of the resinous eclepic acid prepared from them 

Brueme salt (dned over Free acid (dned over 


Sample 

no 

P.Oj at 100°/0 1 mm ) 



PnOj 

at 00°/0 1 mm ) 

C {%) 

H (%) N (%) 


H {%) 

N(%) 

1 

63 3 

6 7 

67 

67 0 

02 

— 

2 

63 0 

0 0 

02 

66 0 

03 

1 0 

3 

63 2 

03 

02 

65 9 

5 6 

22 

4 

02 7 

00 

66 

67 0 

64 

1 5 

6 

03 6 

06 

68 

65 0 

69 

25 

0 

03 4 

66 

02 

— 

— 

— 

Mean 

63 4 

66 

61 

56 4 

61 

20 


The low but over present amount of N m eclepic acid 
preparations was a continued source of confusion Two 
possibihties had to be considered The eclepic acid prepare 
tions, m view of their more or less consistent analyses and 
activity, might be nearly pure, m which case the mol wt 
would require to be of the order 700, or, alternatively, the 
N might be present m some contaimnatmg matenal On the 
whole, the second possibfiity seemed the more hkely Eclepio 
acid preparations showed no basic properties, were not 
mactivated by treatment with HNO, and yielded their 
N quantitatively m the form of NH, (identified as ammomum 
chloroplatmate) on hydrolysis at 100° with HCL To throw 
further hght on this pomt we decided to mvestigate the use 
of a second sihca phosphate buffer chromatogram at more 
acid pH m place of the brueme salt fractionation It was 
found that the active matenal present m the middle fraction 
from a pH 6 chromatogram could be made to travel down 
a chromatogram buffered at pH 4—4 5 if apphed m ether 
contaimng 1 % n butanol and developed with ether con- 
taming mcreasmg amounts of n butanol The most active 
fractions (b-A about 200) from such chromatograms were 
those eluted with ether contaimng 4 % u butanol and they 
had N contents of 1 % or even less It is thus very tentatively 
concluded that eclepic acid is N free, it bemg assumed on 
available evidence that the purest preparations obtamed, 
although certainly not homogeneous, consist largely of the 
factor The only other possibihty is that the active matenal 
IB a mmor constituent of the preparations obtamed, this 
seems rather unlikely, particularly smee these preparations 
are fully active at dilutions as high as 1 m 10’ 

DISCUSSION 

Tn the absence of any real evidence for the homo 
geneity of the most highly purified samples of eclepio 
acid so far prepared, the mterpretation of analytical 
or degradative data obtamed usmg them is so 
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difficult that any conclusions can only be accepted 
with the greatest reserve It is evident, from the 
analytical figures given for the free acid and its 
brucme salt m Table 2, that the material prepared 
by chromatography and salt fractionation was not 
homogeneous, but working on the assumption that 
it consistedlargely of eclepic acidwithmmor amounts 
of impurity, we have earned out analytical and 
degradative experiments m the hope of finding some 
clue to the structure of the hatching factor This 
assumption rests, of course, on the very high bio 
logical activity of the products and the fact that 
the carbon and hydrogen contents of samples pre 
pared at different tunes from different batches of 
startmg matenal were of the same order 

In. general, titration of such matenals mdicated 
an equivalent of 260-290 and addition of excess 
alkali and back titration showed the presence of 
a lactone group (about 80 % of theory calculated on 
an eqmvalent of 260) From the ease of opening, the 
group concerned seems likely to be ay lactomc group 
and the hydroxyl mvolved m its formation is not 
tertiary, the greater resistance of lactone rmgs 
mvolvmg tertiary hydroxyls was checked by parallel • 
exammation of a senes of synthetic compounds of 
this type Unfortunately, the solubflity of eclepic 
acid prevented determination of molecular weight 
by the common methods A rather unsatisfactory 
attempt on one sample usmg Barger’s method gave 
a value of about 300 Catalytic hydrogenation usmg 
both platmum and palladium catalysts led to 
hydrogen uptake corresponding to one double bond 
m a molecular weight of 300-400 accordmg to the 
sample of matenal used. The optical activity of the 
purified matenals was similar to that detennmed for 
earher samples m Part 2, but all purified concentrates 
gave a reddish brown colour with ethanohe feme 
cWonde suggesting the presence of an enohe (or 
phenohe) grouping Quantitative acetylation gave 
rather vanable results mdicatmg one to two hydroxyl 
groups m a molecular weight of 300-400 Zerewiti 
noff determmations mdicated two to three active 
hydrogen atoms m the same molecular weight range 
The absorption spectrum of eclepic acid concen 
trates was not ven"^ charactenstio , m ethanohe 
solution the absorption maximum wluch could 
not be accurately detennmed occurred below 
2200 A (E{ 30), and there was a marked inflexion 

at 2860 A (determmation by Dr A E Gillam, Jlan 
Chester Umiersity) These findmgs would not be 
mconsistent ivith the presence of a double bond m 
conjugation mt h a carboxj 1 and possiblj an aromatic 
rmg elsewhere m the molecule 

A mriety of dogrodati\-o experiments was earned 
out Acid hydrolysis at \ anous temperatures yielded 
no identifiable products other than traces of acetone, 
and alkalme hvdroh'sis was equally unsuccessful 
The onlj identifiable product on oxidation with 


alkahne potassium permanganate or chroimc acid 
was acetic acid, whilst selemum dehydrogenation 
gave only mtractable resms Treatment with diazo 
methane yielded products containing mtrogen, 
presumably by addition of the reagent to some 
unsaturated centre, and the methyl ester prepared 
from the silver salt with methyl iodide could not be 
satisfactorily purified Methylation with dimethyl 
sulphate m alkahne solution at 70° yielded more 
promismg results , the product could not be crystal 
hzed, but it gave analytical figures correspondmg to 
a formula CjgHjjOa (Found m two different 
samples C, 69 7, 69 1, H, 6 8, 6 4, MeO, 8 3 
CisH.jOs requires C, 69 7, H, 6 8, IMeO, 8 1%) 
Tlie methylated acid shows no feme chloride reaction 
and IS free from mtrogen It is of some mterest to 
note that if the formula CjBHjjOg can be apphed to 
this matenal it would be the methylation product 
of an acid CigH^jOg whose carbon and hydrogen 
contents (C, 68 7 , H, 6 6 %) are not widely different 
from those of our best eclepic acid preparations Such 
a formula would be m reasonable accord with such 
evidence as is available regarding the molecular 
weight of the hatchmg factor and could accom 
modate the necessary carboxyl group, lactone group, 
double bond and two hydroxyls, of which one has 
acidic properties 

Some further degradative experiments have been 
carried out with themethylatedaciddesonbed above, 
but discussion of them is deferred smee, until an 
eclepic acid preparation is obtamed which is known 
to be homogeneous, arguments beised on degradative 
evidence may be very misleading and httle weight 
can be attached to any formula for eclepic acid based 
on them It is hoped that fireah supphes of raw 
matenal will enable us to prepare a pure specimen 
of eclepic acid so that progress can be made m its 
structural elucidation 

SUmiARY 

1 The apphcation of two phase cliromatography 
on sdica gel loaded with strong phosphate buffer to 
the concentration of the potato eelworm hatchmg 
factor IS desenbed Chromatography at pH 6 
followed by brucme salt fractionation, or two stage 
chromatography at pH 6 5-6 and 4-4 6, effect 
similar degrees of concentration, the resmous pro 
ducts being fully active m hatching eelworm cysts at 
dilutions of 1 m 10’ 

2 Tile composition and chemical properties of 
the most highly purified hatchmg factor concen 
trates are discussed 
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plants necessary for the mvestigation 
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The Potato Eelworm Hatching Factor 

4 SOLANUM NIGEUM AS A SOURCE OF THE POTATO EELWORM HATCHING FACTOR 

By P B RUSSELL, A R TODD aitd W S WARING 
Chemistry Department, Umtcrsity of Manchester, and Chemical Laboratory, 

University of Cambridge 

{Received 8 April 1949) 


It has been knovm for some tune that the root 
excretion of several species of Solanum stimulates 
the hatchmg of larvae from the cysts of the potato 
eelworm, Heterodera rostochiensis (Franklin, 1940) 
The isolation of the acti\ e prmciple m root excretion 
and the mvestigation of its chemical nature was 
first attempted, usmg the leachmgs from potato 
plants (Hurst, 1936, 1937), but the method of pro- 
duction was cumbersome and a more convenient 
source of material was found m tomato plants The 
tomato plants were more easily grown mdoors than 
potatoes, and ga\e a very active excretion As work 
on the chemical nature of the active prmciple de- 
veloped (Calam, Raistrick & Todd, 1949, Marrian, 
Russell, Todd & Warmg, 1949), greater demands 
were made upon production of startmg material for 
the mvestigation, and necessitated the growing of 
many thousands of tomato plants durmg a season 
It became clear that if the scale of the work con 
tmued to expand a new source of root excretion, 
which could be easily and cheaply grown out of 
doors on a large scale, would bo welcomed to replace 
the growmg of tomato plants under glass With this 
end m view, a small scale outdoor experiment with 
Solanum nigrum was earned out durmg 1943 at the 
suggestion of Sir E J Salisbury, F R S , who also 
very kmdly supphed the seeds, and the yield, 
quahty and nature of tlie root excretion were 
exammed 

]\IETHODS 

The growing and leaching of Solanum 
mgrum plants 

The plants were grown from seed m two tra 3 ^ A and B (each 
4 X 3 ft ) havmg an mclmed base of asbestos board which 
facditated rapid dramage of leachmgs mto a gutter of the 
same material leadmg to a large coUectmg jar A layer of 


broken brick (J m deep) was laid at the bottom of each tray, 
and this was covered with a mixture of garden soil and sand 
(tra 3 ^ A contamed 2 parts soil to 1 part sand to a depth of 
4-5 m and tray B 4 parts soil to 1 of sand) The seeds were 
sown m April 1943, m rows 6 m apart, and the scedhngs 
thmned out 0 weeks later, loavmg about 120—130 plants m 
each tray Towards the end of Jimo, when the plants were 
4 m high and growmg ngorously, they were well watered 
and a sample of leachmgs tested for activity by the method 
already described (Calam el al 1949) The leachmgs proved 
to be highly active, hatchmg 683 larvae from 60 cysts during 
3 days It was therefore decided to begm regular leachmg of 
the plants at once 

The plants wore leached early in the mommg on alternate 
days, and the leachmgs treated at once with activated 
charcoal (Bntish Drug Houses Ltd , ‘for decolorizing 
purposes’, 1 g /I ), shaken and left to settle On the followmg 
day the bulk of the liquid was decanted from the charcoal, 
which was then sucked fairly dry on a Buchner funnel The 
moist charcoal was allowed to accumulate until the end of 
each week and was then eluted with aqueous acetone 
Watermg was controlled so as to give about 3-41 of 
leachmgs fixim each tray every alternate day In actual 
practice, however, this volume was rather vanable as the 
plants were unprotected irom the weather, and durmg ramy 
penods the trays were hable to be almost completely depleted 
of their content of hatchmg factor The leachmgs were a very 
pole yellow and had pH 7 

RESULTS 

Elution of charcoal 

The accumulated moist charcoal on. which the 
active factor was adsorbed was eluted each week with 
aqueous sicetone (70parts acetone to 30 ports water) 
About 40 g of charcoal were stirred four tunes with 
100 ml aqueous acetone and the yellow filtrate con 
centrated below 30° under reduced pressure, and 
finally evaporated to dryness m a desiccator The 
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crude solid eluate was a brown resmous powder and 
had a high activity when tested agamst an arbitrarily 
chosen ‘standard sohd’ eluate from tomato plants 
(cf Calam et al 1949) As will be seen from Table 1 
the Relative Activity (b A ) of the crude eluate from 
tray A was very high durmg the early period of 
growth (b a 20-30) and gradually decreased after 
the plants had reached maturity The weight yield 
of crude eluate per htre of leeichings also showed 
a gradual decrease throughout the experiment, 
except m the last recorded week which showed 
a large mcrease m weight yield As this mcrease 
occurred m the case of both trays at the same date, 
it was probably due to the exceptionally heavy ram 
fall during the previous week The wet weather 
durmg September brought the experiment to a pre 
mature close, although it is doubtful whether much 
more could have been expected from the plants even 
if the weather had been more favourable 

The yield of crude sohd from tray A was better m 
weight and activity than that from tray B (Tables 
1 and 2) This may have been due to a variety of 


Oonce7itraiion of hatching factor 

The purification of the crude sohd eluate was 
carried out by applymg the procedure which had 
been developed for the concentration of root 
excretion of tomato plants by Maman et al (1949) 

The crude sohd (2 3 g ) was dissolved m water, acidified 
with dilute HjSOi and extracted contmuously with peroxide 
free ether for 12 hr The moist ether extract (160 mh) was 
put directly on to a column prepared from 20 g sdica gel 
moistened with 8 ml 30% phosphate buffer, pH 6 0 After 
washmg with wet ether ( 160 ml ) the column was (framed and 
eluted by stirrmg with aqueous acetone (1 1) Evaporation 
of the ether runnings and washmgs gave 90 mg of sweet 
smelling oil, probably terpene material, while the acetone 
eluate yielded 76 mg of clear yellow ream, B.A 160 

Bructne aaltfradtonahon The active concentrate from the 
chromatogram was dissolved m water (10 mL) and shaken 
with brucme (260 mg ) The nndissolved brncme (100 mg ) 
was filtered off, and the filtrate extracted by shaking several 
tunes with CHCl, Evaporation of the CHClj extract gave 
220 mg brncme salts which were dissolved methanol (2 6 ml ) 
and a httle msoluble matter spun off Addition of ether 


Table 1 Details of hatching factor production from Solanum mgrum {tray A) 



Volume of 

Wt moist 

Wt crude 


Wt crude 

Week 

leaohmgs 

charcoal 

eluate 


eluate 

ending 

0) 

(g) 

(nig) 

B,A 

(mg A-) 

8 July 1943 

11 6 

42 

206 

24 

18 

17 July 1943 

12 

28 

130 

28 

11 

23 July 1943 

13 6 

38 

160 

32 

12 

31 July 1943 

16 6 

41 

133 

10 

9 

6 Aug 1943 

18 

42 

168 

20 

9 

14 Aug 1943 

18 

60 

161 

7 

9 

26 Aug 1943 

27 6 

76 

173 

7 

6 


(Heavy ram all week ending 1 Sept 1943) 



13 Sept 1943 

19 

60 

238 

11 

13 


Total 1368 


Table 2 Details of hatching factor production from Solanum mgrum {tray B) 



Volume of 

Wt moist 

Wt crude 


Wt crude 

Week 

leaohings 

charcoal 

eluate 


eluate 

endmg 

(L) 

(g) 

(mg ) 

B A 

(mg /I ) 

24 July 1943 

9 

26 

123 

— 

14 

30 July 1943 

17 

67 

183 

18 

11 

6 Aug 1943 

11 

26 

103 

10 

9 

14 Aug 1943 

14 5 

40 

137 

3 

9 

26 Aug 1943 

27 5 

81 

166 

3 

0 


(Heavy 

ram all week endmg 1 Sept 1943) 



13 Sept 1943 

17 

66 

241 

6 

14 


Total 943 


reasons Trav A ivas planted some 3 weeks enrber 
than trai B and contamed rather more plants The 
plants m tray A therefore had a more favourable 
growmg period as the later part of the summer wns 
rather wot and cold Another difference between the 
two travs wns that B contamesi less sand than A, 
and conseqiicntlv dramed more slowly The total 
Yield of crude eluate obtamed fixim both trays 
(251 plants) during the experiment was 2 3 g 
Bioohcm 1949, 46 


caused no precipitate, so a large excess of hght petroleum 
was added (20 ml ) and the precipitated brucme salt (03 mg ) 
was collected and analysed, K A 36 (Found m material 
dried in vacuo over PiOj at 100° C, 65 1 , H, 0 5, X, 6 8 % 
Average value for correspondmg product from tomatoes 
C, 63 4, H, 6 6, M, 61%) 

Preparation of the inadiraiedfrte acid The purified bnuune 
salt (60 mg ) was dissolved m water, acidified with dilute 
H^Oj and extracted contmuouslv with ether for 20 hr 
Evaporation oftheetherextractleft 16 mg office acid which 

34 
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was inactive (Found m mntenal dned tn vacuo over PjOj at 
50“ C, 60 0, H, 61, N, 2 0% Average value for corre 
sponding product from tomatoes C, 56 4 , H, 6 1 , N, 1 8 % ) 

CONCLUSIONS 

The growing of Solarium nigrum out of doors -mth 
the minimum amoimt of attention yielded n root 
excretion wluch was higldy active m hatchmg larvae 
of the potato eelworm from their cj'sts Un 
fortunately, the rapid growth and short growmg 
period of the plants did not permit more than about 
9 weeks’ leaclungs to bo collected The active 
principle from S nigrum root excretion could bo 
concentrated by the same procedure as was used for 
tomato root excretion, but the limited number of 
analyses on the brueme salt and free acid did not 
justify the deduction that the active prmciple from 
S ntffrum was idoatieal with that abtamed from 
tomatoes Nevertheless, makmg allowance for the 


1949 

non crj^talhnc character of the products, the great 
similarity in general properties w ould make it appear 
probable that the S nigrum factor is either identical 
mth that obtained from tomatoes or some very 
closely related substance 

STOUIARY 

1 Solanum nigrum grovra out of doors jnelded 
a root excretion which v ns highly nctiv e m hatching 
potato eelworm cv^sts 

2 Concentration of the active material m tins 
excretion gave a product v Inch was closely simdar 
to the correspondmg product from tomato root 
excretion in its properties The active pnnciple m 
the two eases may well bo identical 

Wo arc grateful to Impenal Chemical Industnes Ltd , and 
to tho Agncultuml Research Couneil, for grants in aid of 
this work Wo wish to thank Sir E J I'^alisbury, F R S , for 
his interest and ndneo 
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The Potato Eelworm Hatching Factor 

6 ATTEMPTS TO PREPARE ARTIFICIAL HATCHING AGENTS 
PART I S05IE FURAN DERWATIVES 


By P B RUSSELL, A R TODD Aim W S WARING 
Chemical Laboratory, University of Cambridge 

{Received 8 April 1949) 


From the tune when it became clear tliat higldy 
active concentrates of the potato eelworm liatclung 
factor prepared from tomato root excretion possesses 
both acidic and lactomc properties (Calam, Todd 
<fc Warmg, 1949), synthetic experiments have been 
carried out alongside work on the natural factor m 
the hope that simpler substances might be prepared 
wluch would show hatching activity and which 
might be of practical mterest m controlhng eelworm 
infestation m potato crops Tlie examination of a 
number of tetromc acid derivatives has been de- 
scribed m a previous paper (Calam, Todd & Warmg, 
1949) , the present commumoation deals with experi 
ments on the synthesis of a number of lactones 
containing furan nuclei, such compounds bemg of 
interest, smee it seemed probable that the natural 
hatclung factor contamed heterocychc oxygen 


In commencmg studies m the furan series an 
attempt was made to oxidize furitacomc acid 
(furfuryhdenesuccuuc acid) to )3 hydroxy )5 car 
boxy-y 2 furylbutanohde by means of potassium per 
manganate or monoperphthaho acid without result, 
this was unexpected m view of the ease with which 
itacomc acid yields hydroxyparacomo acid on 
Bumlar treatment Condensation of furfural with 
laevuluuc acid m presence of sodium acetate gives 
a 10% jneld of ^ furfuryhdene laevuhmc acid 
(Kehrer & Kleberg, 1893) Replacement of sodium 
acetate by piperidine failed to give any condensation 
and sodium hydroxide gave sticky products, with 
piotassium acetate, however, yields of about 30 % 
were obtamed No condensation occurred between 
furfural and ethyl laevuhnate m presence of pipen- 
dme, but with sodium hydroxide ^ furfuryhdene- 
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laeviiliruc acid was produced in moderate yield shows hatchmg activity had suggested other possible 

Reduction of ^ furfuryhdene laevuhmc acid with lines of development 
sodium amalgam gave, according to conditions, 
j3 furfuryl laevuhnic acid (I) or p furfuryl-y methyl 

butanolide (H) Attempts to prepare analogous EXPERDIENTAL 

compounds by condensmg ethyl 6 methyl 2 formyl- ^ Furfuryl latwXxnxcacid /3 Forfurylidene laevaliiucacid 

furan 4 carboxylate with laevuhmc acid faded (2 g ) was dissolved maqueonaNaOH( 10 ml of3H),dduted 




CondensationoffurfuralwithA'^ f angehoalaotone 
gave a furfurylidene-y methyl f -biUenoltde (EH), 

hydrolysed to a furfuryhdene laevuhmc acid and 
reduced by sodium amalgam to a furfuryl-y methyl 
bulanohde On refluxmg a furfuryhdene laevuhnic 
acid with acetic anhydride it was reconverted to (lEl) 
m good yield In similar fashion ethyl 6 methyl 2 
formylfuran 4 carboxylateandA*’ T angehcalactone 
ga\ 0 a (5 methyl - 4 carbcthoxyfwfuryhdeiie) y 
methyl A^ ? butcnohde (IV) Tins lactone was readily 
hydrolysed to a (6 methyl 4 carboxyfurfuryhdene) 
laevuhmc acid, winch gave a (6 methyl i-carboxy 
furfuryhdene)^ methyl A^ T butcnohde on refluxmg 
with acetic anliydnde On reduction with sodium 
amalgam the origmal lactone (RC ga\ e as the only 
pure product a (5 methyl 4 carboxy furfuryl) laevu- 
lime acid Attempts to condense furfural with ethjl 
sodio-oxaloacotate gaie onl\ resmous products, 
although benzaldehyde condensed readily enough, 
vielduig the crs'stallme a hydroxy P-carbethoxy-y 
phenyl A“ butenohde (V , ci Gault <i. Durand, 1943) 
All the abo\e lactones and the corresponding 
Inoinlimc acid dermitn es were tested for hatelimg 
actiiutj on potato eolworm c\'sts bv the teclmique 
described elsewhere (Calam,Raistnck<!LTodd, 1949), 
but m no case was anj actmtv detected Further 
siTithotic work m this senes was therefore abandoned, 
especiallv os the disco\ en tlint anhj drotetromc acid 


With water (200 ml ) and Na amalgam (60 g of 4 % , 2 mol ) 
added with shakmg After a time the eolution became 
colourless and it was then acidified, extracted with ether and 
the extract dried and evaporated The crystalline product 
Was purified by sublimation at 70°/10~^mm (bath temp ) 
Colourless needles, mp 98-99° (Found C, 60 8, H, 6 2 
requires C, 61 2, H, 6 1 % ) 

P Furfuryl y meihylbutanolide p Furfuryhdene laevuhmc 
acid was dissolved m aqueous NaOH (60 ml of 3lf) and 
excess Na amalgam (160 g of 4%, 6 mol ) added. The 
mixture, which became colourless m 1 hr , was shaken over 
night and then acidified and extracted with ether The 
ethereal extract was thoroughly washed with NaHCOj and 
water, dried and evaporated The residual lactone (1 8 g ), 
a colourless oil was purified by distillation and had b p 70— 
76°/10“*mm (bath temp ), at atmosphenc pressure it had 
bp 230° (Found C, 66 2, H 6 7, equiv (lactone), 183 
C,„HuO, reqmres C, 66 7 H, 6 7% eqniv (lactone), 180 ) 
On refluxmg the lactone with hydrazme hydrate m ethanol 
it yielded the hydrazide of y hydroxy j3 fnrfurylvalenc acid 
crystallizmg ^m ethyl acetate as colourless plates, 
m p 133-134° (Found N, 13 6 CjoHjjOjN. requires N, 
13 2%) 

a Furfurylidene-y methyl A® r butcnohde A mixture of 
furfural (I g ) A® angehcalactone (I g ) and pipendmo 
(6 drops) was warmed on the steam bath for 1 hr and then 
allowed to cool The yellow sohd was washed with a httle 
ether and recrystallized from methanol The yellow needles. 
Imp 78-79°, had a shght brownish tmgo which could be 
removed by subhmation in vacuo (Found C, 68 0, H, 4 7 
C,olI,0, requires C, 68 1, H, 4 6% ) 


34-2 
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a Furfuryhdene Zaeimlintcacid Tlieabovelacton6(lg >^8 
refluxed with excess methanoho KOH (3 %) during 3 hr 
Most of the methanol was then distilled off and the residue 
(Muted with water and aoidified The yellow oil which 
separated was dissolved m a minimum of hot aqueous ethanol 
On ooolmg a furfurylxdene laevulintc acid separated ns 
colourless needles, m p 126-126° (Pound C, fl2 3,H, 6 4 
CijHioO^ requires C, 61 8, H, 5 1% ) On refluxing with 
acetic anhydride (3 ml ) for 2 hr the acid (0 1 g ) was 
reconverteii to the above butenohde (0 00 g ), m p 78-79° 
a Furfuryl y methylbuianohde The above unsaturated 
lactone (2 g ) was dissolved m aqueous ethanol (60 ml of 
90%) and Na amalgam (160 g of 4%, 6 mol ) ncided The 
mixture was shaken nntd (xilourless (about 1 hr ) then 
acidified and ethanol removed by evaporation under reduced 
pressure The residual solution was extracted with ether and 
the extract washed with NaHCO,, dned and evaporated 
The pale yellow residual od distiUed at 86°/10~^ mm (bath 
temp) (Pound C, 66 4, H, 6 6, ecpuv (lactone), 180 
requires C, 66 7, H, 0 7%, eqmv (lactone), 180 ) 
Refluxed with hydrazme hydrate m ethanol the product 
gave the hydrazide of y hydroxy a furfurylvaleno acid as 
colourless needles (ethyl acetate), m p 138-139° (Pound 

G, 66 6, H, 7 6, N, 13 8 CioHuOjN, requires C, 66 8, H,7 6, 

N, 13 2% ) 

Flhyl 5 meihyl 2 formylfuranA carboxylate Prepared by 
oxidation of ethyl 6 methyl 2 (d arabotetrahydroxybutyl) 
faran-4-oarboxylate (West, 1926, Gonzalez, 1934), the aide 
hyde had m p 66° and gave a 2 4-dimtrophenylhydrazone, 
m p 220-221° Unknown to us at the time this work was 
earned out, it had also been prepared by MtUler Varga 
(1939), and was subseijaently desonbed by Jones (1946) 

(X {5 Methyl-4, caTbeihox^uTfuryUdent)-y meihyl v 
btUenoUde Prepared m similar fashion to the analogous 
a furfuryhdene lactone by condensmg ^ angehcalactone 
with ethyl 6 methyl 2 formylfuran-4-carboxylate Yellow 
needles, m p 143-144° from methanol (Pound C, 03 8, 

H, 6 4 CijHijOj requires C, 04 1 , H, 6 3 % ) Reduction m 
aqueous ethanol with Na amalgam m the usual manner gave 
a (6 MeihylA-carboxyfurfuryl) laemhntc acid crystalhzuig 
from water m colourless needles, m p 126-129° (Pound 

O, 664, H,66 CiiHuOsrequires C, 66 7, H, 6 6% ) Treat- 
ment of the gummy neutral fraction (which gave a positive 
Legal reaction) frnm the reduction mixture with hydrazme 


1949 

gave a colourless product, m p 218-219°, which from 
analysis appeared to bo the pyndazine (orrospondmg to 
a (6 methyl-4 carboxyfurfurj'l) laevidimo acid (Pound 
C, 67 7 , H, 6 6 , N, 1 1 0 Cj.HnOiNj requires C, 67 0 , H, 6 6 , 
N,112% ) 

a (6 Meihyl 4 carboxyfnrfuryhdene) laevuhntc acid The 
foregoing ester lactone (0 6 g ) was refluxed with methanoho 
KOH (3 %)for3 hr , the bulk of the methanol removed under 
reduced pressure and the residue dduted with water and 
acKhfied The octd separated from aqueous ethanol as a 
yellow mieroctystallme powder, m p 225-226° (Pound 
C, 67 4, H, 6 0, eqmv, 126 requires C, 67 1, 

H, 4 8%, eqmv, 126) 

a (6 Methyl 4 carboxyfurfuryhdene) y methyl ^ 
butenohde The above acid (0 6 g ) was refluxed with acetic 
anhydride (3 ml ) durmg 4 hr The mixture was poured mto 
ice water and the brown solid product ciystalhzed several 
times from methanol Small yellow needles, m p 219-220° 
(Pound 0,616, H, 41 Cj HioOsiequircsC, 61 6,H,4 3% ) 

a Hydroxy j8 carbeihoxy y phenyl A“ ^-butenohde Ethyl 
sodio oxaloacetate (4 30 g , 1 mol ) was ground to a paste 
ivith ethanol (7 ml ) and water (20 ml ), the mixture cooled 
mice and a solntionoffresMy distilled benzaldehyde (2 12 g , 
1 mol ) in ethanol (6 ml ) added After 30 mm the reaction 
mixture was removed from the ice bath and left overnight 
at room temperature Acidification with HCl gave an od 
which was taken up in ether, the extract freed finm any 
unchanged benzaldehyde with NaHSO,, washed and 
evaporated The sohd rcsidne crystallized from aqueous 
methanol in colourless needles, m p 104-106° (Found 
C, 62 7, H, 4 8 Ci 5 H ,405 requires C, 62 9, H, 4 8% ) The 
compound gave a positive reaction with PeClj, hut had no 
ketomo properties 

SUjMMARY 

A number of substituted Inctones nnd Inevulinio acid 
derivatives containing fumn nuclei have been sjm- 
thesized None of the compounds showed any 
activity when tested as hatchmg agents for the 
potato eelworm 

The authors’ thanks are due to the Agncultural Research 
Couned nnd Impenal Chemical Industries Ltd for their 
support of this mvestigntion 
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6 ATTEMPTS TO PREPARE ARTIFICIAL HATCHING AGENTS 
PART n SOME ACTIVE ARYLIDENB v-BU'TENOLIDES AND RELATED COJIPOIINDS 

By D H MARRIAN, P B RUSSELL aot) A R TODD 
Chemical Laboratory, University of Cambridge 

{Received 8 April 1949) 

In a pre\nouB paper (Russell, Todd & Waring, 1949) being replaced by a methylenedioxy group) As pre- 
the synthesis of a number of furan derivatives for vtously reported, the same general method has been 
examination as possible hatcbmg agents for cysts of utilized for the preparation of unsaturated lactones 
the potato eelworm {Heterodera rostochiensia WoUen containing furan nuclei (Russell ei al 1949) 

weber) was reported None ofthese materials showed Condensation of p hydroxybenzaldehyde with 

any activity , mdeed, out of a large number of sub A^ ^ angehcalaotone m the absence of solvent but m 
fttancea, both, syntbotio and. natural, balongvng to ptosence of a httle pipatidine, tnetbylamme or 
a wide variety of chemical tj'pes, only anhydro methylmorphohne, gave a (p hydroxybenzylidene)- 
tetromc acid (I) showed any appreciable activity y methyl A® butenolide (H, iJ = OH, R' = H) With 
(Calam, Todd A Warmg, 1949) In the course of ni hydroxybenzaldehyde the reaction had to be 
establishmg the structure of anhydrotetromc acid earned out m ethanol as solvent, when a (m hydro 
(Moman, Russell, Todd A Warmg, 1947) it was xybmzyltdene)-y methyl Afi t butenolide (H, i?=H, 
shown that y substituted tetromc acids do not yield B' = OH) resulted , under other conditions only a 
substituted anhydrotetromc acids, so that the more resmous product was formed Protocatechmo alde- 
obvious homologues and analogues of (I) are not hyde gave a (3 4:-dihydroxybemylidene)-y methyl- 
readily obtamable In these circumstances the A^ butenolide (11, R = R' = 03.) Condensation of 
search for synthetic hatching agents was directed to o hydroxyaldehydes did not pve compounds of 
the preparation of rather different types of com- type n, but gave 3 acetonylcoumanns (Maman & 
pounds, the molecules of which, however, contained Bussell, 1946) The preparation of o hydroxyaryh 
conjugated S5^tems analogous to that present m denebutenohdes corresponding to (11) was attempted 
anliydrotetromc acid, e g compounds based on without success by other methods, e g preparation 
a arj'hdene A^ ^ butenohdes The present memoir of a butenohde m winch the o hydroxy group was 
desenbes some of tlus work which has led to the blocked by an acid labile group such as methoxy- 
diBcovery of several biologically active compounds methyl, followed by acid hydroljrsis, faded, although 



(HI) 


a (p Mothoxj'benzjhdeiiel-y methyl A® i” buteno the product obtamed by condensation of p methosy- 
lido (U, i? = 0'\Io, R' = H) uas first prepared by methoxy benzaldohyde with A® angelicalactone 
Thiele, Tischbcm A LOssow (1901) by condensation ga\e an excellent yneld of (H, Ji = OH, B' = H) on 
of nnisnldoh's do mth A^ ^ nngelicalactone m the acid hy drolysis 

presence of a base Condensations of this typo were p Acetamidobenzaldeln de and A^ ^-angehcalac- 
also carried out b\ \on Oettmgen (1930), who pre tone m the presence of base, with or without sohent, 
parodnmunberofcompoiuidsincludmg(II,i? = OH, ga^o a {p-acetamidobcnzyhdcnc)-y methyl A^ ^ bute- 
R =0^lo), (II, R = R =0'Me) and (D, R and R^ iie(idc(H,J?=NHAc,JJ^=H) p Ammobenzaldehyde 
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m ethanol gave under the same conditions a (p 
aminobenzylidene) - y - methyl - butenolide (II, 
It = NH. , ' = H) , the constitution of this compound 

was proved by acetylation with acetic anhydride, 
which gave (II, JJ = NHAc, = identical with 
the sample prepared as above With succmic 
anhydride (11, R = NHj , JB' = H) gave a (p auccin- 
amidobenzylidene) y - methyl - butenohdc (11 , 
jB= NHCO(CH 2 )jCOOH, = and with benzene 
sulphonyl chloride a (p benzenesidphonamtdobenzy 
ltdene)-y methyl A^ y biitenoltde (II, iB = PhS02NH, 
= was formed Two cmnamyhdene lactones 
were also prepared Despite reports to the contrarj”^ 
(von Oettmgen, 1930), cmnamaldehyde condensed 
with y angehcalactone to give a ctnnamylidene 
y-meihyl A^ y butenolide (III, R=H) p Hj'droxy 
cmnamaldehyde (Pauly & Wascher, 1923) did not 
appear to condense, butp acetanndocinnamaldcJiyde, 
prepared by condensation of acetaldohj'de with 
p acetamidobenzaldehyde m presence of potassium 
hydroxide, gave a (p acctamtdocnnnamylidene)-y 
methyl- A^ y butenolide (HI, R = NHAc) 

Other compounds prepared for testmg were (11, 
i2 = OH, U'=OMe) (von Oettmgen, 1930), p liy 
droxybenzyhdeneacetone (Zmcke &, JIulhausen, 
1903), 0 hydroxybenzyhdeneacetone (Harries, 1891), 
m hydroxybenzyhdeneacetone, 3 o liydroxj'benzy 
hdene 2 4 diketochroman (SuUivan, Huebner, Stali- 
mann, & Lmk, 1943), )3 (p hydroxy benzoyl) pro 
piomc acid (Swam, Todd & Warmg, 1944), methyl- 
p-hydroxycmnomate (Fischer <i, Noun, 1917), the 
amide of p hydroxj''cmnamic acid, 7 hydroxy 4 
methylcoumarm (von Peclunann & Cohen, 1884) and 
7-hydroxy 3 aoetonylcoumarm (Maman A Russell, 
1946) Attempts were also made to condense 
1 acetoxy 4 formylbutadiene 1 4 (glutacondialde 
hyde enolacetate), 4 hydroxy 1 -naphthaldehyde 
and mdole 3 aldehyde with A® ’’ angehcalactone, 
but no identifiable product was obtamed m any of 
these cases 

Most of the above compounds were tested as 
hatchmg agents for potato eelworm cysts, usmg the 
techmque already described (Calam, Raistriok & 
Todd, 1949) The results are shown m Table 1 
In view of the weak activity shown by certam 
compounds of type (II) it seemed of mterest to 
prepare and test a number of analogously con- 
stituted oxazolone derivatives of general formula 
(IV) For the preparation of such compounds the 
weU-estabhshed oxazolone synthesis from aromatic 
aldehydes and N acylglycmes was employed p Ace 
taimdo benzaldehyde and luppuno acid gave 2 
phenyl 4 (p-acetamidobenzyhdene) oxazolone 5 (IV, 
jB= — NHA c, i?' = Ph), with N caproylglycme, 2 n 
amyl 4 - (p acetamidobenzylidene) oxazolone - 6 (IV 
R = — ^NHCOCHj ,R' = n CjHjj) together with a (N 
caproylamino) - p - acetamidocmnamic acid (V, 
R = — NHAc, R' = — COCjHii) resulted Condensa 
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tion of p acetamidobenzaldehyde with N acetyl- 
glycme gave an imidentified red acid CijHijOtN,, 
m p 246-7° 

Table 1 Activity of synthetic substances as hatching 
agents for the potato eelworm 

( + -I-, active at concentrations, about 1/6000 to 1/10000, 
+ , active at concentrations, about 1/1000 to 1/6000, 
±, active at concentrations, > 1/6000 but vanable hatches 
obtained, -, inactive) 

Substance Activity 

Anhj'drotctronic acid -i- 



\o/ 


P = OH,P' = H + + 

R=miAc,R'=K + 

iJ=NH.,P' = H 

P = OH,'P =OMc ^-1- 

P = H,P=OH 

P=P'=OH ± 

if— CH = CH CO CHj 
RR' 


if = OH, i?'=if' = H 

± 

R=R’=H, R' = OE 


if=if'=H, Jf' = OH 

- 

HO— CO CHj CHj CO OH 

a. 


7 HydroTy-4 mothylcoumann 

7 Hydrovj 3 acctonylcoumann - 

Methj] p hydroxj emnamato 

Amide of p hydroxycinnanuo acid - 

* 3 (o Hj droxybenzyhdene) 2 4 diketo - 

ohroman 

* a {p Acetamidoomnamyhdcne) y methyl A^ - 
butenolide 

* Very low solubihty 

Condensation of the methoxymethyl ether of 
p hydroxj’^benzaldehj^de with hippunc acid ga\ e 
2 phenyl 4 (p methoxymcthoxybcnzylidene) oxxizo 
lone 6 (D^, J? = — OCHOMe, if' = Ph), winch was 
hydrolysed by a httle sulphunc acid m 20 % aqueous 
acetic acid to a-benzamido p hydroxycmnamic acid 
(V, Jf = OH, if' = COPh), apparently identical with 
Erlenmeymr & Halsey’s (1899) preparation Subhma- 
tion of tins material in vacuo at 200 ° gave 2 phenyl- 
4 (p hydroxybenzylidene) oxazolone 6 (IV, R = OH, 
R' = Ph) , a second route to tins compound was the 
hydrolysis of (TV, i? = OCH 30 Me, Jf'' = Ph) with a 
small amount of H 2 SO 4 m glacial acetic acid The 
methoxymethj'l ether of sahcylaldehyde ga-ve 
2 phenyl 4-(o methoxymethoxybenzylidene) ovazolone- 
6 with hippunc acid On hydrolysis with concen 
trated HjSO^ m 20 % aqueous acetic acid, the com- 
pound gave 3 benzamidocoumorm (AH), identical 
with a specimen prepared by the method of Erlen- 
meyer & Stadlm (1904) Condensation of these 
methoxyrmethoxybenzaldehydes with N acetylgly- 
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cme gave no identifiable product, although con- 
densation of anisaldehyde and N acetylglyeine gave 
the expected product (IV, 2? = OMe, i?' = CH3, cf 
Sugasawa & Tsuda, 1936) Compounds (IV, 
B= — ^NHAc, J?'=Ph) and (IV, i?= — NHAc, 
iJ'=n C5H11) ■were tested, but were very msoluble 
and appeared to be mactive (IV, B = OH, B' = Ph) 
was agam very insoluble (1/10,000) in water and 
showed no activity at this great dilution 


the derivatives of p hydroxycmnaamc acid and m 
the oxazolones exanuned is evidence pomtmg m the 
same direction, smce these compounds appear to 
satisfy the requirements as far as the conjugated 
system goes The inactivity of o hydroxyben- 
zyhdeneacetone, which contams the system 

HO— (C=C),— CO— . 

although at first sight surprising, may be due to the 



The biological test results recorded m Table 1 
show that the p hydroxy compounds (H, B = OH, 
JS' = H), (H, iJ = OH, A' = OMe) and (H, A = A' = OH) 
show defimte if weak activity as hatching agents 
It 18 noteworthy that the corresponding m hydroxy 
compound (H, B — H, B' = OH) is quite inactive p 
Hydroxybenzyhdenoacetone and p {p hydroxybeii 
zoyl) propionic acid also show some activity, wlule 
p hydroxyacetophenone, which was also tested, 
showed a doubtful activity The p amin o compound 
(n, i2=NH3, 2J' = H) was mactive, but replacement 
of the ammo group by the feebly acidic acetamido 
group as m (H, B= — NHAc, i?'=H) gave an 
active substance Extremely lowsolubihty made the 
testmg of (H, J? = NHC0(CH3)5C00H, P' = H) and 
(H, Ji=NHSO;Ph,i?' = H)impossible Examination 
of the structure of the active compounds shows that 
they contam m common with anliydrototromc acid 
a weakly acidic group jomed tluough a conjugated 

sj stem to a ^C=0 group, 1 e HO — (C=C)„ — CO — 

or PCONH — (C=C);^CO — Such systems when 
ionized m ould exist ns resonance hybrids, the 
negatn o charge making its appearance at both ends 
of the sj’stem — a state of affairs conduciie to 
hvdrogeii bonding, \\ Inch may well play a part m 
attachment of the hatchmg agent to some specific 
protein in the celworm ci-sts Vfiulst this may bo 
a factor m detonnnung wliethcr a compound can 
displai actnitijitisendentlj not bi any moans the 
onh one, ns can be seen from the coinparatii eh 
enormous actinti of the natural material and its 
high spccificiti 'Moreoier, the lack of actiiitj m 


fact that this compound normally exists m the 
tj) base form VH (Decker & von Fellenberg, 1909) 

In passing, it may be observed that the degree of 
activity of the compounds may be expressed m 
a shghtly different way fifom tliat given m Table 1 , 
anhydrotetromo acid exhibits full hatchmg activity 
m water at a dilution of about 1/2000 and a (p 
hydroxybenzyhdene)-7 methyl r butenohde (H, 
ii = OH, jB' = H) at a dilution about 1/7500 These 
activities are much too low for the compounds to 
have any practical value (purified concentrates of 
the natural hatchmg factor show equal activity at 
dilutions of 1/10’), but m view of the high specrficity 
we consider that the results are sigmficant and can 
form a basis for further synthetic work 

EXPEREMENTAL 

o (p BydroxyhmzyUdcnt) y methyl r- huttnohdt 
p Hydroxy^nzaldehyde (I 2 g , 1 mol ) and A^ z angeli 
calactono (0 08 g , 1 mol ) were mixed together and 
warmed until hquid Pipendmo (2-3 drops) was added to the 
mixture and the whole warmed on a steam bath for 15 mm 
More pipendmo (3 drops) was added and the mixture allowed 
to stand overnight, then dissolved in ether and the solution 
washed with dilute HCl, water, and dned o\ er NajbO< The 
ether was removed and the product rccrystalhred from 
benzene ginng deep yellow needles, m p 133—134° (Found 
C, 71 1, H. 6 3 C„H,oO, reqnnes C, 71 4, H, 6 0% ) The 
substance gives a bnck red colour with NaOH, no colour 
with FcCl, and no Legal reaction 

a (m nydroiybenzyhdcne) - y - mdhyl A® z bulenoltde 
m Hj droxvbenzaldchyde (1 2 g , 1 mol ) and A^ z angeh 
calactono (0 98 g , 1 mol ) were dissolved in absolute 
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ethanol (10 ml ) and tnethylamine (6-10 drops) added Tlio 
mixture was refluxed for 6 hr , the solution cooled and water 
added imtil it became opalescent On aUowmg to stand 
crystalline material separated, which on recrystaUization 
from aqueous ethanol gave pale yellow needles, m p 134° 
(Found C,709,H,60 CijHjoOjrequiresC, 71 3,H,4 9% ) 

a - (3 4 - DihydroxybenzyUdene) y methyl y buteno 
ltdt. Protocateehmc aldehyde (2 8 g ) and v angehca 
lactone (1 96 g ) were mixed with tnethylamme (6 drops), 
the imxture v armed for 30 mm on a steam bath and allowed 
to stand overnight The imxture was dissolved in ether and 
the ethereal solution washed with water and dilute HCl, and 
finally washed free from acid with water and then dried The 
ether was evaporated and the residual jeUow sohd re 
crystaUized from benzene The product had no definite 
ciystaUme form even under the microscope, but repeated 
recrystaUization from benzene left the meltmg pomt vm 
changed at 135°, analysis mdicated that it was probably 
a complex of the desired product with startmg matenal 
(Found C, 62 9, H, 6-0 Ci,HioOj 2C7H6O3 requires C, 63 1 , 
H, 4 6 % ) This matenal, after several recrystaUizations from 
water, gave the expected lactone as bnght yeUow needles, 
mp 186° (Found C, 65 9, H, 4 8 CijHioOi requires 
C, 66 0,H,4 6% ) 

Attemptsiopreparea (o hydroxybenzyhdtne) y methyl A^ y 
bjtienoltde While condensation of the methoxiunethyl ether 
of p hydroxvbenzaldehyde with A^ y angelicalactono under 
the above conditions gave an oil which on hydrolysis with 
dilute HjS 04 m 60% noetic acid gaie formaldehjde and 
a (p hydroxybenzyhdene) y methyl A® y butenohde, 
m p 134°, the condensation product from the mothoxy 
methyl ether of sahoylaldehyde and A^ ^ angehcalaotone 
gave, on acid hydrolysis imder the same conditions, a 
resmous product from which no pure compound could be 
isolated 

a (p Acetamtdobenzylidene) y methyl A® y butenohde 
p Acetamidobenzaldehyde (1 65 g , 1 moL) was mixed 
with A^ y angehcalactone (0 98 g , 1 moL) and pipendino 
(6 drops) added The mixture was warmed for 1 hr , allowed 
to stand for 3 hr , and then triturated with ether and the 
sohd recrystaUized from methanol It gave bnght jeUow 
needles, mp 196-197° (smtered 186°) (Found C, 69 6, 
H,68,N,60 CnHij03NrequiresC,69 3,H,6 4,]Sr,6 8% ) 
The condensation could be earned out just as effectively m 
absolute ethanol (26 ml for above quantities) using tn 
ethylamme as catalyst 

a (p Aminobenzyhdene) y - methyl A^ y bidenohde 
p Ammobenzaldehyde (1 2 g , 1 mol ) and A^ y angehca 
lactone (0 98 g , 1 mol ) were refluxed m ethanol (10 mL) 
with tnethylamme (6 drops) for 3 hr The solution was 
diluted with water untd it became opalescent, on coohng 
orange needles separated, m p 138-139°, after reorystaUiza 
tion from methanoL (Foimd C, 714, H, 66, N, 71 
CijHiiO.N requires C, 71 6, H, 6 5, N, 7 0% ) Treatment 
with acetic anhydnde gave a (p acetamidobenzyhdene)-y 
meth3d A^ y butenohde, identical with a sample prepared 
as above 

a (p Succinamidobemyhdene) y methyl Afi y buteno 
ltde a.-{p Ammobenzyhdene) y methyl A^ y buteno 
hde (1 0 g ) was weU mixed with succmic anhydnde (0 6 g ), 
the mixture warmed on a steam bath for 0 6 hr and then 
allowed to stand overmght at room temperature The sohd 
was extracted with saturated NaHCO, solution, the m 
soluble portion filtered off and the NaHCOj solution acidified 
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The precipitate was collected and washed with water, re 
crystallized from aqueous ethanol it gave brownish orange 
needles, mp 196-196° (Found C, 63 4, H, 4 8, N, 4 7 
CijHisOsN requires C, 63 7, H, 6 0, N, 4 7 % ) The NaHCO, 
insoluble portion was found to bo unchanged a (p ammo 
benzyhdeno) y methyl A^ y butenohde 

a (p BenzenesulphonamxdobenzyUdene) y methyl A^ y 
butenohde a {p ammobcnzjlidene) y methyl A® y 
butenohde (1 0 g ), bonzonesulphonj 1 chlonde (0 8 ml ) and 
pyndmo (6 ml ) wore warmed on a steam bath for 30 mm 
The mixture was poured on ice (30 g ), the solid washed with 
NaHCO, solution and roorystallized from ethanol givmg 
yellow needles, mp 200-201° (Found C, 63 1 , H, 4 4, 
N, 4 2 C,sH„ 04NS requires C, 63 4, H, 4 4, N, 4 1%) 
a Ctnnamyhdene y methyl A^ y butenohde Cmnamalde 
hj do (1 3 g ) and A^ y angehcalactone (0 98 g ) were mixed 
together with tnethylamme (3-4 drops) heated for 1 hr 
and then allowed to stand overmght The sohd which 
separated was filtered off and washed with ether, reciystal 
lized from ethanol it gave orange yellow needles, m p 139- 
140° Found C, 79 0, H, 6 8 CjjHjjO requires C, 78 8, 
H,6 7%) 

p Acetamtdocinnamaldehyde A solution of acetaldehyde 
(0 4 mh) m ethanol (16 mL) was slowly added to an ice cold 
stirred solution of p acetamidobenzaldehyde (1 0 g ), and 
ethanoho KOH (30 ml , 2 %) Stirrmg was contmued at 0° 
for a further 3 hr , the mixture exactlv neutralized, 
evaporated tn ractio and the residue extracted thoroughly 
with ether The extract was evaporated and the residual red 
oil dissolved m water (120 ml , with charcoal), filtered and 
set aside overnight The sohd which separated was recrystal 
hzed SOI eral times from water givmg deep yellow needles, 
m p 176-176° (decomp ) Found C, 69 7, H, 6 8, N, 7 7 
CuHijO,N requires C, 69 8, H, 6 8, N, 7 4% ) The sub 
stance gave a eemtearbazone, m p 229° (decomp ) (Found 
N, 22 3 CijHjjO.N, reqmres N, 22 8 % ) 
a-(p Acetamxdocinnamyhdene) y methyl - A^ v buteno 
hde. p Acetamidocmnamaldehyde (0 66 g ) and A^ y angeh 
calactone (0 31 g ) were mixed together and tnethylamme 
(3-4 drops) added The mixture was heated on a steam bath 
for 16 mm and allowed to stand overnight at room tern 
porature The semi crystallmB mass which separated was 
tnturated with methanol givmg orange pnsms, m p 203- 
206° On recrjstalhzation from the same solvent it had 
mp 204-205° (softens 196°) (Found C, 717, H, 6 4, 
N 6 2 Ci,H] 50,N requires C, 71 4, H, 6 6, N, 6 2% ) 
m Hydroxybenzyhdeneacetone m Hydroxybenzaldehyde 
(6 g ), acetone (20 ml ) and KOH (14 ml of 10 %) were left 
to stand at room temperature for 3 days The solution was 
acidified with HCl and the od extracted with ether After 
WBshmg with water and drying, the ether was evaporated 
and the residue recrystaUized from benzene givmg yeUow 
pnsms, nup 96-98° (Found C, 74 3, H, 6 3 CidHjoO, 
requues C, 74 1 , H, 6 2 % ) 

2 - Phenyl 4 (p acetamidobenzyhdene) oxazolone 6 
p Acetamidobenzaldehyde (3 26 g ), hippuno acid (3 68 g ), 
anhydrous sodium acetate (1 68 g ) and acetic anhydnde 
(6 1 g ) were heated together on a steam bath for 46 min The 
mixture was cooled and the orange sohd triturated with 
ethanoL filtered and recrystaUized from acetic acid, yeUow 
pnsms, mp 237-239° (Found C, 70 4, H, 4 7, N, 9 2 
CigHijOjN, requires C, 70 6, H, 4 6, N, 9 2% ) 

2 n Amyl 4 (p acetamxdobenzyhdene) oxazolone 6 
N Caproylglycme (3 0 g ) and p acetamidobenzaldehyde 
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(3 0 g ) were condensed as descnbod above and the resnlting 
Bohd on recrystaUization jErom methanol gave deep yellow 
pnsma, mp 141-142° (Found C, 68 2, H, 6 3, N, 9 4 
Ci,HjoO,N requires C, 68 0, H, 6 6, N, 9 3 % ) The mother 
hquora on dilution with water gave a substance which 
crystallized m pale yellow needles, after recrystalhzation 
from aqueous methanol it had m p 225-226° (decomp ) 
(Pound 0, 64 6,H,7 0,N, 9 1 CijHjjOiNjrequiresO, 64 3, 
H, 6 9, N, 9 2 % ) This compound was a n-caproylamtno 
■p-acetamidocmnamic acid 

Condensaiwn of acetylglycinc mih ip-acttamidobenzaldehyde 
Acetylglycme andp acetamidobenzaldehyde were condensed 
together m the usual manner The product formed orange 
redpnsms, mp 246-247° from water After drymg in vacuo 
it gave the followmg analysis (Found C, 66 6, H, 6 9, 
N, 10 0, Eqmv , 302 CijHuOjN, requires C, 65 7, H, 6 7, 
N, 10 0%, Eqmv , 280 ) 

2 Phenyl 4 (o methoxymeihoxybemyltdene) oxazcdone 

5 SahcyWdehyde methoxymethyl ether (3 32 g , Hoenng 

6 Baum, 1909), and hippunc acid (3 68 g ) were condensed 
together m the usual manner The product crystallized from 
acetic acid m yellow needles, m p 139-140° (Found 
C, 09 6, H, 6 0, N, 4 6 CuHuO^N requires C, 69 8, H, 4 9, 
N.4 6% ) 

This material (0 8 g ) was heated on a steam bath for 
1 6 hr with aqueous acetic acid (10 ml , 20%) and H,SO« 
(4 drops) , formaldehyde was evolved. On coohng colourless 
needles separated, m p 176-176°, undepressed m admixture 
with Z-benzamdocoumann prepared by the method of Erlen 
meyer A Stradlm (1904) 

2 Phenyl 4 (p nethoxymelhoxybenzylidene) oxatolone 
6 This was prepared as above from p methosymethoxy 
benzaldehyde (Pauly & Wasoher, 1923) and hippuno acid, 
bright yellow needles from glacial acetic acid, m p 122-123° 
(Found C, 70 1 , H, 5 1 , N, 4 9 CjjHisOjN requires C, 69 8, 
H.40,N.46% ) 


a Benzamido p hydroxycmnamicacid The above azlactone 
(0 6 g ) was hydrolysed with aqueous acetic acid (20 ml , 
20%) and H5SO4 (4 drops) on a steam bath for 1 hr , by 
which time no more formaldehyde was evolved On coohng, 
colourless prisms separated which on recryetalhzation from 
acetic acid had m p 227-228° (decomp ), tunung yellow at 
about 200° (Erlenmeyer & Halsey (1899) give m p 228- 
229°) 

2 Phmyl-4r{p hydroxyhenzyhdene) oxazdone 5 The above 
acid was sublimed m a high vacuum at 200° yieldmg a yellow 
sohd m p 220°, undepressed in admixture with a sample 
prepared by method (u) below 

(u)2 Phenyl 4 (p methox3Tnethoxybenzyhdene) oxa 
zolone.6 (1 0 g ) was heated to boihng with acetic acid 
(2 mb) contaimng a trace of cone HjSOj On coohng, 
a yellow sohd separated which, when purified on an aluimna 
column followed by vacuum sublimation at 160°/10“® mm , 
hadmp 220-221° (Found C,72 0,H,4 2,N,6 2 Ci,HuO,N 
requires C, 72 6, H, 4 2, N, 6 3% ) 

STOEMARY 

1 A series of compounds has been prepared based 
on the a aryhdene butenohde skeleton, and 
containing conjugated systems analogous to that 
present m anhydrotetromc acid Several of the 
synthetic products show definite, if rather low, 
activity as hatching agents for the potato eelwonn 
The structural smulanty between the active sub 
stances is discussed 

2 No hatching activity was detected m a number 
of coumann and oxazolone derivatives 

The authors are mdebted to the Agncnltural Research 
Gounod for grants m aid of this mvestigation 
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The Fermentation Process m Tea Manufacture 

10 THE CONDENSATION OF CATECHINS AND ITS RELATION 
TO THE CHEJHCAL CHANGES IN FERjMENTATION 
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TocUai Expanmental Station, Indian Tea Association, Cinnamara, Assam, India 

{Received 11 April 1949) 


In an earlier communication m tins senes, Harrison 
& Roberts (1939) outlined what was known, at the 
tune, of the chemistry of the so called tea tannms 
More recently Bradfield (1946) and Bradfield, 
Penney & Wnglit (1947) have examined the pol3'’ 
phenols m tea by the method of partition chromato- 
graphy and have established that all the components 
mvestigated are denved either from epicatechm or 
gallocatechin In view of this positive identification 
it seems advantageous to refer m future to the P0I3' 
phenols m tea leaf as catechms 

The reasons for heheving that catecliins undergo 
condensation durmg fermentation after oxidation 
were summarized by Harrison & Roberts (1939), and 
further evidence for this belief was afforded by a 
comparison of the Ldwenthal and alkalme iodine 
titration methods with the Stamm procedure, as 
apphed to tea catechms b3f Barua & Roberts (1940) 
Reference to the work of Lamb & Sreerangachar 
(1940) and Bradfield & Penney (1944) will show that 
other workers share this view 

The present communication describes experi 
meats, carried out mamly m 1940 and 1941, m which 
an attempt was made to devise some means of 
estunatmg the extent of condensation and to relate 
it to other chemical changes m fermented tea leaf 
A brief outhne of these findings has already been 
presented (Roberts, 1942) 

Teas were fermented at temperatures of 60, 70, 80 
and 90° F , varymg the tune of fermentation from 
2 to 6 761ir Water soluble solids, water soluble 
catechms and alcohol soluble (1 e ethanol soluble) 
sohds were determmed on these teas, and the changes 
m these figures, due to different extents of fermenta 
tion, related to the degree of condensation Less 
extensive data relatmg the amount of extractable 
caffeme to the degree of fermentation are also pre 
sented 

Correlations were also found between the extent 
of condensation and the development of certam 
hquor characters recognized by the tea taster These 
findmgs will be reported elsewhere 


METHODS 
Manufacture of teas 

Under nonnnl conditions of manufacturo the tea leaf under- 
goes mechanical rolhng for some considerable tune, during 
which penod temperatnro control cannot be mamtamed In 
order to carry out fermentation as far ns possible under con 
trolled conditions the penod of rolling was reduced to 
30 nun , after which the leaf was rapidly passed through a 
McKercher C T C machine This machine is sometimes used 
m commercml factones to bnng about further bruismg of 
the coarser pieces of tea leaf after rolhng is completed In 
our experiments it was used to complete ths damage 
necessary for fermentation withm a reasonably short time 
The remamder of the fermentation was earned out in air 
conditioned cabmets at one of four temperatures, 60, 70, 80, 
or 00° P , the relatn e humidity was 05-100 % After 2, 
2 76, 3 6, 4 26, 6 and 6 76 hr fermentation (taken from the 
tune at which rolhng was started) samples of leaf were dned 
at 180° F 

In this way teas which had received twenty four different 
fermentation treatments were prepared The senes was re 
peated eight tunes m the manufeotunng season of 1040 As 
only two cabmets were available, only two temperatures of 
fermentation could be dealt with m 1 day All teas were 
manufactured from one block of tea, plucked at weekly 
mtervals, so that 2 separate weeks’ pluckmgs were required 
to cover aU four temperatures of fermentation Tempera 
tures were randomized so that m the complete senes of 
manufactures, lastmg 10 weeks, no one temperature could 
receive bias owing to seasonal trends 

In all, therefore, 192 different teas were available for m 
vestigation, but it was usual to obtam highly sigmficant 
results with fewer samples 

Analytical procedures 

The condensation index The exact determmation of the 
extent of condensation of catechms is hampered by lack of 
knowledge, and measurements must therefore be largely 
empincak Accor din g to Ramson Roberts (1939) the 
catechms precipitated from a tea infusion by 1 % (v/v) 
HjSO^ probably represent the most highly condensed 
fraction Advantage has been taken of this observation and 
the following procedure adopted 

A portion (20 ml ) of an infusion, obtamed by refluxing 
6 g tea with 400 nil water for 1 hr and makmg up to 
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600 ml , js treated with 0 2 ml cone HjS04 After stnndmg 
for 1 hr the precipitate obtamed is centrifuged doivn, 
washed once with 1 % (v/v) HjS04 and suspended in water 
The suspension is then titrated according to Stamm’s pro 
cedure (Banin i- Roberts, 1940) and the result expressed as 
ml 0 1 M KMnOJs of made tea (dry wt ) The titro is a 
measure of the catechins precipitated by 1 H5SO4 and is 
referred to subsequently ns the condensation mdox or o i 
The method must be considered purely tentative, justified 
at present because it gives semi quantitative and mtelhgiblo 
results 

Walcr-tohible. catcehins were determmed by the method of 
Barua & Roberts (1940), which is apphcnble to the soluble 
catechms m green leaf and fermented tea 

WaterinsoluNe caitch\ns The spent ten leaf, after ex 
traction to make up the 1 hr infusion, is extracted a second 
time for 1 hr with 600 ml water The residue from the 
second extract is washed mth boiling water, dned and 
weighed The dried residue (60 mg ) is suspended in 2 ml 
water m n Warburg vessel, and 1 ml 0 2 n NnOH tipped m 
after attainment of temperature equihbnum The total Oj 
uptake, obtamed after shakmg for 2 hr , expressed as pi 
Oj/mg dry wt of the ongmal ten, is a measure of the 
water insoluble catechins It maj be compared with the 
figure obtamed for the 1 hr infusion similarly expressed as 
pi Oj/nig dry wt of made tea 
Caffeine A I hr or 6 mm infusion (200 ml ) is made 
alknlmo ivith 10 ml ammoma (sp gr 0 8S0) The solution is 
then extracted six times with M ml portions of CHClj , the 
solvent removed from the united extracts bj distillation 
and the weight of the residue taken as caffeine 
Oxygen nplakc during fennentaiion To determine the 0, 
uptake which has occurred at any stage of fermentation, 
the partlv fermented leaf is very finely mmced and its total 
uptake determmed manomotricnllj Subtraction of this 
uptake from the total uptake of a sample of the unfermentod 
green leaf gi\cs the uptake up to the tune of snmplmg (cf 
Roberts, 1941) 

RESULTS 

Varialtou of condcrisalioit tiidcx with /;wc and 
Icmpcraturc of fcrmcntalton The condensation index 
of nil 192 tens uns determined On three occasions, 
howev or, ns n result of high withers, m u Inch the 
moisture content of the tea leaf fell m IS lir to about 
50%, mstend of the normal 65-70%, the tens fer 
mented rather more slouh Those throe sets have 
been loft out m cnlculatmg the mean \ nlues for the 
M hole sonson, u luch are recorded in Table 1 The m 
creases m the condensation mdox mth the time and 
temperature of fermentation are almost Imonr 

Table 1 Effect of time and temperature of 
fermentation on the condensation index 

(\ allies arc condensation indices ) 


Icnucntation time (hr ) 


Temp 

( D 

' 2 

2 76 

3 6 



4 25 

6 

5 75 

CO 

24 7 

2S0 

72 7 

30 S 

40 0 

43 3 

70 

27 7 

32 1 

37 7 

42 0 

40 0 

51 1 

SO 

27 G 

74 0 

41 2 

47 7 

53 4 

60 1 

90 

734 

40 2 

47 S 

55 S 

003 

64S 


For comparison, the O- uptake at difieront stages 
of fermentation is recorded m Table 2 Each figure 
18 a mean of tliree separate manufactures 

Table 2 Oxygen consumption 
during fermentation 


Fermentation time (hr ) 


Temp 

/ 

A 


(»P) 

0 

4 

6 75 


(Total (il Oj/mg dry wt ) 


60 

08 

84 

00 

70 

76 

06 

10 0 

SO 

83 

10 4 

110 

90 

82 

10 3 

10 8 


The results mdicate a clear cut distmction between 
oxidation and condensation of the catechins 
Between 2 and 4 26 lir fermentation at all tempera 
tures the condensation mdex mcreasos Imearly, 
with some shght faUmg off from 4 26 to 6 76 hr , 
whereas the rate of Oj uptake decreases as fermenta 
tion proceeds The condensation index increases 
proportionately until temperature, but the increase 
m rate of Oj uptake ivith temperature is not mam- 
tamed bevond 80° F 

It would appear logical to conclude that although 
condensation follow's oxidation, the subsequent 
rate of condensation is mdepondont of the rate of 
oxidation, and is deterrmned largely by time and 
temperature 

n''a/cr soluble solids and catechins It has long 
been Itnown that the water soluble solids docroaso 
progressivolj as a result of fermentation Li Table 3 
the mean v nlues are given for water soluble 
solids, water soluble catechms and condensation 
mdices for foiu times and four tompemtiues of 
fermentation Values for five senes of manufacture 
only are gi\ en, as the three high wnthcred teas were 
omitted 

As wnth the condensation mdex, variations in 
soluble solids and catochm w-ith tune and tomporn 
ture of fermentation are very highly sigmficant 
Correlations botw een anj two of these three \ ariablcs 
ore also foimd to bo significant, but the eightj pairs 
of data cannot bo considered homogeneous, owmg to 
the sx'stematic differences duo to time, tempieraturo 
and date of manufacture It is therefore nccessar\ 
to calculate the correlation coefficient (r) for each 
factor usmg the analvsis of co\ anaiico 

The changes m soluble solids and catechms, duo 
to van mg time and temperature of fermentation, 
are significantlj correlated with the condensation 
mdox, and vnth each other (Table 4) The onU other 
sigmficant effect is the residual correlation between 
soluble solids and catechins As the catechms 
nccoimt for nearh half the total water soluble 
sohds, it IS not unexpected that such a correlation 
should bo found 
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Table 3 Effect of time and temperature of fermentation on soluble solids, 
soluble catechina and condensation index 


{ax =conden8ation andox.) 


Tune (hr ) 



2 



36 



4 26 



6 76 




Soluble Cate 

1 

Soluble 

Cate 

s 

Soluble 

Cate 

1 

Soluble Cate 

’ 

Temp 


sohds 

dun 


sohds 

chin 


sohds 

dun 


sohds 

chm 


(=F) 


(%) 

(%) 

01 

(%) 

(%) 

0 T 

(%) 

(%) 

C I. 

(%) 

(%) 

OJ 

60 

Mean 

432 

19 2 

26 2 

42 1 

18 4 

36 9 

41 8 

17 6 

40 9 

41 1 

17 7 

48 6 


S E 

026 

0 66 

1 8 

0 61 

0 37 

24 

0 61 

0 40 

2 0 

0 47 

0 34 

34 

70 

Mean 

423 

18 6 

27 1 

41 2 

17 0 

38 3 

39 9 

17 4 

44 1 

39 7 

17 2 

62 7 


8 E 

0 78 

0 46 

1 8 

0 91 

0 62 

1 0 

0 74 

0 49 

14 

0 73 

0 35 

1 8 

80 

Mean 

420 

18 0 

30 6 

39 7 

17 1 

40 2 

38 6 

10 7 

64 1 

38 3 

15 8 

63 0 


8 E 

0 36 

0 71 

08 

0 67 

0 02 

19 

0 72 

0 81 

2 7 

0 99 

0 00 

09 

90 

Mean 

41 1 

17 1 

34 3 

39 4 

16 0 

49 1 

39 1 

16 7 

67 2 

38 5 

16 1 

05 6 


8 E 

0 66 

0 65 

3 1 

0 38 

0 63 

3 1 

0 46 

0 70 

33 

064 

0 40 

27 


Table 4 Analysis of covariance Soluble solids, soluble catcchins and condensation index (o i ) 



Degrees of 

Soluble sohds 

Soluble sohds 

Catechms 


freedom 

and catechms 

and cj 

and 0 I 

Temperature 

3 

0 903* 

-0 900* 

-0 078t 

Time 

3 

0 993t 

-0 969t 

-0 997i 

Date 

4 

-0 038 

0 167 

0 168 

Temperature x tune 

9 

0143 

-0 279 

-0 176 

Temperature x date 

12 

0 312 

-0 254 

-0 231 

Time X date 

12 

0 304 

0 616 

0 298 

Eesidual 

35 

0 392* 

-0 139 

-0194 


*P=006% t^’=001% tP=0001% 


The correlation coefficient (r) between all eighty 
pairs of data for soluble sohds and catechms is 
0 6649 If the date variance and the interactions 
with date are eliminated by averaging each set of 
five figures, we are left with sixteen comparisons, 
for which r now becomes 0 9093 A straight hne 
relation may be calculated from these figures 
(Catechm %) = — 9 6106 + 0 6624 (soluble sohds % ) 

For a fall of 1 0 % m the water soluble sohds there 
is a corresponding decrease of 0 66 % m the cate 
chms Thus, although the decreasmg solubdity m 
water of the catechms is a major factor m the de- 
crease m water soluble sohds as a result of fermenta 
tion, it IS probable that other water soluble sub 
stances are also concerned This could, perhaps, be 
accounted for by an oxidation of respiratory sub 
Btrates to COj by the orthoqumones formed on 
oxidation of the catechms, or by a combmation of 
oxidized and condensed products with water 
soluble mtrogenous substances to form an msoluble 
product 

Water insoluble catechms Table 6 gives average 
figures of oxygen uptake determined m 1939 for 
water soluble and insoluble catechms, obtamed by 
the method of alkahne autoxidation, for teas fer 
mented for 2 6 and 4 76 hr at 60 and 90° F The 
averages are of duphcate experiments m good agree 
ment The faU m water soluble catechms is accom 
panied by a distmct mcrease m water -msoluble 
oateohms 


Table 6 Alkaline autoxidation of soluble and 
msoluble catechms in made tea 

Pennentation tune (hr ) 


2 6 4 76 



Temp 

fiL Oj/mg dry wt 


(Op) 

ongmal tea 

Soluble 

60 

427 

41 0 


90 

38 9 

34 4 

Insoluble 

60 

99 

11 7 


90 

12 2 

13 0 


Oaffeine Soluble solids and catechms m the 1 hr 
infusion both decrease appreciably as a result of 
fermentation The fall m soluble sohds cannot en 
tirely be accounted for m terms of loss of soluble 
catechms, and m the previous section it was pomted 
out that combmation of oxidized catechms with 
soluble mtrogenous substances to form a water 
msoluble product was a possibdity 

The results m Table 6 show that with mcrease m 
the tune or temperature of fermentation there is no 
detectable effect on the caffeme content m either the 
1 hr or 6 mm infusion These results prove that 
durmg fermentation the water insoluble products 
are not produced by combmation with caffeme It 
might also be expected that, as a result of the known 
combmation of oatecluns with caffeme, there would 
be an appreciably lowered extractability of caffeme 
m the taster’s 6 mm mfusion, but the results m 
Table 6 disprove this expectation also 
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Table 6 Effect of fermentation on 
water soluble caffeine 

Permentation Caffeine content (%) 


Tune 

Temp 

5 min 

1 hr 

Condensation 

(hr) 

(°F) 

infiiBion 

mfngion 

mdex 

2 

60 

2 97 

4 30 

210 

2 76 

60 

3 17 

440 

24 0 

4 26 

60 

2 82 

4 60 

26 6 

4 26 

60 

3 02 

460 

32 0 

6 75 

60 

300 

4 35 

39 0 

4 26 

70 

2 97 

460 

36 6 

4 26 

80 

2 94 

4 36 

38-0 

2 

90 

2 97 

4 30 

32 2 

2 76 

90 

2 92 

440 

37 6 

426 

90 

2 94 

4 65 

68 2 

426 

90 

325 

460 

47 2 

6 76 

90 

2 90 

4 30 

66 8 


Alcohol-soluble solids As first established m this 
laboratory in 1930 (unpublished observations), and 
independently in Indo Cliina by Castagnol &, Doan 
ba Phuong (1940), alcohol extracts much less 
material than ■water fi:om fermented tea Accordmg 
to the latter authors the percentage of alcohol 
soluble sohds decreased ■with mcrease m fermentation 
time and the amount of soluble matter, removed m 
a subsequent extraction of the residue ■with -water, 
mcreased, estimation of the cateehms by the hide 
powder method (Association of Official Agricultural 
Chemists, 1946) showed that, ■with moreasing tune of 
fermentation, the proportion of cateohms fell m the 
alcohol extract, and mcreased m the subsequent 
aqueous extract The hide powder method has been 
found m this laboratory (unpublished observations) 
to give uncertam results -with made tea mfusions 

Table 7 Variation in alcohol and water-soluble sohds 

(ajS 8 =alcohol soluble solids (%), w,sj =-wator soluble 
sohds (%), 01. = condensation index ) 

Fermentation 


Tune 

(hr) 

Temp 

(°F) 

A S S 

W S 3 

W.S.S - 

A.8.S 

CI 

2 

60 

37 5 

440 

65 

27 6 

2 

60 

37 0 

433 

63 

255 

2 

60 

37 2 

428 

66 

26 0 

6 76 

60 

33 2 

406 

74 

480 

6 76 

60 

33 1 

420 

89 

44 6 

36 

70 

33 9 

426 

80 

37 1 

6 76 

70 

30 6 

408 

10 2 

62 8 

36 

80 

31 1 

38 1 

70 

39 3 

2 

90 

37 7 

— 



24 6 

2 

90 

33 1 

39 2 

6 1 

33 6 

426 

90 

27 6 

39 5 

119 

66 8 

6 76 

90 

266 

36 9 

113 

06 8 

6 76 

90 

25 7 

37 8 

12 1 

648 


Table 7 records values obtamed m this laboratory 
for alcohol soluble solids (ass), -water soluble 
products (w s s ) and condensation mdex (c i ) The 
regression coefficients of a s s on c i , and (w s s 
A s s ) on c I are luglilj significant, the \ alues for 


and <10 respectively amountmg to 11 13 and 6 90, 
for both of which P is <0 001 

Tlie observations ofCastagnoI& Doan ba Phuong 
(1940) relatmg to the extractability of cateehms by 
alcohol are also confirmed, as the catechm content 
of the aqueous extract of the residue, after alcohol 
e-xtraction, amounted to 3 79 % for a tea fermented 
2 hr at 60° F and 6 81% for a tea fermented 
6 76 hr at 90° F 

Scarcity of solvents made it impossible to e-rtend 
these observations to caffeme at the time Recently, 
however, it has been established that -with mcreasmg 
fermentation the extractabdity of caffeme m alcohol 
also decreases In teas fermented for 2 and 6 hr at 
86° F , 0 41 and 0 60 % caffeme respectively (on dry 
wt ) has been foimd m the aqueous extracts of the 
residue left after extraction -with alcohol 

DISCUSSION 

Condensation of the cateehms could account for 
changes m chemical composition and m hquor 
characters, which cannot be mteipretod m terms of 
oxidation alone An mcrease m the fermentation 
tune from 3 to 4 hr m one series of factory expen 
ments, mcreased the o-xidation of cateehms firom 
77 to 80 % The changes m water soluble sohds, m 
depth of colour of infusion and m the strength of the 
hquor, as estimated by a tea taster, were however 
qmte mcommensurate -with this shght mcrease m 
oxidation The effect of the extra fermentation would 
be to mcrease the condensation mdex from about 
40 to 60 If this figure is related to the actual degree 
of condensation m ahnear manner, this represents an 
mcrease of 26 % m the condensation, as compared 
■With 3-4 % m the oxidation 

Apart from the obinous -variations of hquor 
characters -with tune and tempera-ture of fermenta- 
tion, many of the chemical changes observed can be 
related to the condensation mdex There is, m 
particular, a v ery close connexion between this value 
and the total amount of catechm m solution, m- 
creasmg condensation resultmg m decreased water- 
solubility of the cateehms This may m part be due 
to the formation of high polymers of cateehms m- 
aoluble m water, but judging by the mcreased 
abihty of the cateehms to precipitate gelatme as 
fermentation proceeds, it a-ppears that this decrease 
must also be partly due to an actual combmation of 
catechm condensation products -with leaf protem to 
form a water msoluble product 

The presence of water msoluble pwlyphenols m 
fermented tea has been demonstrated by the method 
of alkahne autoxidation These msoluble substances 
mcrease with fermentation, but can only be esti- 
mated m an empmcal -way 

The existence of highly polymerized water- 
insoluble cateehms, whether combmed -with protem 
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or not, accounts m part for the persistence of the 
bromi colour of spent tea leaf after repeated extrac 
tions with water Oxidation products of chlorophyll, 
according to Sreerangachar (1943), may also be 
responsible for the development of a brown pigment 
m the leaf on fermentation, but the suggestion of 
Popatov (1932) that these pigments are melanms 
obtamed by oxidation of tyrosme cannot be ac- 
cepted, as not only is the tyrosme content of tea leaf 
very small, but tyrosme is not oxidized by either 
tea oxidase or tea oxidase + catecluns (unpublished 
observations) 

The figures avadable for cafFeme m the 1 lir m- 
fuBion suggest that there can be httle or no combma 
tion between catechm condensation products and 
cafFeme to form substances insoluble m boilmg 
water The values for alcohol soluble solids suggest, 
however, that there is an mcreasmg degree of com 
bmation between catecluns and cafFeme as the 
condensation mdex mcreases, with formation of 
products which are soluble m boilmg water but not 
m boihng alcohol 

Infusions of tea m boihng water are mitially clear, 
but on coohng frequently become cloudy owmg to the 
separation of a finely divided precipitate contammg 
both cateclims and caffeme (cf Bradfield & Penney, 
1944) It has always been observed m this laboratory 
that tins effect, known as cre aming down, mcreases 
with both tune and temperature of fermentation 
This 18 a further mdication that combination between 
cateohms and caffeme mcreases with the extent of 
condensation of the former Such combmation does 
not decrease the extraction of soluble matter by 
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boilmg water, but solubility m cold water and 
alcohol IS appreciably reduced 

SUMIMAIIY 

1 An empirical method is described for deter 
mmmg the degree of condensation of catechms in 
fermented teas 

2 The condensation mdex increases m approxi 
mately hnear fashion with tune and temperature of 
fermentation, this m crease contmues at times and 
temperatures when the total oxygen uptake is no 
longer mcreasmg 

3 Values for water soluble solids and water 
soluble catecluns, m teasreceivmgvarymgfermenta 
tion, are sigmficantly correlated with each other, and 
are correlated negatively with the condensation 
mdex About two thuds of the loss in soluble solids 
can be accounted for by an msolubUization of cate- 
chms, due to the formation of high polymers m 
soluble m water, and by combmation of condensa- 
tion products with leaf protem 

4 The much greater faU m alcohol soluble sohds 
with mcrease m the condensation mdex mdicates a 
combmation of condensation products with water 
soluble nitrogenous compounds to form complexes 
soluble m boihng water, but insoluble m boilmg 
alcohol 

The author wishes to express his thanks to Mr C J 
Hamson, Chief Scientific Officer, for his interest m this work 
and to the Indian Tea Association for permission to pubhsh 
these results 
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The Deamination of Glycine by a-Radiation from the 
Disintegration of Boron m a Nuclear Reactor 

By W jNI dale, J V DAVIES Airo C W GILBERT 
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{Received 28 June 1049) 


A correct assessment of the effects of a radiation as 
an example of densely lomzmg radiations, m com 
parison with a less densely lomzmg radiation (e g 
X-rays), on a \ anety of solutes m aqueous solutions, 
is of importance for an imderstandmg of the mode of 
action There are a few such comparative mvestiga 
tions reported m the hterature (Dale, Gray & Mere 
dith, 1949, this paper oontams references to relevant 
hterature) In general a radiation is less effective 
than X radiation In some of these mvestigations it 
18 doubtful whether there was a sufficient considera 
tion of the part played by simultaneous ^ and 
y radiation and, therefore, the small effect observed 
may have been entirely due to radiation other than 
a rays Such effects were fuUj taken mto account m 
a recent mveatigation on a comparison between a- 
and X radiation effects on carboxypeptidase (Dale, 
Gray & Meredith, 1949) It was also shown that an 
mcrease of the concentration of the solute led to an 
mcrease of the a ray effect, and the authors mchned 
to the view that the effects observed were due to the 
S rays issuing from the a ray track Radiation from 
a polomum source would entirely avoid mterference 
by ^ or y radiation, but it is experimentally difBcuIt 
to make sufficiently strong sources of radiation This 
paper reports an mvestigation of the effects of ir- 
radiation usmg the dismtegration particles from the 
action of slow neutrons on a boron salt present m the 
solution of the solute to be mvestigated The ad 
vantage of this procedure is that not only a large 
radiation dose can easily be obtamed usmg the 
neutron flux available m nuclear reactors, but also 
that the yield from the mterfermg ^ and y radiation 
can be directly measured 

The reaction mvestigated was the demnmation of 
glycme by radiation, and this reaction is of mterest 
for several reasons Glycme has a low molecular 
weight (76) m contrast to the high molecular weight 
of carboxypeptidase (35,000) , furthermore, solutions 
of higher concentrations than are possible with car 
boxypeptidase can be made, and finally the deamma 
tion has been shown (Dale <1, Davies, 1949, Dale, 
Danes <S- Gilbert, 1949) to have on lomc yield for 
X rays nsmg to nearly 3 on mcreasmg the concentra 
tion of gljcme to 20%, whereas the X ray ionic 
jneld with carboxypeptidase remams constant at 
0 19 ov'er a v ery wide range of concentrations 


EXPERBEENTAL 

Dosimetry 

The exposare to slow neutrons of a solution containing a 
B Balt produces an irradiation of the solution by a particles 
and slow Li particles resulting from the nuclear reaction 
’“B (na) ’Ll With a neutron flux of 10'°/cm ’/sec or more, 
available m nuclear reactors, one can obtam m a few hours 
sufficient radiation from the heavy particles to give good 
yields of NHj from the deamination of glycme However, m 
a nuclear reactor there is also a considerable flux of fast 
neutrons and y radiation and these will produce further 
deammation via their corresponding secondary radiations, 
protons and electrons There is also the slow neutron re 
action "N (np) ”C ongmatmg from the mtrogen m the 
glycme These effects can be ehmmated by exposmg two 
solutions of the same glycme concentration side by aide m 
the neutron flux, one containing a B salt and one without, 
the difference m the yields being due to the heavy partide 
radiation only We, m fact, irradiated a third solution con 
taimng double the amount of B salt, to check that the de 
animation by the a particles was proportional to the B 
concentration For rehable results the deammation m 
presence of B should be as large as possible compared with 
the background effect, and this is achieved by usmg the 
highest possible concentration of B It was found by pre 
hmmary experiments that up to 2 25 m ElBO, (potassium 
metaborate) could be added to the glycme solution without 
affectmg the de amina tion yields by X radiation. The 
resulting solution was, however, strongly alkahne, and 
accordmgly special experimental procedure had to be 
adopted, as discussed later Little prior information about 
the mtensity of the y radiation m the nuclear reactor was 
available, but rough estimates mdicated that this amount 
of B would be sufficient, as was finally shown by tbe ex 
penmeat 

The rate of hberation of energy/mut volume of solution by 
the B dismtegration can be calculated from the B concen 
tration, the dismtegration cross section for thermal 
neutrons and the average neutron flux m the solution The 
mean energy release m the slow neutron dismtegration of 
B can be calculated from the masses (Mattauch i. FlCgge, 
1942), romembermg that only about 8% of the dismtegra 
tions hberate the full energy, the remamder leavmg the 
’Ll m an excited level of 474 keV (Boggild, 1946, Gdbert, 
1948 Kosenfeld, 1948) These calculations give a mean 
enorgy/dismtegration of 2 49 MeV The effect of the 474 keV 
y radiation resultmg from the de excitation of the 'Li will 
not be ehmmated by comparison with the B free solution 
but the solution was m a layer of only 2 mm thickness 
and absorbs a negligible amount of the y radiation The 
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capture cross section for the B disintegration is taken 
as 703 X cm *, and therefore the rate of energy 

hberation/ml of molar solution of B for a neutron flux 
n/om ^/seo is 

6 06 X 10« X 703 X 10-« x 2 49 x 10' n = l 08 x 10' n eV /sec 

Bor the purpose of caloulatmg the lomo yield we can 
define an ion pair as the absorption of 32 6 eV and hence 
the rate of production of ion pairs/inl of m borate solution 
due to the a and Li particles is 3 26 x 10* n/seo 

For the determmation of n, the average neutron flux, 
account must be taken of the considerable local disturbance 
of the neutron flux produced by the presence of so much B, 
and also of the fact that the flux ivill vary markedly through 
out the solution These effects can be allowed for by usmg 
the presence of K as a momtor, through the activity of the 
*®K produced by the elou neutron reaction **K (ny) * El, for 
the number of atoms produced is proportional to the 
number of B dismtegrationa mdependent of the spatial 
variations of the neutron flux All solutions were therefore 
made to have nominally the same K concentration, the 
appropriate amount of KjCO, bemg added to the solutions 
with less or no KBOj 

Smce the half hfe of “K is 12 4 hr and the irradiation of 
the B solution was 20 9 hr allowance was made for the 
decay of the "K during irradiation m calculatmg the mte 
grated dose A si mi lar correction for decay between the 
time of irradiation and measurement was also made The 
activity of a K sample was followed for 72 hr to check the 
half life and a value of 12 8 hr was obtamed This is higher 
than the generally accepted value of 12 44 (Seaborg A. 
Perlman, 1948) by more than the statistical errors The 
measured value was used m the corrections K this higher 
value were due to an impurity, its adoption gives the 
smaller error 

The K momtor was cahbrated by two methods In the 
first, some samples of 1 48 m K,COj solution were irradiated 
for several days m the nuclear reactor m positions where the 
neutron flux had been cahbrated The second method m 
volved cahbratmg the efliciency of a Geiger counter for 
and usmg the activation cross section for “K (Seren, 
Fnedlander A Turkel, 1947) The counter was of the Veall 
type (VeaU, 1948) and was cahbrated with a "K solution 
which had been measured at the Atomic Energy Research 
Establishment, Harwell, m a counter of known efficiency 
The two methods give results which differ by about 14%, 
the first method givmg the lower value of the neutron flux 
This difference probably mdicates the order of magmtude of 
the error m determinmg the absolute value of the neutron 
flux The mean of the two methods was adopted m the cal 
culations The neutron flux determmed by this method for 
the B free solutions compared well with the estimated value 
for their positions m the nuclear reactor 

Chemical method 

The general chemical procedure for estimatmg the NH, 
hberated m the deammation by radiation was the same as m 
previous work (Dale, Davies A Gilbert, 1949), but smce the 
highly concentrated solution of KBO, required could not be 
neutralized without precipitation it was necessary to carry 
* out the irradiation m the Conway iimts themselves to 
prevent loss of NH3 The standard pyrex or soda glass 
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Conway umts are not suitable for irradiation mside a 
nuclear reactor because of the boron and sodium content of 
the glasses, which either absorb neutrons too strongly or are 
too radioactive after irradiation Perspex was therefore 
used, and sets of three umts were hoUowed out of sohd 
blocks 6 X 2 X 1 m with perspex sheets ground to form 
eovenng hds, which were held m place by chps Each block 
was packed mto an aluminium ean with absorbent cotton 
wool for msertion mto the nuclear reactor The three 
Conway units m each block had inner compartments and 
outer rmgs which were filled with 1 ml of fluid to a depth of 
about 2 mm An 0 25 n HjS 04 solution was put m aU inn er 
compartments The outer rmgs contamed the glycme 
solution with varymg amounts of KBOj and KjCOj, the 
glycme content bemg the same m the three umts of any one 
block The same pattern of KBOj and KjCO, concentration 
was repented m all blocks and is shown m Table 1 
Two glycme concentrations were mvestigated, 200,000 
and 10,000 pg /ml made up by weight, the higher concen 
tration bemg duphcated In aU, three perspex blocks were 
irradiated for 20 9 hr m a neutron flux of about 10*“/cm -j 
sec m the nuclear reactor queep at the Atomic Elnergy 
Research Establishment, and after removal from the reactor 
the units were rocked for 0 6 hr to ensure the completion of 
the diffusion of NH, mto the acid solution The solutions 
from all compartments m the Conway dishes were then 
transferred quantitatively to test tubes and the subsequent 
measurements made m our laboratory m Jlanchester 
Blank experiments to detenmne the yield of NH, m the 
absence of radiation were made at the same temperature 
(31°) oxpenenced durmg the irradiation, and for the same 
duration, and also control experiments imder the same con 
ditions but with added HjOj Accor ding to Bonet-Maury A 
Lefort (1948) HjOj is formed m pure water proportionately 
to the a ray dose If a solute is present which is sensitive to 
H,0, part of the radiation effect might be due to HjO, 
formed durmg irradiation On extrapolatmg the curves 
pubhshed by these authors to the two doses of a radiation 
used m the present experiment, one arrives at H_Oj con 
contrations of 7 36 x 10"' and 3 OS x 10"' 11, which are the 
average concentrations of H,Os biult up durmg the expen 
ment m the nuclear reactor These concentrations are 
maximum concentrations, smce one can assume that the 
presence of a solute reactmg with OH radicals and/or H 
atoms will reduce the formation of HjO. 


RESULTS 

The results of the a radiation are summarized m 
Table 1 The lomc yields of the heavy particle radia- 
tion are 0 66 and 0 17 for the 200,000 and the 
10,000 [ig /ml solutions respectivelj^ Comparmg 
these with the correspondmg yields for X radiation 
(Dale, Davies & Gilbert, 1949) the relative efficiencies 
for deammation by a radiation and X radiation 
were 1 9 6 % for the 20 % solution, and 1 6 2 % for 1 % 
solution 

Table 2 shows the ammoma yield due to hydrogen 
peroxide The hydrogen peroxide effect, therefore, is 
at most 12 6 % of the a ray effect for the 200,000 fig / 
ml glycme solution and 7 6 % for the 10,000 fig /ml 
solution 
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Table 1 Deamination of glycine by a particles 


Conway nnit 

Qlycine concn ((ig (mLl 
KBO, conon (m) 

Total K concn (m) 

NH, yield (fig /ml ) 

Blank {/ig /ml ) 

Net NH, yield (fig /ml) 
NH, yield due to a rays 

(f‘e H ) 

Mol NH,/mI xlO-“ 
PotBMivun activity* x 10"* 
Neutron flux x 10~^ 

Ion pairs/ml x 10"*' 
lomc yield for a radiation 
Slean lomo yield 
lomo yield for X radiation! 
Ratio {‘a yield’ as % of 
‘X yields 


Block 1 


Block 2 


Block 3 


* Potassium activity is the counta/mm /ml /‘molar’ K, 68 hr after the end of the irradiation 
t Hole, Davies & Gilbert (1949) 


Table 2 Deamination of glycine by hydrogen 
peroxide at 31° during 21 Ar 

Qlycme concn 

(fig /ml ) 200,000 10,000 


H,0, conon (mii) 

7 36 

3 08 

7 36 

3 68 

NH, yield (fxg /mk) 
Blank (jig (mL) 

104 

12 

07 

12 

26 

1 

11 

1 

NH, due to H,0, 

92 

66 

24 

10 


(pSlmL) 

DISCUSSION 

In Table 3 are set out the arninoma yields from the 
boron free solutions, -whioh will be due to radiation 
by electrons and protons, reduced to a standard 
neutron flux of 10'®/cm ’/sec On the assumption 
that the lomo yield for these radiations is the same 
as for X radiation, the total dose and the dose rate 
m r /mm has been calculated Tins estimation, 
however, only gives a lower limit to the radiation 
dose, because the proton part, havmg a higher ion 
density, is probably not so efficient m deammation 
as the electron part, but there is reasonable agree 
ment between the values calculated from solutions 
of different concentrations 

Table 3 Effect of background radiation 

Glycmo concn (fig /ml ) Block I Block 2 Blocks 

200,000 200,000 10,000 

NH, yiold/mk for neutron 67 01 10 

flux of 10‘“/cm '/sec. 

Mol NH,/ml X 10'*’ 0 70 0 76 0 61 

Total doao xl0-*(r) 435 4 00 3 78 

Dobo rate m flux 10’° 347 372 302 

r /mm 

In any comparison between radiation effects pro 
duced by the boron disintegration and those by a 
Biochom 1949, 46 


particles from radon or polonium account must be 
taken of the different densities of the ions along the 
tracks of the particles The boron dismtegration 
produces two ionizing particles, an a particle with 
range m standard air of 0 77 cm or 7 7 ft m water 
and a Li particle of range 0 48 cm m air or 4 8 ft m 
water (Gilbert, 1948) The maximum ion density of 
the latter is only just greater than that of the a 
particle (Bower, Bretscher & Gilbert, 1938) because 
Its range is shorter than the Bragg maximum m the 
ionization curve for hthium particles The mean 
hnear density of ionization along the dismtegration 
track 18 6900 ion pairs/g of track m water, the mean 
density of the hthium particle bemg about 13 % less 
than m the a track For companson the correspond 
mg figure for the mean of the three a particles 
emitted by radon and its short hved daughter 
products IS 3600 ion pans/fi and for the electrons 
produced by a 200 kV X ray tube 80 ion pairs/ fi 
(Gray, 1947) 

The relative yield for a particles compared with 
X radiation (16-19 %) for deammation of glycme is 
considerably lugher than the values (3-10%) for a 
range of concentrations for the mactivation of car 
boxypeptidase by a. particles from radon and its 
short hved products (Dale, Gray & Meredith, 1949) 
The mcreased efficiency m the present experiment is 
not likely to be due to the fact that the Imear ion 
density was greater than m the radon experiment, 
for this should rather result m a decreased efficienci 
Both experiments show an mcrease of the ionic 
yields for a radiation with concentration of solute, 
though not proportional to concentration Tlie high 
value of 0 66 obtamed for the highest concentration 
of glycme is of particular mterest showmg that the 
whole effect cannot be attributed to the 8 rays but 

35 
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that the mam colimm of the a-track must play an 
important part 

Bonet Maury & Lefort (1948) have shown that 
hydrogen peroxide is formed m pure water by a- 
radiation, and therefore part of the a radiation effect 
could he due to the presence of hydrogen peroxide if 
the solute is sensitive to it The presence of a solute 
however may reduce the formation of hydrogen 
peroxide by reactmg with the primary products of 
radiations (OH radicals and H atoms) Carboxy- 
peptidase was shown to be msensitive to high con 
centrations of hydrogen peroxide (Dale, Gray & 
Meredith, 1949) and though the hydrogen peroxide 
can deammate glycme, the effect is not more than 
12 % of the total radiation effect as shown by the 
present control experiments 

Smce neither the quahty of the radiation nor the 
effect of hydrogen peroxide can wholly account for 
the observed differences, one should assume that 
these are hnked m some way with the fact that the 
X radiation effects on ammo acids were very different 
from those on macromolecules, as was fully discussed 
m an earher paper (Dale, Davies & Gdl^rt, 1949) 
There a cham reaction or the action of radicals by 
excitation was mvoked for explammg the lonetics of 


the de amin ation of ammo acids by X.-Tay8, and it 
was also pomted out that these theoretical considers 
tions are not yet fuUy m agreement with current 
concepts of the mdirect action of radiation 

STOEMABY 

1 The dea min ation of glycme by the densely 
lonizmg particles from the dismtegration of boron 
byslowneutrons m anuclearreactor has beenstudied 
An account of the necessary technique is given and 
the dosimetry fully discussed 

2 The ionic yields for the liberation of ammoma 
were 0 17 and 0 66 for 1 and 20 % solutions of 
glycme, respectively, bemg 16 and 19 % of that due 
to X-radiation The lugher efficiency ofdeammation 
by this radiation compared with the mactivation of 
an enzyme bj' a rays frem radon and its products is 
discussed 

We wish to thank the Director, Atomio Energy Research 
Estobhshment, Harwell, for permission to make the irradi 
ation m the nuclear reactor and the staff of the Isotope 
Division for information concemmg the neutron flux, for a 
standardized solution of “K and for the assistance and 
facilities given during the irradiation 
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Observations on Antisera Against Complexes of 
Di-2-chloroethyl sulphide and Protein 

By D S FLEMING, A M MOORE Aim G C BUTLER 
Chemical Warfare Laboratories, Ottawa, the Department of Bacteriology and Immunity, 

McOtU University and the Department of Biochemistry, University of Toronto 

{Received 31 January 1949) 

Human bemgs and animalfi, after receivmg repeated present communication provides additional mfor 
skm exposures to di 2 chloroethyl sulphide (mustard mation about the system first described by these 
gas, ‘H’), often develop an mcreased sensitivity to authors It was also hoped that by studymg 
this substance, and it was felt that the factors con- different derivatives of diethyl sulphide as m- 
cemed rmght be mvestigated by methods developed hibitors m a specifically precipitatmg i mmun ity 
m the study of immumty Berenblum & Wormall system, some evidence might be obtamed for the 
(1939) previously published an accoimt of an m- nature of the linkage formed when LL reacts with 
vestigation tmdertaken with this end m view, and the protems 
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There have appeared m recent years a number of 
reports descnbmg the action of 3 on protema, e g 
Banks, Boursnell, Francis, Hopwood & Wormall 
(1946), Boursnell, Francis & Wormall (19466), 
Hemott, Anson & Northrop (1946), and Ogston 
(1948) The serological mvestigation which forms the 
subject of the present communication has disclosed 
another factor m such reactions, viz the participa- 
tion of morgamo phosphate 

EXPERIMENTAL 

Preparation of compounds 

Di 2 (2' ammo 2' carboxt/dhyUhioethyl) sulphde Pre- 
pared by interaction of H with cysteine m the manner 
described by HeUerman (1942), this had m p 246° * 

1 i-Thiazan-i^cttic acid and 2 hydroxy 2'-yliicino-dtelhyl 
eulphide Ethyl ammoacetate and B were brought mto 
reaction m absolute ethanol m the presence of anhydrous 
sodium acetate, and the crude oily product was isolated 
following the method of Cashmore & McCombie (1923) Two 
fractions were obtamed from this product, one with b p 
91-92°/! mm , the other with b p 10(>-140°/1 mm Each of 
these fractions was dissolved m dry ether, dry HCl gas was 
bubbled through the solution and the orystallme hydro 
chloride which separated in each case was collected on the 
filter with suction and recrystallized from an ethanol ether 
nurture (2/6) 

From 10 g of the oil (b p 91-92°/l mm ) 10 g of re- 
crystalhzed hydrochloride with m p 186-187° were ob 
tamed (Found C, 42 6, H, 7 1, N, 6 2, S, 14 4, Cl, 16 7% 
The hydrochloride of ethyl 1 4-l/iiazati-4-<ic<ta<e, 03 Hi 50 ^ClS, 
requires 0, 42 6, H, 7 2, N, 6 2, S, 14 2, Cl, 16 8% ) This 
ethyl ester hydrochloride (6 g ) and n NaOH (100 nJ ) were 
refluxed for 4 hr , after which the mixture was cooled, 
N H-SOj (78 mb) was then added and the solution distilled 
to dryness in vacuo The residue was extracted three tunes 
with boiling ethanol, the extracts filtered and reduced to 
dryness, and the residue crystallized from ethanol. Yield, 
3 0 g The resulting needle shaped crystals showed a 
peculiar behaviour m meltmg jiomt determinations In a 
capillary tube they melted at 130°, above this temperature 
some samples decomposed with much evolution of gas, 
while other samples recrystallized and melted at 176° On 
the heated stage of a Fisher-Johns micro meltmg pomt 
apparatus they had mp 176-176° with no prehminary 
meltmg at 130° This transient meltmg at 130° was probably 
due to loss of water of crystaUization, smce analyses showed 
that the crystals contamed water A sample of the crystals 
was sublimed at 160°/0 16 mm , the sublimate melted and 
turned red at 177—179° without any prehmmary meltmg at 
130° (Found for the sublimate C, 44 6, H, 7 4, N, 8 6, 
S, 20 2 Calc for CjHuO,NS C, 44 7, H, 0 9, N, 8 7, S, 
19 0%) There seems httle doubt that this material is 
identical with the 1 4-thiazan-4-acctio acid described by 
Boursnell, Francis A Wormall (194Ga) 

From 7 g of the oil (b p 100-140°/! mm.) 2 g of re 
crystallized hydrochlonde with mp 120-122° were ob 
tamed (Found C, 42 0, H, 6 9 N, 6 1, S, 11 4, Cl, 12 1 
Calc for the ethyl ester hydrochlonde of 2 acetoiy 2 


* All m p are uncorrccted 


glyomo diethyl sulphide, CioH 3 (| 04 NClS C, 42 1, H, T-Ofi, 
N, 4 9, S, 11 4, Cl, 12 4% ) This ethyl ester hydrochlonde 
(2 g ) and N NaOH (30 ml ) were refluxed for 2 hr , after 
whidi the mixture was cooled, h HjSOj (20 ml ) was added 
and the solution was diatdled to dryness tn vacuo The 
residue was extracted three tunes with boibng ethanol, the 
extracts filtered and reduced to dryness, and the residue 
crystallized by dissolvmg it m 10 ml of hot ethanol, addmg 
2 mL of acetone and chillmg The crystals separated as 
rosettes of needles meltmg at 129—131° The material was 
very soluble m water, ethanol and methanol, but relatively 
insoluble m acetone, ether and benzene (Found C, 40 3, 
H, 7 4, N, 7 8, S, 18 0 Calc for CjHi,0,NS C, 40 2, H, 

7 3,N,7 8,S, 17 9%) 

The analyses of this matenal and of the ester hydro 
chlonde from which it was denved provide good, though not 
conclusive, evidence that it is 2 hydroxy 2' glycmodiethyl 
sulphide, and it is qmte conceivable that the acetate of the 
ethyl ester of this compound could have arisen as a result of 
the reaction of 1 moL of H simultaneously with 1 mol of 
sodium acetate and 1 moL of ethyl ammoacetate 

In the course of several preparations of the sort just 
described many attempts were made to obtam the di 2 
glycmoethyl sulphide descnhed by Cashmore & McCombie 
(1923), but without success 

H glycine f Qlyome (10 g ), water (200 mL) and H 
(30 ml ) were placed m a 600 mL beaker and stirred con 
tmuously at 37°, 2 n NaOH being added at a rate sufficient 
to keep the reaction alkahne to phenolphthalem. After 

8 hr the consumption of alkah had ceased when 260 ml of 
2s NaOH had been added The reaction mixture was then 
extracted three tunes with chloroform and the chloroform 
washings discarded The aqueous solution was concentrated 
tn vacuo on the steam bath to about 100 ml when a large 
amount of NaCl had separated, the sludge m the distiUmg 
flask was filtered with suction and the sohd on the filter 
washed with a httle cold water The pH of the filtrate was 
adjusted to about 2 by the addition of cone HCl As the 
acidification proceeded a copious, gummy, shghtly yellow 
precipitate formed and rapidly settled to a gummy mass at 
the bottom of the flask. After the mixture had been dulled 
for 2 hr at 6° the supernatant hqmd was decanted and dis 
carded and the gummy precipitate washed twice with cold 
water The remaimng gum was then dissolved m 100 ml 
water by addmg 2if NaOH until the pH of the solution was 
6 6 The precipitation with acid, washmg and redissolvmg of 
the product was earned out twice more the resulting gum 
was dissolved m water at pH 6 6 and the solution diluted to 
60 mL This solution had 6 3 mg N/mL, yield, 14% (based 
on N) 

A solution which had been made finm a similarly pre 
pared and purified reaction product gave total N (Kjeldahl) 

0 63mg/mL, ammo N (Van Slyke), OOOmg/mL, S, 

1 46 mg /mL When 6 ml of this solution was mixed with 
0 1 mL of a 10 % solution of any one of cohaltoua acetate 
cadmium chlonde, mckel mtrate or cupno sulphate a 
copious precipitate formed. The chemical properties of this 
H glyome received considerable study which will be the 


t The 'H glycme' referred to here is not to be confused 
with the ‘B glycme’ used by Boursnell ei al (1946a) to 
mean 1 4-thmzan-4-acetio acid, but refers to the un 
identified product of the reaction of B and glycme in 
aqueous solution 
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' Thtodtglycol phosphate.’ NajHPOi THjO (0 7 g ) uas 
dissolved m water (100 ml ) and the solution was mam 
tamed at 37°, 4 g of (m p 14°) were then added and the 
reaction mixture stirred continually The reaction was kept 
just alkahne to phenolphthalem by the addition of 2^ 
NaOH After 2 hr , when the reaction was over, 10 ml of 
2if NaOH had been used and an analysis for morgamc 
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On oloctrometne titration of the barium salt of ‘thio 
diglycol phosphate’ and sodium phenyl phosphate it was 
found that the former bound more alkali between pH 9 and 
12 2 than did the latter The extra alkah bound was ap 
proximatelj one equivalent for three atoms of phosphorus 
In new of the above findmgs and the fact that J7 m 
aqueous solution readily gives nse to sulphomura salts 
(Hemott, 1040), the structure proposed for the banum salt 
of ‘thiodiglycol phosphate’ is 


OH- 


■RaOjP— 0— CH,— CH.— S+— CH,— CH,— 0— PO,Ba“| 
CH. 

I ‘ 

CH. 

I ■ 

S— CH.— CH,— OPOjBa 


6H.0 


phosphate showed that 80 % of that ongmally present had 
been estenfied The reaction mixture was distiUed to dry 
ness in vacuo and the residue was washed with absolute 
ethanol, the washmgs bemg discarded The residue was then 
dissolved m 6 ml of water, 60 ml of absolute ethanol were 
added and the mixture was chilled at 6° for 3 hr when the 
clear supernatant hquid was decanted and discarded The 
solution and precipitation were earned out twice more after 
which the residue was dissolved m water and diluted to 
60 ml This solution gave P (total), 12 6 mg /ml , P 
(morgamc), 3 6 mg /ml , S, 8 2 mg /ml 
The above solution was made alkahne to phenolphthalem 
by the dropwise addition of a saturated Ba(OH). solution, 
the precipitate which formed was centrifuged and discarded 
To the supernatant flmd Ba(OH), dissolved m hot water was 
added m the proportions of one atom of Ba for each atom of 
P The precipitate which resulted was centrifuged and 
washed three tunes with small volumes of distilled water 
To the combmed supernatant and wasbrngs, which were 
perfectly clear and colourless, an equal volume of ethanol 
was added and the resulting volummous precipitate centn 
fuged, washed twice with 60% and twice with 05% 
ethanol, and dned in vacuo over CaCl, (Found C, 10 0, 
H, 2 8, S, 6 3, P, 9 6, Ba, 41 2 08H„0i,S,P,Ba, 6H.0 
requires C, 9 8, H, 2 7, S, 6 0, P, 9 6, Ba, 42 1 % ) 

It can be seen that the ratio P/S m this matenal is 3 2 and 
at one time it was suspected that this might be duo to a 
mixture of thiodiglycol mono and di phosphates In order 
to test this possibihty a bruome salt was prepared and 
analysed for P and S Aqueous solutions of the above Bn 
salt (0 6 g ) and brueme sulphate (1 6 g ) were mixed, BaSO^ 
was removed by centnfugmg and the resultmg solution was 
evaporated in vacuo Crystallization of the residue from 
water yielded 0 663 g of fine white needles Even after re 
ciystalhzation this bruome salt had no defimte m p but 
softened, melted and decomposed gradually from 110-185° 
(Found S, 2 32, P, 3 36% ) These analytical results mdi 
cate that the Ba salt was a smgle compound. 

On drymg the Ba salt m the pistol in vacuo over P,Og it 
lost weight, but quantitative water determinations were 
impossible The weight loss mcreased steaddy as the tern 
perature m the pistol was raised from 100 to 190°, untd at 
the latter temperature the matenal turned brown and was 
obviously decomposmg 


If the substance contains a sulphonium salt groupmg it 
should bo m the form of the sulphonium hydroxide when it 
separates from the alkaline baryta solution The shghtly 
high carbon content found on analysis might be duo to a 
partial neutralization of the siUphomum hydroxide vnth 
CO. It seems impossible to reconcile the analytical results 
with any other reasonable structure, but unfortunately the 
proposed constitution does not readily lend itself to proof by 
degradation or synthesis 

For use m specific mhibition tests the Ba salt was dis 
solved m water and Ba removed by the careful addition of 
1 % Na_S 04 solution to slight excess The resultmg solution, 
after removal of BaS 04 and adjustment of volume, was used 
as an inhibitor 

Reaction of E with serum proteins Preparations were 
made from the serum proteins of the horse, rabbit, gumea 
pig, pig and man 

(o) H horse serum globulin (phosphate, pH 8-9) Horse 
serum globuhn solution (60 ml , contammg 0 46 g N) was 
mixed with 0 6 u phosphate buffer (25 ml , pH S) and 
warmed to 37° H (3 ml ) was added and the mixture 
stirred constantly and mamtamed at 37° 2i. NaOH 

solution was added at such a rate as to keep the mixture 
just alkahne to phenolphthalem After 8 hr the reaction 
was finished and 19ml of 2 n NaOH solution had been used 
The resultmg solution was placed m a ceUophan sac and 
dialysed against runnmg tap water for 48 hr The contents of 
the sac were clanfied by filtermg, and analyses for N and S 
were earned out on the solution (At first, samples of the 
solution of antigen were precipitated vnth acetone and the 
precipitate, after havmg been washed, and dned in vacuo, 
was analysed for S and N Smee it was later found that the 
same values for S/N were obtamed when the analyses were 
earned out on samples of solution, the acetone precipitation 
procedure was discontmued ) In each case, analyses for 
S and N were earned out on the ongmal protem before 
treatment with H Analyses for the above couplmg were 
ongmal horse serum globuhn solution S/N, 0 09 , coupled 
horse serum globuhn solution S/N, 0 34, A (S/N), 0 26 The 
final solution was stored at 6° with a few crystals of thymol 
as a preservative 

(6) H horse serum albumin (phosphate, pH 8-9) Horse 
serum albumm solution (76 mk, 8 6 mg N/ml ), 0 6m 
phosphate buffer (33 mL, pH 8 0) and 3 (4 ml ) were 
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Btured at 37° 2 n NaOH (27 6 ml ) ■svas added at a rate 
Bufficient to keep the reaction ]ust alkaline to phenol 
phthalem After 4 hr the reaction was finished and the 
resultmg mixture ivas dialysed m a ceUophan sac against 
mnnmg tap ivater for 4 days The contents of the sac were 
then filtered and the filtrate electrodialysed against running 
distUled water until no current flowed through the cell 
Early m the dialysis, a gelatmous precipitate began to form 
and this mcreased m amount throughout the operation The 
dialyBcd mixture was centrifuged and the supernatant flmd 
(216 ml ) had a pH of 4 6 and contamed 0 07 mg N/ml and 
0 000 mg total P/mh , it was discarded. The gelatmous pre 
cipitate was washed once with distilled water, centnfuged 
and the washing discarded The precipitate was treated with 
160 ml water and enough H NaOH to brmg the pH to 9 0 
The mixture was stored at 6° overnight when the pH had 
become 7 0 A trace of imdissolved gel was removed by 
centrrfugmg and discarded The supernatant solution 
(160 mh) had N, 3 43 mg /mb, P (total), 0 25mg/iiiL, 
P(morgamc),0 Oil mg /mk.S, 1 29 mg /inL,S/N,0 38 The 
ongmal horse serum slbumm solution had SfN, 0 12 

(c) H horse senm albumin (phosphate, pH 7 6) A pre 
paration of H serum alb umin solution was made by reacting 
83 mk of 6 3 % horse serum albumm solution, 28 ml of 
0 6 m phosphate and 3 4 mk of H at 37° and pH 7 6 The pH, 
measured by a glass electrode inserted m the reaction vessel, 
was kept constant at 7 6 by the addition of NaOH After 
dialysis and electrodialysis, earned out as m the above pre 
paration, the resultmg solution had A(S/N), 0 11 and P/N, 
O 070 In this preparation 6 % of the phosphate was present 
as morgamc phosphate 

(d) H guinea pig serum (no buffer, pH 8-9) Dialysed 
fresh gumea pig serum (22 ml ), water (20 mk) and H 
(0 6 ml ) were stured 8 hr at 37° The solution was kept 
alkahne to phenolphthalem by the addition of 2 n NaOH 
solution The reaction mixture was dialysed agamst running 
tap water for 48 hr and filtered, the product had A(S/N), 
0 29 

(e) Controls Table 1 shows the results obtamed m control 
experiments In each case the reactants were contamed m 
76 ml water and stirred at 37° for 8 hr at pH 8-9 The 
resultmg solution was dialysed agamst r unnin g tap water 
for 70 hr and then electrodialysed to zero current agamst 
distilled water 

Table 1 Fixation of sulphur and phosphate 
by horse serum globulin 


Analyses of product 


Exp 

Reactants 

S/N 

P/N 

lAin 

Na.HP 04 (0 0126 g mol), 
horse serum globuhn 

(28g) 

012 

0 005 

LI 

‘Thiodiglycol phosphate’ 

(0 0126 g mok P) horse 
serum globulin (2 8 g ) 

012 

0 041 

LH 

‘ Thiodiglvcol phosphate’ 

(0 0125 g mol P), horse 
serum globulm (2 8 g ) 
if (1 ml) 

0 24 

0 062 


The product of Exp LU onlj was precipitated by the 
appropnate antiserum (Table 2) 


Expenmenis loith phosphatase Two different phosphatase 
preparations were used , one was an aqueous extract of rat 
kidney, the other a solution of an active powder prepared 
from dog faeces (Armstrong, 1936) Eor use 10 mg of this 
mtestmal phosphatase preparation was dissolved m 20 ml 
water The rat-kidney extract was prepared by grmdmg 
firesh, decapsulated rat kidneys m a mortar with sand and 
five times them weight of water, the resultant brei was 
stored at 6° overnight and centnfuged The supernatant 
hqmd was diluted twenty tunes with water for use 

At pH 9 6 (veronal buffer of Kmg A Ddoiy, 1940) and 
37° with 1 mg of phosphate as ‘ thiodiglycol phosphate ’ and 
6 ml of enzyme solution m 16 ml of digest, hydrolysis with 
the kidney phosphatase was 63 % complete at 6 hr and 
100% complete at 22hr , hydrolysis with the mtestmal 
phosphatase was 96 % complete m 6 hr and 99 % complete 
m 22 hr 

Under the same conditions, with the E horse serum 
albumm (phosphate) prepared at pH 8-9, as desenbed m the 
previous section, the mtestmal phosphatase gave 13% 
hydrolysis of phosphate at 22 hr and the kidney phospha 
tase gave 7 % hydrolysiB at 22 hr The H horse serum 
albumm (phosphate) prepared at pH 7 6 on treatment with 
the mtestmal phosphatase under the same conditions gave 
28 % hydrolysis of phosphate m 22 hr Both these solutions, 
after treatment with mtestmal phosphatase, were electro 
dialysed to zero current and analysed The analyses showed 
that the S/N values had not been altered by the phosphatase 
treatment, but that the P/N values had been reduced by 
20 % 

The pH 8-9 preparation before and after phosphatase 
treatment was precipitated by antiserum and the pre 
oipitations were inhibited by thiodiglycol phosphate’ 
(Tables 2 and 4) 

Immunization experiments 

Various courses of muiiunization were earned out 
by injecting antigens prepared by method (a) mto 
young adult rabbits In general, it was found that 
an intravenous course gave a fauly good antiserum, 
if this were followed by an mtrapentoneal course the 
antiserum obtained was much weaker, but if the 
mtrapentoneal course were followed by a second 
mtravenous course the antiserum was once more 
strongly precipitating 

Antigens prepared by method (a) fromanumber of 
different serum protems fell mto the following order 
of effectiveness pig serum globuhn, pig serum, horse 
serum globuhn, horse serum, rabbit serum, human 
serum globuhn, human serum 

The above general conclusions were arrived at 
from experiments on 100 rabbits As a result of 
these experiments, we settled on the followmg pro- 
cedure which was expedient and almost mx anablj 
gaie strongly precipitating antisera Rabbits were 
gii en a course of four mtrai enous mjections, each 
contammg about 8 mg of antigen mtrogen, at 4-day 
mtem als, and were bled out 3-10 days after the last 
mjection Tlie best results were obtamed when 
coupled pig serum globulm prepared by method (o) 
was the antigen 



660 


D S n^DNG, A M MOORE AND G C BUTLER 


The immunological experiments carried out mth 
antigens prepared by method (c) were too few to 
justify any conclusions All attempts to produce 
satisfactory antisera for antigens prepared by 
method (d) failed, a large number of such attempted 
immunizations were made by various procedures m 
cludmg mixmg the antigen with adjuvants aocordmg 
to the method of Freund & McDermott (1942) 
Precipitin tests These tests were earned out by 
mixmg 0 6 ml of antigen solution m mcreasmg 
dilutions (1/6 to 1/2660) with 0 6 ml of antiserum m 
constant dilution (1/6) , the diluent was 0 86 % NaCl 
All readmgs were made at room temperature After 
the test was set up frequent readmgs were made to 
detenmne which tube first showed defimte floccula 
tion , this established the optimal antigen/antibody 
ratio The test was then contmued at room temper 
ature overnight after winch time a final readmg of 
the precipitation was made 

Table 2 summarizes the results of precipitm tests 
of the sera of rabbits immunized mth R proteins pre- 
pared by method (o) These data are a representative 
selection fi:om a large number of such tests 

Inhibition tests A sample of strongly preoipitatmg 
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rabbit serum was produced by injecting H coupled 
horse serum globulin prepared by method (o), and 
this antiserum was titrated with decreasmg con- 
centrations of coupled gumea pig serum prepared by 
method (o) The optimum concentration of antigen 
for reaction ivith a 1/6 dilution of antiserum was 
0 026 % protem Inlubition tests were carried out on 
this optimal system as follows 0 26 ml of solutions 
with decreasmg concentrations of the vanous 
inhibitors were mciibated for 1 hr at 37° with 
0 26 ml of a 1/2 6 dilution of antiserum, the re 
sultmg mixtures were then tested for precipitation 
with 0 6 ml of coupled gumea pig serum protem 
solution contammg 0 026 % N The mlubitors tested 
m this manner were neutral solutions of thiodiglycol, 
thiodiglycol and sodium phosphate, 2 hydroxy-2'- 
glycmodiethyl sulphide, 1 4 thiazan 4 acetic acid, 
‘thiodiglycol phosphate’ and H glycme, the di 2 
(2' ammo 2' carboxyethylthioethyl) sulphide was 
dissolved at pH 9 smee it vould not dissohe at a 
lower pH The only solution which produced any m- 
hibition was that of ‘tluodiglycol phosphate’, the 
results of a typical inhibition test with tins material 
are to be seen m Table 3 


Table 2 Precipitin reactions of rabbit antiscia 

(The bracketed letters (a), (6), (d), (e) refer to the subsection m which the preparation of the complex is described 
h s a and h s g =horse serum albumm and globulm, respectively, r s =rabbit semm, g p s =gumea pig serum, p s g =pig 


am globuhn ) 



Optimal 

Time of 


Babbit 

Immunizing 

Amtisenim (1/6) 
titrated witn 

antigen cone 

appearance of 

Amount of 

no 

antigen 

(% protem) 

ppt 

ppt 

1321 

Hhsg (a) 

if h a g (a) (phosphate, pH 9) 

02 

2 mm 

+ + + + 

1321 

Hhsg (a) 

Normal horse serum 

01 

4 hr 

+ 

1321 

1321 

E bge (a) 
Ebeg (a) 

Ere (a) (phosphate, pH 9) 
Normal rabbit serum 

02 

Immediate 
No ppt 

+ + + + 

A24 

Ebeg (a) 

if g p a (a) (phosphate, pH 9) 

0 002 

1 mm 

+ + + + 

A24 

EbBg (a) 

H g p s (d) (no buffer, pH 9) 

0 002-0 03 

2hr 

+ + 

1363 

if r B (a) 

if a s g (a) (phosphate, pH 9) 

0 03 

16 mm 

+ 4- + 

J74 

Hpsg (a) 

if h s a (a) (phosphate, pH 9) 

02 

Immediate 

+ + + + 

J74 

ifpsg ( 0 ) 

if h B a (d) (no buffer, pH 9) 

No ppt Opalescence m 

all tubes 

A 72 

Hpsg (a) 

if h B a (6) (phosphate, pH 9, 
electro dialyzed) 

0 1 

1 mm 

+ + + + 

A 72 

Hpsg (a) 

if h s a (6) (same ns above but 
after phosphatase treatment) 

0 03 

1 min 

+ + + + 

A 72 

EpMg (a) 

if h s g HI (e) (‘thiodiglycol 
phosphate’, pH 9) 

06 

1 min. 

+ + + + 


Table 3 Inhibition test using ' thiodiglycol phosphate ’ 

(Antiserum to H horse serum globulm (phosphate, pH 9) Test antigen E gumea pig serum (phosphate, pH 9) Each 
tube contamed 0 26 ml of antiserum (1/2 6), 0 26 ml of inhibitor solution and 0 6 ml of antigen (0 026%) Degrees of 
precipitation op , opalescence without partioulation, tr , trace of precipitate, ±, +. + + » etc , mcreasmg degrees of 
precipitation ) 


Tube no 

1 

2 

3 

4 

6 

6 

Cone of inhibitor 

20 

10 

06 

0 25 

0 126 


(mg P/mL) 







Salme (mb) 






0 25 

Precipitation observed at 







30 min. 




op 

op 

+ + 4• 

2 6 hr 



op 

op 

op 

+ + + + 

6 hr 



op 

tr 

± 

+ + + + 

20 hr 


tr 

+ 

+ + 

+ + 

+ + + + 
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Table 4 Effect of 'thiodtglycol phosphate’ on precipitin reactions 
(Bracketed letters refer to methods of preparation ) 


Babbit antiserum to 

E horse serum globnhn (a) (phosphate, pH 9) 
H horse serum globnhn (a) (phosphate, pH 9) 
E horse serum globnhn (o) (phosphate, pH 9) 
E horse serum globnhn (o) (phosphate, pH 9) 

E pig serum globnhn (a) 

E pig serum globulin (o) 

Normal horse serum 
Hen egg albumm 


Test antigen 

E gmnea pig serum (o) (phosphate, pH 9) 

E gmnea pig serum (d) (no buffer, pH 9) 

E rabbit serum (a) (phosphate, pH 9) 

E horse serum albumm (6) (phosphate, pH 9, 
electrodialysed) 

E horse serum ^obuhn LH (e) (‘thiodiglycol 
phosphate’, pH 9) 

E horse serum albumm (a) treated with 
phosphatase 
Horse serum globuhn 
Hen egg albumm 


Inhibition 

+ 

+ 

+ 

+ 

+ 


The effects of ‘thiodiglycol phosphate’ m a 
numher of different precipitating systems are re 
corded m Table 4 

DISCUSSION 

The qpahtative effect of the presence of sodium 
phosphate on the reaction of H with protem was first 
suggested by the results of the inhibition testa, 
although a quantitative effect had heen noted pre 
vionsly It had been found in our espemnents that 
four tunes as much H could be brought mto reaction 
■with a protem m the presence of sodium phosphate 
to yield a soluble product as when the reaction was 
earned out under similar conditions but ■with no 
buffer present, this -was exclusive of the amount of 
H reacting vnth the phosphate itself Subsequent 
chemical analyses then established the fact that 
when H reacted -with protems m the presence of 
sodium phosphate at pH 7 6 or 9, complexes were 
formed which contamed residues of diethyl sulphide, 
phosphate and protem 

The presence of ester phosphate m the H protem 
phosphate complexes imght possibly have b^n due 
to the adsorption by the protem of some ‘thiodi 
glycol phosphate’, although this seems unhkely m 
view of the serological findings and the vigorous 
dialysis ■treatment which some of the complexes 
received before analysis In order to obtam more m 
formation on this pomt, however, one complex pre 
pared at pH 8-9 and one at pH 7 6 were treated -with 
phosphatase Although the two phosphatase pre- 
parations both hydrolysed the ‘thiodiglycol phos- 
phate ’ rapidly and completely they had only a gmn n 
effect on the antigens under similar conditions 

The H phosphate protem complexes are highly 
antigenic, and the groups mtroduced are powerftdly 
determmant m the immunological sense, smee such 
complexes formed from rabbit serum are antigemo 
for rabbits There is no direct evidence for the con- 
figuration of the determmant group mtroduced, but 
one iiosaibihty is that it is the same as the ‘thiodi- 
glycol phosphate’ but with protem substituted for 
one of the phosphate groups In this connexion ,it is 


important to note that some phosphate, but no 
sulphur, is fixed by the protem m the presence of 
‘thiodiglycol phosphate’ and that the product does 
not react specifically ■with antiserum to S protem 
(phosphate) This small amoimt of phosphate fixed 
m Exp LI (Table 1) may be related to the firaction 
of fixed phosphate hberated by phosphatase fi’om 
the complexes, m the latter case the phosphate 
content of the complex was reduced ■without a re 
duction m the sulphur content 

It IS most unhkely that the H phosphate protem 
complexes referred to above are the only products 
of reaction of H ■with protem m our experiments 
Anumber of diethyl sulphide groups could have been 
mtroduced mto the protem ■without the mtervention 
of phosphate, and these could be s imila r to those 
mtroduced when H reacts ■with protem ■with no 
buffer present Such a conclusion is mdicated by the 
results obtamed with antiserum A 24 (Table 2) 
Under the conditions of our experiments, such 
groups sho'wed very httle capacity for produemg a 
specific antibody response, and this lack of antigemc 
Botiiuty IS similar to that found by Boursnell et al 
(19466) for their H serum protem complexes These 
findings make it very difficult to mterpret the part 
played by H protem deri^vatives m the phenomenon 
of hypersensiti^vity to mustard gas 

A number of experiments were earned out to 
explore the possibility that the reaction of mustard 
gas simultaneously ■with morgamo phosphate and 
protem was of some significance m the mechanism of 
action of mustard gas on h^vmg cells, but all the 
findmgs were negative The results of our work 
proiiably have a bearmg on some other biochemical 
mvestigations of the mechanism of mustard gas 
action such as the effects of mustard gas on enzjmies 
and other protems in intro In the case of phosphate, 
nt least, ■the buffer could play a promment part 

SUJEHARY 

1 Two pure substances, 1 4 tluazan 4 acetic acid 
and (probably) 2 hydroxy 2' glycmodiethjl sul- 
phide, have been isolated from the product of re- 
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action of mustard gas {H) intli ethyl ammoacetate 
m anliydrous ethanol m the presence of sodium 
acetate 

2 The reaction of H ■with glyome m aqueous 
solution at pH 9 yields a ivater soluble product uuth 
unusual properties 

3 H reacts e'rtensively until sodium phosphate m 
aqueous solution , analyses of the reaction product 
mdicate that it is a sidphomum salt derived from 
2 mol of H and contammg tliree phosphate ester 
groups 

4 It has been found that when H reacts with 
serum protems m the presence of sodium phosphate 
at pH 8-9, complexes are formed which contam, m 
addition to an mcreased concentration of sulphur, 
appreciable amounts of esterified phosphate which 
cannot be removed by electrodialysis 

5 AATien these complexes are mjected mtra 
venously mto rabbits they give rise to strongly pro 
cipitatmg antisera 
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6 The precipitm reactions between these coupled 
protems and the appropriate antisera are mlnbited 
by the reaction product of H and sodium phosphate, 
but not by a number of other denvativ es of diethyl 
sulphide 

7 The complexes formed when H reacts wth 
serum protems at pH 8-9 uath no buffer present ha\ e 
been found to be meffectiv e m producmg serum pre 
cipitins m rabbits 

Microanalyscs of the reaction products of mustard gas and 
ethyl ammoacetate u ere earned out hj Airs Barker through 
the kmdness of Dr Leo Manon, Chemistry Division, 
National Research Council, Ottawa Carbon and hydrogen 
contents of the thiodiglycol phosphate’ uere measured by 
Dr A Elek, Los Angeles, Califomia 

Acknowledgement is made to Air J JI Chaput for his 
skilful technical assistance Thanks are due to Prof 
E G D Mnrmj for his contmwed interest and enconrage 
ment. Prof A M AA’jTine for helpful advice, and Dr A. R 
Armstrong for a gift of intcstmal phosphatase 
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Claims have been made that the level of serum 
chohnesterase can be correlated with certam psy- 
cluatnc conditions This level is said to be raised m 
states of anxiety and depression, and lowered m 
catatomc stupor, scliizophrema and epileptic condi- 
tions (Jones & Tod, 1937, Jones A. Stadie, 1939, 
Brrkhauser, 1941 o, b, Richter & Lee, 1942, Butt, 
Comfort, Dry & Osterberg, 1942, Schutz, 1944) 

The data accumulated were qmte often mcon 
sistent and did not permit de fini te conclusions about 
the role of chohnesterase m disturbances of the 
nervous tissue Mendel, Hawkms & Nishikawara 
(1948) assumed that this might be due to the fact 
that at the time when these earher mvestigations 
were reported the existence of two enzyme systems 
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capable of hydrolysmg acetylchohne was not kno'wn 
Only later Mendel & Rudney (1943) and Alendel, 
Mundell & Rudney ( 1 943) distmguished between the 
true chohnesterase and the pseudo cholmesterase 
and developed methods for measunng the acti-vities 
of these enzyme systems The authors claimed that 
only the true eholmesterase is essential for hydrolysis 
of acetylchohne in vivo 

The mvestigations reported m this paper were 
made because of certam therapeutic possibihties en 
■visaged, which might occur when usmg different 
substances mfluencmg chohnesterase actiiuty The 
follo'wing pomts were of particular mterest ( 1 ) 
Whether there existed any correlation between the 
values of true cholmesterase and the total bram size 
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and the numbeir of functioning neurons (ii) Wliether 
serum true chobnesterase \ aned m different mental 
disorders (ni) 'Wliat changes of true chohneaterase 
levels took place m the serum after electrically m 
duced convulsions (iv) Wiat relationship e-viated 
between true and pseudo cholmesterase m the serum 
if changes of one of them occurred (v) '\^Tlethe^ a 
relationship existed between true cholmesterase m 
the serum and m the cerebrospinal fluid (c s f ) 
(True cholmesterase m the c s f has recently been 
reported (Reiss Hemphill, 1948) ) 

METHODS 

The cholmesteraBe activity was determmed manometncally, 
using Warburg manometera, and the results expressed m 
pL of CO, produced by 1 tuL aerum or c s f m 30 mm at 
37 6° The substrate concentmtions used throughout the 
determination were 0 3m acetylcholine, 0 06u benzoyl 
chohne, and 0 3m acetyl p methylcbolme The substrate 
(0 2 ml ) was placed m the side compartment, and the oaf 
or serum m the mam compartment, with 2 % bicarbonate 
solution (0 2 ml ) and distilled water suificient to make the 
total flmd content up to 2 0 ml For true cholmesterase 
determmationa 1 mb of serum was used, but for determma 
tiona with acetylchohne and benzoylohohne 0 1 or 0 05 ml 
serum was sufScient Determinations with c s f required 
1 6 mb, only clear sera or c s f were used All estimations 
were made m dupheate, the average error bemg il 4% 
Blood was collect^ from the cubital vem The usual tech 
nique for electroshock treatment was followed, a major 
epileptic fit bemg mduced with standard Ediswan apparatus 
Blood samples were taken before and 2, 16 and 60 mm 
after the onset of the epSeptic fit The same procedure was 
repeated after several treatments 

RESULTS 

Serum true cholmesterase deterrmnations were 
made on fifty five male chrome psychotics (aged 
69-86 years) Tlie results were divided mto tliree 
groups, showmg tliose above (o), mside (6) and 
below (c) the normal range (Table 1) Of these 
patients 13 (24 %) showed serum true cholmesterase 
values withm the normal range, 31 (66 %) gave lugh 
values and 11 (20%) low values Twenty one 
middle aged schizophrenics and fifteen mental de 
fectiv^es gave normal v alues It is remarkable that 
the cholmesterase vmlue of the rmddle aged scliizo- 
plirenica is relatively constant over a jieriod of 
3 weeks One 9 year old mental defective, a hydro 
cephalic, gave high cholmesterase values (patient 
no 6 m Table 3) 

Some specimen values of the fifty five aged male 
psj'chotics for true and pseudo cholmesterase m 
serum and c f s are recorded m Table 2, while 
Table 3 shows true and pseudo cholmesterase v alues 
of mental defectwes Both tables show that no 
correlation could he found between the true cholm 
esterase and pseudo cholmesterase content of the 


serum There is also no correlation between the 
cholmesterase content of serum and c s f , the c s f 
cholmesterase content could be the same whether 
the serum level was 170 or 6 Tables 2 and 3 show also 
that low levels of serum or c s f cholmesterase were 
not related to small brains, as m defectives, or 
reduced cortical size, as m organic or senile dementia 

The serum chohnesterases of fifteen patients were 
investigated before and after electroconvulsion 
treatment Representative results of five patients 
are recorded m Table 4 The effect of the electrically 
mduced convulsions on the level of serum true 
cholmesterase was not the same for each patient 
From 1 to 90 mm after shook the true cholmesterase 
roay nse, faU or remam constant After repeated 
shocks, however, the serum true chobnesterase level 
of the patient (taken m the morning, under standard 
conditions, before treatment) showed a steady 
decrease Tins decrease is greater than spontaneous 
changes seen m middle aged schizophrenics m the 
course of 3 weeks (cf Table 1) 

Only very shght change can be seen m the level of 
the pseudo cholmesterase after electroshock treat 
ment The two enzyme systems react qmte mde 
pendently True chobnesterase could decrease, while 
pseudo chobnesterase showed a rising tendency, and 
vice versa 

DISCUSSION 

No correlation between pseudo and true cholin- 
esterase was found m any of the mvestigations des 
enbed m this paper This is m agreement with the 
recent findmgs of Mendel ei al (1948), who mvesti 
gated these enzyme systems m the plasma of male 
rats after thyroidectomy and mamtion However, 
considermg the qmte different substrates hydrolysed 
by these two enzyme systems no close biological 
correlation was to be expected 

The changes produced by electrical convulsions m 
the true chobnesterase level may be the expression of 
a regulatory mechanism startmg after mcreased 
acetylchohne production has taken place One could 
assume that two factors are mvolved m this regu 
latory process (1) immediately after an electrically 
mduced fit a great part of the enzyme system is used 
by the nervous system for the hydrolysis of acetyl 
cholme and disappears from the circulation, (2) new 
cholmesterase is produced as a compensation, and 
reaches the circulation The chronological co 
ordmation between these two processes is decisive 
for the kmd of change — decrease or morease — m the 
true serum cholmesterase after electroconvulsion 
treatment 

Some evidence was contributed bj animal expen 
rnents We foimd that after mtrav enous mjection of 
4—8 mg of acetylchohne into rabbits the true 
cholmesterase content of the serum 4 mm after m 
jection decreased m four experiments, was unchanged 
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Table 1 Serum true cholinesterase of some mental patients 
(Cholmesterase activities are expressed in /il CO, produeed by 1 ml sertim in 30 mm ) 


Ago Senun true cholmesterase 



No 

r 

Range 



^ 

Patients and controls 

mvestigated 

Average 

Range 

Mean ± a 

Aged psycbotics (a)* 

31 

60-76 

66 0 

02 8-233 

110 2±43 6 

(6) 

13 

00-77 

67 6 

26 0-64 3 

37 2± 8 0 

(c) 

11 

05-84 

76 

0 -22 4 

0 9± 81 

Middle aged scbizopbrenics 1 

21 

17^8 

347 

(22 4^8 0 

31 0± 6 47 

Same patients 3 weeks laterf 

122 4^5 4 

34 7± 6 69 

Mental defectives 

16 

13-64 

20 3 

26 4-64 8 

37 5± 8 47 

Normal controls 

11 

18-34 

28 3 

25 5-36 0 

31 6± 4 09 


* See text 


Table 2 Serum and cerebrospinal fluid cholinesterases of some male psychotics 

(Cbobnesterase activities are expressed m pi CO, produced by 1 ml semm m 30 nun ACh , acetylcholmo, BCb , ben- 
zoylcbolme, MCh , acetyl j3 methylcbobne ) 

Serum Cerebrospmal flmd 


No 

Patient 

Age 

ACb 

BCb 

MCb 

ACh 

BCb 

MCh 

4 

HM. 

62 

1060 

090 

170 

10 9 

45 

60 

6 

A.E J 

00 

1671 

402 

167 

14 7 

64 

90 

9 

PWB 

71 

3080 

1000 

110 

11 0 

2 1 

385 

21 

EEA 

72 

3630 

1467 

87 

16 4 

0 83 

56 

26 

ENP 

76 

1822 

1468 

63 

11 5 

2 62 

654 

29 

A J 

09 

2460 

436 

73 

12 0 

0 

4 7 

36 

TR 

73 

2080 

876 

37 

14 7 

1 7 

67 

48 

E A. 

78 

2240 

1012 

86 

16 4 

81 

84 

60 

DAI 

82 

1707 

062 

0 

21 0 

0 94 

92 

62 

WGH 

06 

2685 

1166 

8 

92 

0 

61 

63 

TW 

71 

1962 

840 

0 

15 9 

06 

10 0 


Table 3 Serum and cerebrospinal fluid cholinesterases of mental defectives 

(Cbobnesterase activities are expressed m pi CO, produced by 1 mb serum m 30 mm ACb , acetylcbolme, BCb , ben- 
zoylcbobne, MCb , acetyl metbylcbobne ) 


Cerebrospmal flmd Serum 


no 

Age 

' ACh 

BCb 

2ICh ' 

'ACh 

BCb 

MCh ' 

Diagnosis 

1 

29 

113 

33 

08 

2244 

830 

27 6 

Imbecile 

2 

27 

17 6 

3 0 

64 

2666 

1076 

32 2 

Imbecile (epileptic) 

3 

24 

16 6 

3 95 

7 86 

2631 

1212 

49 4 

Imbecde 

4 

24 

9 16 


6 16 

2699 

1166 

39 6 

Feeble mmded 

6 

28 

14 3 

42 

68 

2106 

828 

30 4 

Imbecile 

6 

9 

212 

69 

73 

4606 

2118 

63 8 

Hydrocephabo imbecde 

7 

13 

9 36 

2 68 

— 

2698 

1110 

36 3 

Micro cephabc 

8 

27 

10 8 



66 

2622 

836 

29 6 

Imbecde 

9 

20 

9 66 

49 

47 

2660 

1080 

39 7 

Imbecde 

10 

19 

86 

23 

36 

2498 

1068 

37 9 

Imbecde 

11 

64 

11 1 

07 

63 

2673 

960 

444 

Microcephahc imbecde 

12 

17 

9 8 

34 

48 

2311 

1388 

30 

Idiot 

13 

19 

17 8 

4 1 

86 

3773 

1642 

46 8 

Imbecde 

14 

66 





— 

1961 

842 

28 4 

jMicrocephabc imbecde 

16 

18 

141 

34 

6 1 

3123 

1388 

648 

Imbecde 

16 

20 

7 06 

242 

29 

2873 

1232 

37 2 

Mongol imbecde 


in one, and increased m a sixth (work to be published 
elsewhere) 

In most patients, after one electrically induced 
convulsion a lowered cholmesterase level could be 
seen on the next mommg, and a further shook at this 
tune would depress the cholmesterase level stiU 


further We do not know to what extent this level 
nan be depressed, nor do we know as yet whether 
many fits mduced at short mterveds would produce 
a rapid lowermg of serum cholmesterase or, on the 
other hand, stimulate a compensatory mechanism, 
but we feel that this effect of electroshock is of 
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Table 4 Scrum cholinesterases of patients before and after dectroconvnlsion treatment 


(Ciiolinesterage activities are expressed m pi , CO, produced by 1 ml serum m 30 min ACh , acetylcholme, BCh., ben 
loylohobne, MCb , acetyl metbylchobne ) 

After shock 


f 1 

Before shock After 1-3 mm After 16 mm After 60-90 mm 


Date 

Patient 

ACh 

BCh 

MCh 

ACh 

BCh 

"MCh 

^ACh 

BCh 

^ICh 

ACh 

BCh 

MCh 

12 1.4:8 

HJkJv 

3618 

1362 

70 

4100 

1637 

67 

3694 

1332 

62 

— 

— 

— 

19 1 48 


3538 

1443 

76 

3813 

1774 

74 

3460 

1312 

41 

— 

— 

— 

26 1 48 


3688 

1644 

66 

3901 

1672 

61 

3682 

1708 

65 

— 

— 

— 

19 1 48 

DRD 

2107 

939 

63 

2360 

1097 

63 

2163 

1093 

42 





— 

26 1 48 


2016 

908 

44 

2232 

1066 

41 

2264 

1081 

54 

— 

— 

— 

23 u.48 


2391 

1133 

34 

2666 

1300 

20 

2478 

1327 

32 

2408 

1286 

47 

21 VI 48 


— 

1080 

27 

— 

— 

— 

— 

— 

— 

— 

— 

— 

3 V 48 

W 



1186 

42 



1180 

39 



— 







— 

10 V, 48 


— 

1162 

36 

— 

1196 

34 


1142 

32 

— 

1266 

34 

3 V 48 

RT 



1622 

44 



1683 

41 



1479 

39 



1365 

42 

10 V 48 




1242 

37 

— 

1280 

32 

— 

1290 

36 

— 

1292 

41 

24 V 48 


— 

1210 

34 

— 

1346 

36 

— 

1232 

40 

— 

— 

38 

19 1 48 

GRW 

3349 

1414 

66 

3693 

1360 

98 

3488 

1466 

80 



— 

— 

26 1 48 


3395 

1443 

67 

3595 

1637 

70 

3196 

1356 

66 

— 

— 

— 

2 u 48 


2962 

1188 

42 

3626 

— 

61 

3365 

1374 

61 

— 

— 

— 


special interest in view of the recent reports ftom the 
Maudsley Hospital m London of the experimental 
treatment of psychotic illness and depression with 
anticholinesterase substances CNevm & Rowntree, 
1948) 

The abnormally high serum true ohohnesterase m 
more than half the chrome psychotic patients may 
also be explained on a basis of supply and demand 
Comparatively ahght activity of nerve cells may call 
for the production of correspondmgly httle acetyl 
chohne, while at the same time organs responsible 
for the production of ohohnesterase may produce a 
minimum amount of the enzyme, which, however, is 
not required It may be postulated that this higli 
blood ohohnesterase is an expression of a disturbed 
balance , but it would be premature to say as yet that 
this IS charaotenstic of a psychosis, hut may be an 
effect of age, more pronounced m psychotic than m 
normal mdividuals 

The mental defectives, bemg both young and not 
psychotic, can be imagmed to have a neural equi- 
librium more resembhng normal, and, as the chohn 
esterase level does not seem to be related to bram 
size or quantity of neurons, it is reasonable to expect 
that the serum chohnesterase would be witlun the 
normal range, which has been found to be the case 

The complete disappearance of chohnesterase m 
some of the oldest patients is probably due to the 
cessation of the production of an enzyme which has 
not been required for a long period, or to a general 
atrophy of the centres of production 


The remarkable absence of correlation between 
true chohnesterase m the serum and m the cerebro 
spmal fluid cannot be explamed at present 

SUMMARY 

1 Of fifty five aged male psychotics studied, 
thirty one had a high, thirteen a normal and eleven 
a low serum true chohnesterase 

2 Of sixteen mental defectives mvestigated 
fifteen gave values withm the normal range A low 
serum or cerebrospinal flmd chohnesterase level was 
not related to brain size 

3 No correlation could be observed between 
true and pseudo ohohnesterase levels, or between 
serum and cerebrospinal flmd chohnesterase 
levels 

4 The significance of the true cholmesterase 
levels m the various groups is discussed 

6 From 1 to 90 mm after electroconvulsive treat 
ment the serum chohnesterase level may be raised, 
lowered or unchanged, but after repeated shocks 
there is a decrease m this level 

6 It is suggested that the changes m true chohn- 
esterase levels m electroconvulsion treatment cases 
may imply a regulatory mechanism m which (i) 
chohnesterase is at once used by the central nervous 
system to break down acetylcholme, and therefore 
disappears from the blood, and (u) new chohnesterase 
IS produced to enter the blood stream 
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Ammo-acid Decarboxylases of Rat Liver 


By G H SLOANE STANLEY, Depariment of Pharmacology, University of Oxford 


(Received 22 April 1949) 


Two ammo acid, decarboxylases are known to occur 
m the rat’s hver 3 4 dihydroxyphenylalanme 
(DOPA) decarboxjdase (Holtz & Credner, 1942), and 
cjeteic acid decarboxylase (Blaschko, 1942a) Data 
on the activities of these two enzymes m hver ex- 
tracts from normal rats were required, for compan 
son with observations on animals deficient m vitamin 
B, (Blaschko, Carter, O’Brien & Sloane Stanley, 
1948) Differences were found m the cysteic acid 
decarboxylase activities of hver extracts from male 
and female rats, the present paper contams an 
analysis of these findmgs 

Page (1945) has nob been able to find any DOPA 
decarboxylase activity m extracts from rat tissue , 
experiments reported below were earned out m 
which his findmgs were tested 


determme the amount of COj retamed m the solution as 
bicarbonate The substrates used were either l- 3 4-dihy 
drovvphenvlalanmo or l cysteic acid All experiments were 
earned out at 37 6° m an atmosphere of N. The enzymic 
aetmtics of the extracts were calculated from the mitial 
hnear rates of formation of COj, correeted for retention 
Adult white rats of the Wistar stram were used through 
out 

RESULTS 

3 4 Dihydroxyphenylalanme decarboxylase 
activity of liver extracts 

Extracts from eighteen normal rats’ hvers were 
tested, the results are given m Table 1 The mean 
xalueof^coj (DOPA)was 0 69, there wasno correla 
tion of the enzymic activity wuth either sex or age of 
each rat These experiments show that, under the 


DIETHODS 

The manometno measurement of decarboxylase activity 
followed closely the methods already described (Blaschko 
1942 a, h) Extracts were prepared as follows The tissues 
were ground with sand m the cold for 6-10 mm , untd there 
was no further change m the appearance of the paste, ice 
cold 0 0876 m sodium phosphate buffer of pH 7 4 (1 ml /g of 
tissue) was then added, and the mixture was centrifuged for 
6 mm. at a relative centrifugal force of about 800 g, to 
remove the sand and a few pieces of connective tisane and 
undamaged cells The opaque viscous supernatant flmd was 
used The enzymic activity is expressed as geo,, 1 e as /d 
CO, formed/mg fresh wt of tissue/hr The substrate used is 
shown m parentheses, thus g^o, (DOPA) or g^o, (cysteic) 
In the calculation, the simphiymg assumption was made 
that 1 ml of extract contamed the enzymic activity from 
600 mg of tissue 

For the manometno experiments, each flask contamed 
1 6 ml of extract 0 4 ml of either water or 0 01 M substrate 
was added from the side bulb immediately after the mitial 
readmgs Readmgs were taken for 30 mm , after which 
time the contents of each flask were acidified by addmg 
0 3 ml of 3 n H,S0, from the central well, m order to 


Table 1 3 4 Dihydroxyphenylalanme decarboxylase 


Body wt 

activities of rat livers 

?co (DOPA) 

(g) 

Sex 

(pL CO /mg fresh hver/hr ) 

* 



0 438 

* 

— 

0 794 



cJ 

0 676 

166 


0 820 

166 

— 

0 820 

170 

? 

0 690 

173 


0 640 

180 

— 

0 641 

186 

— 

0 887 

216 

— 

0 876 

220 

? 

0 820 

230 


0 706 

260 

— 

0 643 

270 

c? 

0 663 

283 

c? 

0 690 

306 

(? 

0 610 

Mean 0 89 

s E of mean±0-03 


• Each determmation made with the pooled hvers of two 
rats 
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Group no 
Type of rats 


Mean 

SE of mean (±) 


Table 2 Cysteic acid decarboxylase activities of rat livers 
icOi (cyateic) (pi COi/mg ffeah Iiver/hr ) 


1 

11 

in 

IV 

VO 

vb 

Normal 

Normal 

Castrated 

Spayed 

Spayed $, 

Spayed 

? 

d 

<? 

$ 

untreated 

-(-oestrone 

0 000 

0 030 

0 088 

0 088 

0 034 

0 030 

0 031 

0 053 

0 098 

0 097 

0 040 

0 064 

0 034 

0 062 

0 100 

0102 

0 076 

0 059 

0 044 

0 088 

0100 

0135 

0 088 

0 060 

0 060 

0112 

0 116 

0 164 

0100 

0 070 

0 060 

0 119 

0125 

0 169 

0 138 

0 080 

0 050 

0120 

0146 

0194 

0 138 

0 083 

0 050 

0 125 

0162 

0 231 

0 146 

0 094 

0 064 

0 131 

0160 

— 

0160 

0 006 

0 066 

0 137 

0169 

— 

0 153 

0160 

0 063 

0 144 

0181 

— 

0 167 

0176 

0 063 

0144 

0 212 







0 063 

0166 









0 063 

0 163 









0 066 

0170 









0 073 

0172 









0-075 

0175 









0 081 

0 200 









0-083 

0 206 









0 090 

0 206 









0 100 

0 244 









0119 

0 250 









0133 

0 250 









0 240 

0 260 









— 

0 310 

— 

— 

— 

— 

0 070 

0160 

01S7 

0140 

0112 

0 087 

0 008 

0 013 

0011 

0 018 

0 014 

ooos 


conditions used, the eazyzmo activity of the rat’s 
liver was easily measurable A companson. with the 
data given by Blaschko (1942h) shows that the 
activity of hver extracts of other species (rhesus 
monkey, cat, dog, Hana temporana) was much lower , 
the activity of guinea pig’s hver extract was of the 
same order as that foimd m the present expenments 
■with the rat 

The DOPA decarboxylase activity of two extracts 
of rat’s kidney has also been determined , the values 
9co, (DOPA) found were 0 08 and 0 00 

Cysteic acid decarboxylase in rads liver 
Measurements of (cysteic) were made with 
extracts from the livers of ninety five animals The 
results are given m Table 2 , the mean i alue for each 
group and the standard error of each mean are also 
given 

The cysteic acid decarboxylase activuties of ex 
tracts from different animals varied very widely It 
was found that the mean enzymic activities of ex 
^cts from the livers of animals of opposite sex were 
different, this was shown by the experiments of 
groups i and u The mean q^o^ (cj’steic) for twenty 
SIX female rats (group i) was 0 07 , tins was less than 
an the correspondmg figure for twenty sev^en males 
u), which was 0 16 The probabihtj that this 
erence arose by chance is less than 1 m 1000 
In order to analyse further the sex difference m 


enzymic activity, expenments were earned out on 
castrated male rats and ovaneotonnzed females 
Twelve male rats were castrated, and the animals 
were killed 30 days after the ojieration (group ui) 
The mean value of geo, (cysteic) for hver extracts 
from these animals was 0 137, this value was not 
sufficiently different from that for the normal male 
rats of group u to suggest that castration had any 
significant effect 

The low cysteic acid decarboxylase actmty of the 
extracts of female rats’ hvers was found to depend on 
the presence of the ovaries Eight rats were o\ an 
ectomized and the enzymic activities of extracts of 
their hv'ers were determmed 25 days after the opera 
tion These are the animals of group IV Tlie difference 
between the mean value for q^^ (cysteic) of 0 14 for 
tins group and that for the normal male rats of 
group u was not significant (P>0 5), on the other 
hand, the difference between this value and the 
mean for the normal females of group i is significant 
( P <^0 01 ) 

In another senes of experiments twentv two 
female rats were ov anectomized (group v ) After a 
period of 3 weeks, eleven of these rats (subgroup 
\ 6) were treated with oestrono, the remammg 
eleven animals (subgroup \a) served ns untreated 
controls Each rat of subgroup vb received a sub 
cutaneous mjection of 2 ;ig of oestrone m 0 2 ml of 
ohv e oil/lOO g of bodj weight, ev ery second or tlurd 
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day This treatment was contmued for a period of 
about 66 days, by the time of death, each animal 
had received between seventeen and twenty mjec 
tions The mean value for the enzymic activity of 
hver extracts from the oestrone treated ovanecto- 
mized rats was 0 112, that for the untreated ovan 
ectomized animals was 0 087 The difference between 
the mean values for enzymic activity m the two sub 
groups was small, the probabdity of the difference 
arising by chance being 1 m 8 Yet the higher value 
for the untreated animals differed significantly from 
that for normal females (P = 0 02), and the difference 
between the mean values for the oestrone -treated 
animals and for normal females was not significant 

DISCUSSION 

The obsen^ations on DOPA decarboxylase are m 
qualitative agreement with the statement of Holtz 
& Credner (1942) that extracts of rat’s hver and 
kidney contam the enzyme, and they do not confirm 
the results of Page (1946), who failed to find the 
enzyme m the rat His figures for the enzymic 
activity m extracts of other tissues known to contam 
the enzyme are lower than those previously reported 
(Blaschko, 19426) 

In the present experiments, the DOPA decarboxy- 
lase activities of rat kidney extracts were found to be 
much lower than those for extracts of rat hver This 
IS mterestmg, as m all other mammahan species 
lutherto exammed the kidney has been the organ 
yieldmg extracts of the highest activity Quanti- 
tatively, the present data differ from those of Holtz 
& Credner (1942), who found a higher activity m rat 
kidney extracts This difference is probably due to 
the different technique employed by these authors, 
who used more dilute tissue extracts, made with a 
buffer of pH 6 6 At tlus pH the enzymic reaction 
does not run to completion, m fact, the reaction 
comes to a standstill so quickly that it seems doubtful 
whether the method is useful for the accurate 
measurement of enzymic activity In the present 
experiments, the pH of the buffer used was 7 4, and 
the extracts were concentrated, the reaction was 
usually followed to completion and was found to be 
approximately quantitative 

The experiments on cysteic acid decarboxylase 
may explam the apparent contradiction m the 
results of Blaschko (1942o) and Medes A Floyd 
(1942) The latter authors were not able to demon 
strate any cysteio acid decarboxylase activity m the 
rat’s hver The present experiments have shown that 
the mean enzymic activity m hver extracts from 
female rats is low, m some animals the activity was 
very low or almost absent If Medes & Floyd (1942) 
used female rats for their experiments, this might 
account for then failure to demonstrate the presence 
of the enzyme 
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The observations on the ovanectomized animals 
mdicate that the low enzymic activity m hver 
extracts from the female rats depended on the 
presence of the ovaries , both series of ovanectomized 
animals had a high mean cysteic acid decarboxylase 
activity The lowered values m the animals treated 
with oestrone suggest that the presence of this 
hormone m the normal female is connected with the 
low enzymic activity 

The sex difference observed was unexpected, as 
there is no obvious connexion between the ovaries 
and the reaction catalysed by cysteic acid decar 
boxylnse The product of the reaction is taurme 
Taurme occurs m the body os a constituent of tauro- 
choho acid, and it seems possible that the activity of 
the enzyme is hnked up with the biosjmthesis of 
taurochohc acid There is good evidence that the 
bile salts are concerned with the emulsification and 
absorption of fat m the mtestme (see Frazer, 1946) 
It 18 therefore possible that the rate of absorption 
of fat in the rat’s gut is limited, through the 
rate of supply of taurochohc acid, by the cysteic 
acid decarboxylase activity of the animal’s 
hver 

Sex differences m fat metabolism have been de 
scribed by Bum & Lmg (1934), who found that m 
rats on a diet rich m butter the mjection of antenor 
pituitary extract caused ketosis m some of the 
females, but not m males Pregnant animals fed on 
the butter diet developed an mtense ketosis just 
before parturition Furthermore, it was found by 
Gyorgy, Rose & Slupley (1947) that ovanectomized 
female rats, fed on a diet noh m fat, developed fatty 
livers, the deposition of fat m the hvers of these 
animals could be prevented by the administration of 
methionme, together with oestrone, but not by 
methiomne alone 

Together with the present findmgs, these observa 
tions raise the question whether the female rat, as a 
result of the low cysteio acid decarboxylase activity 
of its hver, does normally have a low rate of fat 
absorption Ovanectomy, or other factors raismg 
the cysteic acid decarboxylase activity of the hver, 
might be expected to mcrease the rate of fat ab 
sorption to a level at which the animal would develop 
ketosis or a fatty hver The effects of anterior 
pitmtary extract, pregnancy, and ovanectomy on the 
rate of absorption of fat m the gut and on the cysteio 
acid decarboxylase activity of the hver of the female 
rat could be tested experimentally 

It has also been reported that the 'non specific 
chohnesterase’ of rat hver is distributed unevenly 
between the sexes , extracts from the hvers of females 
have a higher activity, which is lowered by oi’an- 
ectomy and raised agam by oestrogen treatment 
(Sawyer & Everett, 1947) The authors consider it 
possible that this enzyme is concerned m fat meta- 
bolism 
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1 The 3 4 dihydroxyphenylalanme (DOPA) de 
carboxylase activities of extracts of rats’ livers 
and kidne 3 ' 8 , and the cysteic acid decarboxylase 
activities of extracts of rats’ hvers, have been 
measured 

2 The DOPA decarboxylase activity of extracts 
of rat liver is comparatively high, bemg of the same 
order as that previously recorded for extracts of 
gumea pig liver The rat is unusual m that the D OP A 
decarboxylase activity of an extract of its kidney 
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is much lower than that of its hver , the ratio is about 

1/10 

3 The mean cysteic acid decarboxylase activity 
of extracts of the hvers of male rats is about twice 
that of females This difference can be abolished by 
the spaymg of the females, but not by the castration 
of the males , it is partly restored by the mjection of 
oestrone mto the spayed females 

I wish to thank Prof J H Bum, F R S , and Dr H 
Blasohko for their help and encouragement, also Dr 
Blaachko and Dr J M Walker for perfonmng operations on 
some of the rats This work was done during the tenure of 
a Medical Research Council Studentship 
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Methods for the Determination of iV-Methyl-2-pyridone- 
5-carboxylamide and of N-Methyl-2-pyridone- 
3-carboxylamide m Human Urine 

By W I M HOLMAN and D J DE LANGE 
South African Inst%tutc for Medtcal Research, Johannesburg 

(Received 30 May 1949) 


Knox &, Grossman (1946, 1947) showed that N- 
methylnicotmamide can be oxidized by an enzyrmo 
m rabbit bver to N methyl 2 pyndone 6 carboxyl 
amide and isolated the latter compound from bnman 
urine after the mgestion of doses of 0 6-0 9 g of 
nicotmamide per day Tlie conversion of part of the 
A methylmcotmamide formed m the body mto the 
pyridone may explam why, m the past, it has been 
iwssible to account for only a small proportion of a 
dose of mcotmamide m the unne m the form of then 
known metabohtes of mcotmic acid, and why the 
unnnry excretion of N methylmcotmamide shows 
httlo correlation with the dietary mtake of mcotmic 
acid (Perlzweig & Huff, 1946, Knox & Grossman, 
1346), but before the full significance of this new 
metabolite of mcotmic acid can be elucidated, an 
accurate motliod for its determmation m unne is 
required 

Holman A, Wiegand (1948) sjmthesized N- 
methjl 2 pyndone 6 carboxvlarmdebymethylation 
and oxidation of mcotmic acid, and com ersion of the 


resultmg N methyl 2 pyndone 6 carboxyhc acid to 
the correspondmg amide They found that the 
methylation and oxidation of nicotmaimde gave 
N methyl 2 pyndone 3 carboxylamide The work of 
Knox & Grossman gave no evidence that the latter 
compound is excreted m human urme after admin 
istration of nicotmanude, but further information on 
tins point 18 desirable 

Smce pure specimens of both the isomeric amides 
were available, a study of their properties was made, 
m an effort to find reactions which could be used for 
their determination m urme It was observed that 
the 2 3 anude could be nitrated at room temperature 
m the presence of concentrated sulphunc acid, and 
that the resultmg mtro compound ga\ e an mtense 
and reasonably stable colour when made alkalmo 
with sodium hydroxide The 2 5 amide also could bo 
nitrated, but only by the apphcation of heat, its 
nitration product ga^o a yellow colour with weak 
alkalis as well as with sodium hi droxide The colour 
faded rapidlv m the presence of sodium hydroxide. 
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but was reasonably stable in the presence of weak 
alkalis The compounds could be estimated colon 
metrically by these reactions 

Before the methods could be applied to urme it was 
necessary to remove other substances which are 
capable either of bemg mtrated to denvatives which 
are coloured m alkahne solution (e g denvatives of 
phenol, imidazole, purme and pynmidme), or of 
substances mterfenng m other ways, e g by oharrmg 
m concentrated sulphuric acid It was found possible 
to separate pyndones either present m, or added to, 
urme from almost all extraneous matter by makmg 
use of theu shght solubdity m cliloroform and of their 
capacity to be adsorbed by Lloyd’s reagent By the 
apphcation of these prmciples, procedures were 
worked out for the determmation of both amides m 
human urme 

IVEETHODS 

Reagents 

6 n H^Oi, 0 In H^04, 0 4n NaOH m methanol (diluted 
firom saturated aqueous solution of NaOH with A R 
methanol), methanol (AR), n NaOH, CHQj (grade for 
anaesthesia), nitratmg mixture (1 g pure KNO3 dissolved 
by warrumg m 6 ml pure cone H,S04, freshly prepared and 
cooled before use), 96% (v/v) ethanol, 16% (w/v) NajCOs, 
standard solutions of N methyl 2 pyndone 3 carboxyl 
amide and N methyl 2 pyndone 6 carboxylamide (0 1 mg / 
ml , the solutions were stable for at least a month when kept 
m a refngerator) 

Procedure 

Specimens of urme were collected every 24 hr m 26 ml 
of a mixture of equal volumes of glacial acetic acid and 
toluene If the total volume was < 1600 ml the specimen 
was diluted with water to 2 1 Specimens were usually 
filtered immediately after collection and the filtrate analysed 
without delay Samples stored m a refngerator for 6-10 days 
and then filtered gave shghtly lower results, apparently 
owmg to loss by adsorption In such cases it was necessary 
to dissolve the sediment as well as possible by warmmg and 
mixmg, and to omit filtration 

Detemiinatton of 

N methyl 2 pyndone 6 carhoxylamide 

Adsorption on Lloyd's reagent With normal urmes, 26 ml 
of the filtered sample were transferred to each of four 60 ml 
centnfage tubes H the pyndone content was exceptionally 
high, e g after the mgestion of a dose of mcotmamide, it was 
necessary to dilute the urme to a suitable extent before 
analysis Two of the tubes were labelled TJ (unknown) To 
each of the remammg tubes was added 1 ml of the standard 
solution of N methyl 2 p3Tidone 6 carboxylamide and the 
tubes were labelled R (recovery) From this stage onwards, 
until the final extraction with CHClj had been completed, 
aU four tubes were treated m exactly the same way One ml 
of 6n HjS 04 added to each tube, followed by 2g 
Lloyd’s reagent The tube was stoppered, shaken for 6 mm , 
centrifuged and the supernatant flmd discarded. To the 
Uovd a reagent m the tube were added 25 ml of 0 1 N 
HjSOj and, after shaking and centnfugmg, the supernatant 
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fluid was agam discarded To the Lloyd’s reagent m the tube 
were added 10 ml 0 4n NaOH m methanol and, after 
shakmg for 6 mm and centrifuging, the supernatant flmd 
was transferred to a 160 ml glass stoppered extraction 
flask The residue m the centnfuge tube was washed with 
6 m] methanol and, after mixin g and centnfugmg, the 
washmgs were added to the contents of the flask The extract 
and washmgs were neutralized with glacial acetic acid 
(0 16 ml ) and evaporated m a boihng water bath to a 
volume of 1 ml , and then to dryness with the aid of suction, 
takmg care to avoid loss by sputtermg and to obtam uniform 
drymg 

Extraction with chloroform Exactly 0 6 ml aqueous 
n NaOH and 26 ml CHCl, were added to the dry residue m 
the flask, which was stoppered (no grease) and shaken for 
6 mm The mixture was filtered through a dry pajier 
(IVhatman no 42, 12 6 cm ), takmg care to minimize 
eiaporation, mto a glass stoppered 60 ml measunng 
cjhnder contammg 10 ml of a dilute aqueous solution of 
acetic acid (2 ml glacial acetic acid/L) until the total volume 
was exactly 30 ml The contents of the measuring cyhnder 
were shaken for 6 mm and the layers allowed to separate 

Portions (6 ml ) of the aqueous layer were transferred 
from each measunng cyhnder to a 7 x 1 m Pyrex test tube 
and the appropriate tubes were marked U and R The flmd 
remammg m the four measunng cylmders was combmed, 
the layers were allowed to separate, and 6 ml of the 
aqueous layer transferred to a fifth test tube and marked B 
(blank) The contents of the five tubes were evaporated to 
dryness m a boilmg water bath, the residue was perfectly 
white in colour 

Nitration Exactly 0 3 ml of mtratmg mixture was 
added to the bottom of each tube which was shaken to 
dissolve the residue The tubes marked U and R were 
heated for 1 hr m a boilmg water bath and the tube marked 
B was left at room temperature for 1 hr 

Development of the colour This step was earned out under 
carefully controlled conditions An apparatus was used 
consistmg of an electncally driven stirrer with a blade which 
fitted closely mto the bottom of a 7 x 1 m test tube, and 
three burettes so arranged that they could dehver water, 
16% (w/v) NojCOj and ethanol, respectively, mto the tube 
with contmuous stirrmg The stirrer was made by flattenmg 
the end of a glass rod and shapmg to fit the tube A fivezmg 
bath at - 6° was prepared by msulatmg a wide mouthed 
vessel of about 1 1 capacity inth asbestos and filling with a 
solution of 100 g NaCl m 900 ml water The temperature 
was reduced to - 6° by the addition of powdered ‘dry ice’ 
and mamtamed by the occasional addition of a further 
spoonful of ‘ dry ice ’ 

After the mtmtion each tube was treated, m turn, as 
follows The tube was clamped so that the stirrer fitted 
closely mto its base After switchmg on and ensurmg that 
the 0 3 ml of mtratmg mixture was bemg mixed thoroughly 
and that the stirrer speed was about 300 r p m , the 
freezmg bath was raised until the tube was well immersed 
After stirrmg for 0 6 mm , 1 ml distilled water was added, 
drop by drop, over a penod of approx 1 mm , followed by 
6 ml 16% (w/v) Na,COj drop by drop, over a period of 
4-6 TTiin The freezmg bath was lowered until the tube no 
longer dipped mto it and 20 ml ethanol were run m dnrmg 
1 rmn The stirrer was switched off, the tube removed, and 
the contents transferred to a centnfuge tube and centrifuged 
for 10 mm at 3000 r p m to remove precipitated NojCO,, 
20 ml of the supernatant fluid were pipetted mto a flask 
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and diluted mtli 6 ml distilled ivater (to prevent the 
appearance of turbidity on standing) 

The colour mtensity of each solution "was measured agamst 
the blank m a photometer at 460 mp., usmg a 3 cm celL 
The blank was colourless 

CalciHaUon of results N methyl 2-pyndone 6-caibo3yl 
amide (mg eicreted/24 hr ) = - C7) x 0 1 x F/u, where 

XJ and R are the average optical densities of unknown and 
recovery respectively, V is total vol (ml ) of 24 hr sample 
of nnne after all dilutions have been made, and o is vol 
(mh) of urme taken for analysis (26 mL) 

Determinatton of N methyl 2-pyndone- 
3 carboxylamtde 

The procedure was very similar to that descnbed above 
Except that 1 mh of the standard solution of the 2 3 amide 
was used, the techmgue for the adsorption on Lloyd’s 
reagent and for the extraction with OHCl, was identioi m 
the two methods 

After extracting with CHOI3, 6 mi. of the aqueous layer 
were transferred from each measurmg cyhnder to a test tube 
and evaporated to dryness A separate blank was not re 
quired. To each tube was added 0 3 ml mtratmg mixture 
and the residue dissolved by rotating the tube After 
standing for several mmntes at room temperature, the 
contents were diluted and neutralized at - 6°, as descnbed 
above After adding 20 mh ethanol and centnfugmg off the 
precipitated NajCOj, 20 ml of the supernatant Smd were 
diluted with 6 ml distilled water The optical density of the 
solution was road against distilled water at 420 mp,, usmg 
a 3 cm cell, before and after the addition of 0 06 ml 
saturated aqueous KOH The 24 hr excretion m mg was 
calculated by the formula given for the 2 5-aniide, taking IJ 
ns the average difference between the optical density of the 
unknown before and after the addition of KOH, and R as 
the corresponding difference obtamed with the recovery 

RESULTS AND DISCUSSION 
Accuracy of the methods 

Under the conditions of nitration and colour de- 
V elopment described above, the relationship between 
optical density and concentration of pyndone is 
linear (Fig 1) To obtain constant colour develop 

inentwiththo2 6 amide, care must be taken with the 

dilution and neutralization, smee the colour m 
tensity is greatly mfluenced by the conditions of 
temperature and pH Sodium carbonate gave the 
best results of a number of weak alkalis tested The 
offeotiveness of the above technique probably hes m 
the fact that the carbon dioxide evolved durmg the 
reaction between the carbonate and the diluted acid 
mixture keeps the pH at the optimum value In the 
case of the 2 3 amide these conditions are not so 
important 

With both isomers losses occur m the adsorption 
on Lloyd’s reagent ns weU as m the extraction with 
chloroform, but the proportion of different added 
amounts of either the 2 6 or the 2 3 amide which is 
recovered bv the present teclmique (about 30%) is 
Biocbem 1949, 45 


constant for any particular sample of imne, provided 
that the analyses are earned out side by side m the 
same way, and that the amounts of added pyndone 
do not vary over too wide a range There is a shght 
tendency for the percentage recovery to decrease as 
the amount of added pyndone is mcreased, but the 
effect is insigmficaut if the amount does not vary 
more than about threefold 



Fig 1 Typical standard curves for N methyl 2 pyndone 
6-oarboxylamide [A), and N methyl 2-pyndone-3-car- 
boiylanude (B) A Lnmetron colorimeter was used, with 
1 cm cells. 

The degree of precision of the method for the 2 6 
amide, which has been exammed m more detad than 
that for the 2 3 amide, should be adequate for most 
purposes The average deviation between the optical 
densities of parrs of unknown solutions or recovenes 
has been found to be 2 6 %, and that between results 
for the pyndone content of urme calculated on the 
basis of one unknown and one recovery to be 10 % 
Results calculated on average values for the optical 
density of two unkown solutions and two recovenes 
show a considerably lower degree of vanabihty, of 
the order of 6 % 

The specificity of the two methods has been 
studied m considerable detad Of a number of com 
pounds which were mtrated m amounts of 0 5 mg , 
the followmg ga\ e no colour when mtrated at room 
temperature or at 100°, and when made alkalmo 
either with sodium carbonate or with potassium 
hydroxide phenol, histamme, caffeme, xanthme, 
adenme, unc acid, guonme and tliymme Histidme, 
tyrosme and tvramme ga\ e v ellow colours but they 
were produced after mtration either at room tem- 
perature or 100°, and m the presence of either 
sodium carbonate or potassium hjdroxide Smee 

30 
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the blanks in the methods for both isomers are 
colourless, it is obvious that these compounds, if 
present m normal urme, are removed by the adsorp 
tion and extraction processes and do not mterfere 
In the method for the 2 3 amide a trace of brown 
colour of unknown ongm develops on the addition of 
potassium hydroxide and gives apparent values of 
0 1-1 6 mg /day for the unnary excretion of this 
isomer Smce the colour differs widely m spectral 
absorption properties from the yeUow colour given 
by the 2 3 amide, the true amounts excreted must bo 
less than these appeirent values The fact that no 
significant mcrease m the appEirent values occurred 
after the ingestion of a large dose of mcotmamide 
(Table 1), strongly suggests that the 2 3 amide is 
not excreted m human unne 

Although the 2 6 etmide gives no colour m the 
method for the 2 3 armde, the latter compound, if 
present m unne, would mterfere m the method for 
the 2 6 amide, smce, when mtratod at 100°, it be- 
haves m a s imil ar manner to the 2 6 amide, givmg a 
yellow colour with sodium carbonate Evidence has 
been provided above, however, that the 2 3 amide is 
not present m urme Confirmatory evidence that the 
method for the 2 6 amide is specific for the latter 
compound is afforded by the fact that the yellow 
colours given by a large number of samples of urme, 
when read agamst the correspondmg blanks, m 
vanably showed the same spectral absorption pro 
parties as the yellow colour denved from pure N- 
methyl 2 pyndone 6 carhoxylamide 

Although both the correspondmg acids, namely, 
N methyl 2 pyndone 6 carboxyhc acid and N 
methyl 2 pyndone 3 carboxyhc acid can be nitrated 
and give the same respective colour reactions as the 
armdes, they are not extracted from alkalme aqueous 
solution by chloroform, and therefore, if present m 
unne, would not be mcluded m the result A method 
for the determmation of the 2 6 acid m urme is bemg 
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worked out and -will be reported m a later communi- 
cation N ethyl 2 pyndone 3 carhoxylamide, N 
benzyl 2 pyndone 3 carhoxylamide, and iV-benzyl- 
2 pyndone 6 carboxyhc acid give similar colour re 
actions after nitration, but there is no reason to 
suspect the presence of these compounds m urme 
A^-methylnicotmamide gives no colour reaction The 
specificity of the methods has been tested only with 
normal urmes and with urmes excreted bj’’ normal 
adults after admmistration of nicotmic acid and 
related compounds 

AppltcaHon of the methods 

In Table 1 are shown the results obtamed by the 
present methods for the excretion of the 2 6 and the 
2 3 armdes by two healthy adult European subjects 
(no 1, a male of 27 years , no 2, a female of 36 years) 
on successive days before and after the oral admm 
istration of 600 mg of mcotmamide The correspond 
mg values for the urmarj excretion of the total acid 
hydrolj'sable den\ ati\ es of nicotimc acid and of N- 
methylmcotinamide are also mcluded m the table 
Tlie results show that the 2 3 amide is of no signifi- 
cance m mcotmic acid metabohsm, but that the 
2 6 armde is the most important metabolite of 
nicotmic acid which has been recognized up to the 
present tune Of the dose of 600 mg of nicotm- 
amide, 47-67 % was excreted ns the 2 6 amide, while 
only 23-26 % was accounted for m the form of all 
other loiown metabohtes together 

The results suggest that the sum of the daily ex- 
cretions of the 2 6 amide and of A^-methytmeotm- 
amide may possibly afford a much better mdex of 
nicotmic acid status than any criterion wluoh has 
been suggested up to the present tune Further 
results on the excretion of the 2 6 armde and of other 
metabohtes of nicotmic acid after the mgestion of 
various derivatives of nicotmic acid will be reported 
m a later commumcation 


Table 1 Unnary excretion of various metabohtes of nicotmic acid before 
and after oral administration of 600 mg of mcotmamide 





Unnary excretion (mg /day) 




r 



A 


\ 

Percentage 



Before dose 


After dose 


of dose 

Subject 

r 


^ , 


A 

s 

excreted m 

no 

Metabohte of mcotmio acid 

Day 1 

Day 2 

Day 1 

Day 2 

Day 3 

the unne 

1 

Total acid hydrolysable derivatives* 

— 

20 

19 1 

27 

26 

3 


N methyl meotmamidef 

— 

67 

127 

92 

11 6 

23 


N methyl 2 pyndone 6 carhoxylamide 

— 

76 

266 

36 6 

19 9 

47 


N methyl 2 pyndone 3 carhoxylamide 

— 

<0 9 

<1 6 

<0 7 

<0 6 

0 







Total 

73 

2 

Total and hydrolysable denvatives* 

07 

08 

13 4 

04 

06 

3 


N methyl meotmamidef 

1 S 

23 

no 

66 

42 

20 


N methyl 2 pyndone 6 carboxylaimde 

67 

66 

296 

61 3 

16 6 

67 


N methyl 2 pyndone 3 carhoxylamide 

<01 

<0 7 

<0 9 

<0 7 

<0 6 

0 







Total 

80 


* Determmed by the method of Perlzweig, Levy 

Sarett (1940) 




t Determined by a modification of the method of Najjar d Wood (1940) 
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5Miile this ivork was in progress an outline of a 
fluonmetno method for the determination of iV- 
methyl 2 pyndone 6 carhosylamide m urme was 
reported by Rosen, Perlzweig & Handler (1948) The 
authors considered that their \’alues for normal 
unnes (6 0-13 2 mg /day) may ha^'u been somewhat 
low, hut it IS obvious that they are of the same order 
as those ohtamed by the present colonmetnc method 
(see Table 1, and also Dean & Hohnan, 1949) 

SUMMARY 

1 Methods are described for the determmation 
of N methyl 2 pyndone 6 carhovylamide and N 
methyl 2 pyndone 3 carboxylamidem human urme 
The methods are based on the mtration of the com 
pounds, after isolation from urme by adsorption on 
Lloyd’s reagent followed by extraction with chloro 
form, and on their colonmetnc determmation by 
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means of the yellow colours given by the mtro 
denvatives m alkahne solution 

2 Tlie accuracy and specificity of the methods is 
discussed 

3 Results are shown which mdicate that the 2 3 
amide is of no significance m mootmio acid meta 
boham, but that the 2 5 amide is an important meta 
bohte The 2 6 amide was excreted by two normal 
adults m amounts of the order of 7 mg /24 In After 
the mgestion of 600 mg of mcotmamide, the urmary 
excretion of the 2 6 amide mcreased greatly, 47- 
67 % of the dose bemg excreted m 7 2 hr as the latter 
compound 

4 It was possible to account for 73-80% of an 
oraUy admmistered dose of 600 mg of mcotinanude 
m the urme of two adult subjects as N methyl 2 
pyndone 6 carboxylamide, N methyhiicotmamide 
and the total acid hydrolysable denvatives of 
nicotmic acid 


A^-METHYL-2 PYRIDONE 6 CABBOXYLAMIDE 
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One of the outstandmgproblems ofprotem chemistry 
is the elucidation of the relativ e positions occupied 
by the ammo acid residues m the protem molecule 
A method for the identification of those terminal 
ammo acids m which the a ammo group is free has 
already been apphed to several proteins (Sanger, 
1946 , Porter A Sanger, 1948) The protem is treated 
with 12 4 fluorodmitrobenzene (FDNB) and sub 
nutted to complete hydrolysis Thereafter the N 
2 4 dmitrophenyl (DNP) den\ atives of the ammo 
acids are separated from each other and quanti- 
tatu-ely estimated By this means msuhn has been 
shown to contam glycme and phenylalanme m the 
termmal position, each present to the extent of two 
molecules per msulm molecule of molecular weieht 
12,000 

Tlie method can be adapted m determmmg the 
sequence of ammo acids which occupj positions near 
to the termmal ammo acid residues For this pur 


pose the protem is subimtted to partial hydrolysis 
leadmg to the hberation of a senes of A 2 4 dim 
trophenyl (DNP) peptides These differ from the 
other products of partial hydrolysis m that they are 
acids which can be extracted from acid solution by 
organic solvents and can thus be obtamed relatively 
free from other unsubstituted peptides The peptide 
mixture so produced is relatively simple and can he 
fractionated by cliromatography on sihca gel 
Determmation of the structure of the mdividual 
N 2 4 dmitrophenyl peptides then reveals the order 
of the ammo acid residues m proximity to the free 
a ammo groups The present paper descnbes the 
results obtamed by applymg the method to msulm 
The nature and order of the ammo acid residues 
contiguous to the lysyl residues have also been 
determmed 

Smce msulm contams four free a ammo groups, it 
was concluded that the molecule is built up of four 

36 2 
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open polypeptide chains jomed together by — S-S- 
bndges These -S-S- bridges could be broken by 
oxidation (Sanger, 1949o), and on subsequent 
separation two mam products could be obtamed, an 
acidic fraction, A, which bad only glycyl terminal 
residues, and a basic fraetion, B, which had phenyl- 
£danyl terminal residues For the identification of 
peptides described below these fractions have been 
used m place of the mtact msulm so as to reduce the 
complexity of the peptide mixture dealt with 

METHODS 

Materials 

Insuhn The msulm used m all this work and m the 
earher work (Sanger, 1946, 1049 a) was orystallme bovme 
insulin havmg a S content of 3 2 % Fractions A and B of 
oxidized msuhn and their DNP derivatives (referred to as 
DNP A and DNP B respectively) were prepared as pre 
viously described (Sanger, 1049 o) 

Sthca gd A number of workers who have used the sihca 
gel solvent system procedure ongmally descnbed have 
stated m prmt (Consden, Glordon, Martm & Synge, 1947, 
Phillips & Stephen, 1948), or m pnvate communication, 
that they have experienced difficulty m that the bands have 
moved too rapidly down the columns This was probably 
due to the properties of the sihca used, although the factors 
enumerated below may also be contnbutory (i) Unwashed 
chloroform AH CHCl, should bo thoroughly washed with 
water to remove the ethanol added as a stabihzer If un 
washed CHCI5 is used, aU DNP ammo acids will travel fast 
on a column of sihca gel (u) Overloading of the column If 
too high a concentration of DNP derivative is npphed to a 
column it will form a fast-moving band which ' tails* badly 
No more than about 2 pmoL of each DNP derivative should 
be used on a column of diameter of 1 cm to obtain satis 
factory bands Nevertheless, the optimum amount will 
depend on the particular experiment To obtam the best 
separations, as are needed m the identification of a DNP 
amino amd by mixed chromatograms, the smallest amount 
(0 1-0 2 pmoL) that can convemently be seen on the 
column should be used In quantitative estimations, a 
higher concentration minimizes the importance of mci 
dental losses which are probably due to irreversible ad 
sorption on the sihca. The maximum concentration that 
will give a satisfactory separation should be used In the 
case of the DNP peptides the limit is often set by the 
Bolubihty of the denvative m the movmg phase (m) Water 
content of the silica The R values (Martm & Synge, 1941) of 
the derivatives vary considerably with the amount of water 
added to the sihca, a high water content causmg bands to 
move too rapidly The’actual capacity of the sihca appears to 
vary from batch to batch, so that the optimal amount of 
water is best determmed by experiments with known DNP 
derivatives 

AU these factors apply also to the fractionation of 
peptides, as described below, and should be considered 
before discardmg a gel as imsmtable for use with DNP 
derivatives AU gels prepared m this laboratory have been 
found to bo satisfactory, though B values vary considerably 
from one batch to another The gels were prepared by the 
method of Gordon, Martm & Synge (1943) from commercial 
waterglass obtamed m 6 gallon drums from Joseph Crosfleld 
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Ltd , Warrmgton It would seem that the source of the 
waterglass is more important than the actual method of 
preparation 

Recently MiddlebrooL (1949) has worked out a method 
for fractionatmg the DNP a mm o acids usmg buffered 
columns (Moyle, Baldwm &. Scansbnck, 1948), which may 
be generaUy reproducible on any batch of gel With peptides 
we have found that the bands tend to ‘tail’ rather badly on 
buffered columns, though they were useful for peptides that 
could not be dissolved easily m the solvents used on nn 
buffered colninns, and satisfactory fractionations could 
often be earned out 

Fractionation of DNP peptides 

The methods of fractionation of the DNP peptides are 
essentiaUy the same as those used for the fractionation of 
DNP ammo acids (Sanger, 1946, Porter A Sanger, 1948) 
For a prelimmary extraction of the termmal DNP peptides 
from other amphotenc peptides the following procedure 
was used The acidic solution of the partial hydrolysate was 
extracted three times with equal volumes of ethyl acetate, 
and the combmed ethyl acetate solutions extracted three 
times with a 1% solution of NaHCO,, each bicarbonate 
extract being washed twice m two separatmg fiiimels with 
ethyl acetate In this way one has a simple three tube 
counter current procedure of the type used by Craig (1944) 
The three bicarbonate solutions were combmed, acidified 
and extracted agam usmg similar counter current procedure 
with ethyl acetate This final ethyl acetate extract should 
contam only acidic substances After takmg to dryness the 
peptide mixture is fractionated on a smtable column To 
desenbe the various solvent systems used the method and 
codes of Tristram (1946) are foUowed (Table 1) It has been 


Table 1 Solvent systems used on silica 
chromatograms 


Solvent 

Stationary phase 
(mL/g sihca 

Movmg phase 
(saturated with 

systems 

CHCl, 

CB, 

given m brackets) 
Water (0 6) 

Water (0 6) 

stationary phase) 
CHa, 

CHCl, 1% (v/v) 

n butanol 

CB, 

Water (0 6) 

CHa, 6% (v/v) 


n butanol 

Etc 

EaHCl 

N HCl (0 6) 

Ethyl acetate 

Ea pH 7 

3 m phosphate 

Ethyl acetate 

buffer, pH 7 (0 6) 


M„ 

N HCl (0 6) 

Ether 60 % (v/v) 


methylethylketone 

M,e pH 6 6 

3 m phosphate 

Ether 60% (v/v) 

buffer, pH 6 6 (0 6) 

methylethylketone 

Etc 




Acetone-cyeZohexane prepared frnm 1 vol water, 3 vol 
acetone and 10 vol cyclohexane (Sanger, 1946) 

found that the most generally useful solvents for the 
separation of the acidic te rmm al DNP peptides are the 
CHCl, n butanol mixtures The chromatographic purity of 
each band was usually established by nmnmg it on columns 
with other solvent systems 

Sometimes it is found that a soluble compound, after 
bemg passed through a column and taken to dryness, has 
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become apparently insoluble This is believed to be due to 
the formation of salts, and the material can generally be 
brought mto solution once agam by adding a drop of cone 
HCl and a solvent m •which, it is readdy soluble such as ether 
or ethvl acetate Such a mixture is then taken 'to dryness 
and rapidly dissolved in the required solvent This technique 
has also proved useful for dissolving DNP peptides (such as 
A 6) -which are themselves very insoluhle 

It -was found that the yellow peptides contauung Iff® 
DNP lysme could be firactionated from one another very 
successfully on suitable eflica columns, on which they form 
sharp well defined bands Such bands, however, are often 
contaminated -with other colourless peptides, which can be 
separated by adsorption chromatography on talc from acid 
solution The DNl? derivatives are adsorbed firmly on the 
talc, whereas the simple peptides and ammo acids usually 
pass straight through the column 

To prepare the column, talc (fig) -was -washed several 
tunes by decantation -with N HCl. The suspension was then 
poured mto a chromatogram tube of 1 cm diameter and 
allowed to settle under shght suction The peptide nurture 
•was then put on the column The DHP derivatives -were 
adsorbed m a band at the top After washing -with about 
40 ml N Hd, they were elated with a nurture of 4 parts 
ethanol and 1 part n HCl, m which they moved rapidly 
down the column This techmque could be apphed to the 
separated DNP lysyl peptides or to the aqueous solution of 
the hydrolysate before fiaotionation 

When it was necessary to defer the working up of a DNP 
peptide fraction it was nsnallv dissolved or suspended in 
dilute HCl and kept m the dark. No destruction of DNP 
derivatives preserved m this -way has been observed 

Estimation of DNP peptides 

The yellow DNP ammo acids and peptides were esti 
mated colonmetncally usmg the Beckman spectrophoto 
meter Pig 1 sho-ws the spectral absorption curves for 



Pig 1 Spectral absorption curves of 23 7 pu solutions of 

DNP phonylalanme ( ) and DNP phenylalanyl 

valine { )ml%NaHC0, 

DNP phenylnlanme and DNP phenylalanyl vahne (pre- 
pared from DNP insuhn, as described below) m 1 % 
NaHCOj It was found that the higher peptides of DNP 
phcnylalanme (53 and 54) gave absorption curves identical 
w ith that for DNP phenj lalanyl valmo at wavelengths 


above 3000 A To obtam these curves the concentration of 
DNP peptide was estimated firom the amount of DNP 
phenylalamue produced on hydrolysis The absorption 
curve for DNP glycme was almost identical -with that of 
DNP phenylalanme, and the curve for DNP glyoyl glycme 
identical -with that for DNP phenylalanyl vahne The DNP- 
glyoyl peptides (A 4 and A 5) separated m the present work 
gave the same curve ns DNP glycyl glycme at wavelengths 
>3300 A. All these DNP derivatives gi-ve identical readmgs 
at 3fi00 A. and the estimations have been done at this wave 
length In most experiments readmgs were also taken at 
3900 A and agreement between the results at the two wave 
lengths mdicated the absence of other absorbmg impunties 
Table 2 sho-ws the optical densities of 20 pu solutions of the 

Table 2 Optical densities of 20 [tM-solutions 
of DNP amino amds and peptides 


Optical density 
(log /o//) 
> 


DNP derivative 

Solvent 

3500 A. 

3900 A. 

DNP glycme 

1% NaHCO, 

0 309 

0 210 

DNP phenylnlanme 

1% NaHCO, 

0 313 

0 214 

DNP glyoyl glycme 

1 % NaHCO, 

0 316 

0173 

DNP phenylalanyl 
vahne 

1% NaHCO, 

0 310 

0178 

N® DNP lysme 

kHQ 

0 296 

0 204 

0 DNP tyrosme 

N HCl 

0 058 

0-0 


different DNP derivatives Beer’s law is obeyed m solutions 
of concentrations <fi0pM. Standard curves for a number 
of other DNP amino acids m 1 % NaHCO, have also been 
determmed for a wavelength of 3600 A and have been 
found to differ only shghtly from those of the above 
derivatives 



Wavelength (A) 


Fig 2 Spectral absorption curves of 22 /ui solutions of 

N® DNP lysme ( ^) and 0 DNP tyrosme ( - ) m 

N HGL 

The determinations of the peptides contammg N® DNP- 
lysme were earned out m v HCl solutions, smee N® DNP- 
lysme is unstable m alkalme solutions The absorption 
curves for N® DNP lysme and 0 DNP tyrosme are shoivn 
mFig 2 The curves for the lysyl peptides (52, 53 and 54) 
desenbed below -were identical -with that obtamed for A’®- 
DNP lysme at -wavelengths >3300 A. In order to avoid 
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mterference from 0 DNP tyrosme, estimations of DNl? 
lysme and its peptides ivere earned out usmg a wavelength 
of 3900 A 

Identification of ammo -acids present 
in DNP peptides 

The ammo acids present m the DNP peptides were 
identified by paper chromatography (Consden, Gordon A. 
Martm, 1944, 1947) After purification of the band on a 
smtable column, a sample containmg 0 1-0 6 pmol peptide 
was taken to dryness m a 60 ml round bottomed flask, 
6 drops of 6 7 N HCl were added and the mixture refluxed 
for 1 min on a mioroflame to dissolve the peptide and wash 
down the sides of the flask The contents were sucked mto 
a small capillary tube usmg a piece of valve rubber ns 
desenbed by Consden, Gordon A Martm (1047) The 
capillary was sealed off and moubated at 105“ for 24 hr 
After coohng, the hydrolysate was transferred to a poly 
thene stnp and the HCl removed m a desiccator A smtable 
portion of the residue was then taken for identifies 
tion of the ammo acids by paper chromatography Smee 
only a few ammo acids were present m each peptide, it was 
best to use one dimensional chromatograms on which known 
ammo acids were run parallel ns controls In the case of 
fraction A all the ammo acids present, except loucme and 
isoleucme, could be separated usmg the system phenol 
0 3 % NH, coal gas Leueme and isoleucme were differ 
entiated usmg 1 1 n-butanol benzyl alcohol HCN All the 
ammo acids from fraction B could be identified usmg the 
above mixtures and n-butanol acetic acid (Partridge, 1048) 
This latter solvent has been found to be very useful for 
ammo acid identification and to replace coUidme for most 
puiTposes, though the Rp values vary considerably with the 
age of the mixture, and it is always advisable to run known 
ammo acids parallel to the unknowns A® DNP lysme and 
0 DNP tyrosme can also be identified usmg this solvent, 
whereas they both run with the solvent front on phenol 
chromatograms 

If it IS desired to identify the termmal residue as well as 
the other ammo acids present, the above teohmque can be 
modified m the followmg way About 0 6 pmol of the DNP 
peptide IS hydrolysed as before, if necessary, as m the case 
of DNP glycyl peptides, for a shorter ponod The hydro 
lysate is transferred to a test tube, 2 ml ether added and the 
tube shaken up The termmal DNP ammo acid is extracted 
mto the ether and can be identified on a smtable sihca 
chromatogram The aqueous solution after evaporation of 
the ether on a water bath is used for the identification of the 
other ammo acids present In the case of peptides from 
fraction B it was often necessary to determine whether the 
yellow compound present m the hydrolysate was DNP 
phenylalanme or A® DNP lysme This was readily accom 
phshed by decantmg the ether extract of the hydrolysate 
mto another teat tube and shaking it with a few drops of 
NaHCOj solution A® DNP lysme remains m the acid 
hydrolysate m the first test tube, whereas DNP phenyl 
alanme passes mto the NaHCO, solution m the other test 
tube 

Estimation of ammo acids present 
in DNP peptides 

In order to detemune the amount of each ammo acid 
residue present m a peptide it was necessary to use an 
approximate mioromethod, which could differentiate 
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between one, two or three ammo acid residues per molecule 
Quantitative paper chromatography, as used m the ‘spot 
dilution’ method of Poison, Moslej A Wyckoff (1947), was 
found to be very suitable and sufficiently accurate for the 
purpose 

After estimation of the DNP peptide m 1 % NaHCO, a 
measured fraction (contammg 0 6-1 0 pmol ) was acidified 
and extracted three times with ethyl acetate, each extract 
being washed with uator to remove salts The combmed 
ethyl acetate solutions were taken to dryness in vacuo and 
the residue boiled under reflux with 6 7^ HCl for a sufficient 
time to hberate all the terminal residue (2 hr m the case 
of DNP glj cy] peptides and 4 hr for DNP phenylalanyl 
peptides) After coohng, the hydrolysate was extracted with 
ether, each extract bemg washed with water The DNP 
ammo acid which was present m the other extract was pun 
fled on a CHCl, column and estimated The combmed 
aqueous solution and washmgs were taken to dryness and 
hydrolysed for a further 20 hr with 6 7 ^ HCl Excess 
HCl was removed by repented evaporation m vacuo and the 
residue mode to a smtable volume Samples correspondmg 
to vanons amounts between 0 06 and 0 005 pmol peptide 
were then apphed to a one dimensional chromatogram and 
similar amoimts of a standard solution of a mm o acids were 
apphed alongside the unknowns After development of the 
chromatogram m a suitable solvent and treatment with 
nmhydnn the amount of each ammo acid could be deter 
mmed by comparing the colour and size of the spots In the 
case of the peptides of DNP glycmo and DNP phenyl 
alanme, phenol 0 3% NH, coal gas was a smtable sohent, 
and for the DNP lysme peptides n butanol acetic acid 
was used 

With cortam peptides it was desirable to confirm the 
estimations by a more accurate method and it was formd 
that, whore only a few known ammo acids were present, 
they could be estimated with reasonable accuracy by con- 
version to the DNP dem stives The followmg teohmque 
was used The aqueous hydrolysate from about 1 0 pmol of 
DNP peptide, after extraction of the termmal DNP ammo 
acid, was taken to dryness and dissolved m 1 ml water 
NaHCOj (0 1 g ) was added and a solution of 0 1 ml PDNB 
m 2 ml ethanol After shakmg for 2 hr the solution was 
taken to dryness, a few drops cone HCl added and agam 
taken to diyness The residue was extracted with CHCl,, 
CBj or CBj, accordmg to the nature of the DNP ammo 
acids present, and the extract put on the appropriate 
column Excess FDNB moved rapidly down these columns 
and was discarded, while the desired DNP ammo acid bands 
were separated and estimated 

RESULTS 

Estimation of the terminal residues of fraction A 
and B of oxidized insulin 

As a prehminary to the foUowTiig work, and also to 
determine the average molecular weight of the 
peptide ohams of fractions A and B of oxidized m- 
suhn it was necessary to estimate the terminal resi- 
dues of these fractions as accurately as possible 

The methods employed were those described m an 
earher paper on insiilm (Sanger, 1946) , about 20 mg 
of materi^ were used m each experiment, which was 
carried out m dupheate Smee the mam error is 
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probably due to the correction factor that has to be 
appbed for the breakdown of the DNP am mo acids 
durmg hydrolysis, the tunes of hydrolysis were kept 
short, and small amounts of peptides present were 
estimated separately In the earher work the amount 
of protem present m a DNP protem was estimated 
from the content of amide N This required more 
material than was available, so the molecular 
weight of the peptide was calculated from the 
molecular weight of the DNP derivative by assuming 
that one DNP group (mol wt 167) is attached to 
every free ammo group and to every tyrosme and 
histidme residue (Porter, unpublished work) In the 
case of msulm this method gave the same results as 
the amide method. 

Fraciwn A For the estimation of the DNP- 
glycme m DNP A a tune of hydrolysis of 2 hr was 
used and the DNP glyome was purified on a CHCIj 
column A small amount of a peptide band (prob 
ably A 4) was adsorbed tightly at the top of the 
column Tins was eluted with CBj, and estimated 
separately The results are shown m Table 3 The 


Table 3 Terminal residues effractions A and B 


(Reeulta corrected for breakdown dnrmg hydrolysis ) 


A 

B 



ymoL DOT 
ammo acid/ 



100 mg 

MoL wt 


DNP 

of DNP 

Fraction 

derivative 

denvative 

DNP glyome 

27 



DNP glycyl peptide 

2 

— 

Total 

20 

3450 

DNP phenylalanine 

17 



DNP phenylalanyl peptides 

1 6 

— 

Total 

18 6 

6100 

DNP gtyoine 

IP DOT lysme 

1 

19 6 

4800 


molecular weight obtained for DNP A is 3460 
Fraction A contains one free ammo group and two 
tyrosme residues It has no lysme or histidme 
(Sanger, 1949 a), so that the DNP A should contam 
three DNP groups, giving an additional molecular 
weight of 600 The molecular weight of the average 
cham m fraction A is thus 2960, which agrees well 
with the value of 2900 determmed m the ultra 
centrifuge (Gutfreund & Ogston, 1949) This value 
corresponds to a molecular weight of 2760 for the 
mdividual chams m the mtact mWm, the difference 
bemg due to the oxygen taken up durmg the treat 
ment ■mth porforrmo acid 

Fraction B DNP B was hydrolysed for 4 hr m 
boihng 6 7 N HCl and the by drolysato extracted with 
ether The ether extract was used for the estunation 
of DNP plienylalanme and the aqueous solution for 
DNP lysme The ethereal solution was taken to 
dryness and the residue put on a CHCl, column 
Tliree bands were obtamed Tlie mam DNP 


phenylalanme band was estimated directly This 
was followed by a famter band oontammg peptide 
B 2 and a small amount of DNP glycme, which is 
usually present m preparations of fraction B These 
two were separated on an acetone -cyclohexane 
column There was also a famt band remammg at the 
top of the CHClj column, which consisted of higher 
DNP phenylaJanyl peptides and could be eluted 
with CBi, 

The aqueous solution, after extraction with ether, 
w^ hydrolysed for a further 20 hr and the N* DNP- 
lysme purified on an column and estunatecL 

The results for DNP jB, set out m Table 3, lead to 
an average molecular weight of 4960 on the assump 
tion that the small amount of DNP glycyl peptide 
has the same molecular weight as DNP A Fraction 
B contains two flee ammo groups, three tyrosme 
residues (estimated by difference between the tyro- 
sine contents of insulin and fraction A) and two 
histidine residues (estimated directly on fraction B 
usmg histidme decarboxylase. Gale, 1946) DNP B 
should therefore contam seven DNP groups and the 
molecular weight of fraction B would be 3800, and of 
the mtact chains m insulin 3700 The molecular 
weight as determined m the ultracentrifuge was 
7000 (Gutfreund & Ogston, 1949), so that it would 
appear that either two phenylalanyl peptide chams 
are jomed together by some non oxidizable cross 
Imkoge or that m solutions of fraction B aggregates 
are formed conta inin g two molecules bmee non 
oxidizable cross Imkages are unknown, while aggre 
gation reactions of msuhn are weU knoivn (sum 
manzed by Sanger, 19496), the latter explanation 
would seem the more probable 

Isolation of DNP phenylalanyl valine 
from DNP insulin 

When DNP msulm was hydrolysed for 2 )ir with 
boiling 6 7n HCl, a peptide band was present that 
moved at the same rate as DNP glycme on a CHCI 3 
column, but could be separated usmg an acetone 
cycfohexane column In the experiment described by 
Sanger (1946), m wluch the DNP ammo acids were 
isolated from 1 03 g DNP msulm, the DNP glycme 
and the peptide were fractionated and the solution 
of the peptide m acetone cyclohexane allowed to 
stand overnight It crystallized as needles ns the 
acetone evaporated (yield 8 1 mg ) 

A sample was hydrolysed and DNP phenylalanme 
identified as the tennmal residue Paper chromato- 
graphy showed that vahne and no other ammo acid 
was present By quantitative paper cliromato 
graphy it was shoivn that there was one residue of 
vahne per molecule of peptide and this was confirmed 
by estunation as the DNP derivative after punfica- 
tion on a CHCl, column (Found 3 3 % vahne N as 
percentage of peptide , calc for DNP phenylalanyl- 
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valme, 3 2 , for DNP phenylaleinyl valyl valine, 
6 3%) The only possible structure for this peptide is 
therefore DNP-phenylalanyl vahne 

Identification of DNP peptides 
from fraction B 

In the initial experiments, DNP B was hydrolysed 
for 8 days with cone HCl at 37° 

DNP-phenylalanyl peptides The matenal ex 
tracted from the hydrolysate hy ethyl acetate was 
first put through a CBj, column Most of the colour 
travelled fast and only a few famt hands could be 
distmguislied on the column These were not mvesti- 
gated m detail The fast moving material was then 
firactionated on a CBj column Tliree mam bands 
were formed, 53, 54 and a band that moved fast, 
there were also a number of famter bands moving 
more slowly than 5 4 and a fairly strong one that 
remamed at the top of the column and could be 
eluted with CBj, Bands 5 3 and 5 4 were shown to 
be homogeneous on Ea pH 7 columns (5 = 0 26 and 
0 1 respectively) The matenal that moved fast m 
CBb consisted of DNP phenylalanme, DNP-phenyl- 
alanyl -vahne (52) and a small amount of DNP 
glycme These were separated usmg a CHClj 
column, and the second band refijoctionated on 
acetone -cyclohexane In some experiments a hand 
was present that was adsorbed at the top of the 
OHCI3 column and usually spht mto a number of 
famt bands on development with CBj It contamed 
a rather complex mixture of ammo acids These 
bands were beheved to be due to some secondary 
products (possibly esters), formed firom the DNP 
peptides durmg the firactionation They did not 
occur m most experiments, imd the same pheno 
menon was sometimes observed with DNP A 


Table 4 Peptides containing DNP phenylalanine 


Column used for 
Peptide separation 

51 CHd, 

52 CHCl, 

Acetone cyclohexane 

53 OBj 

54 CBs 


5 value Ammo acids present 

0 4 None 
0 2 Valme 
07 

0 6 Valme, aspartio acid 
0 3 Valme, aspartic acid, 
glutamic acid 


The ammo acids identified m the mam firaotions 
are shown m Table 4 In each case the termmal 
residue was DNP -phenylalanme, and quantitative 
paper chromatography showed that the ammo acids 
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were present m equunolecular proportions m aU the 
peptides The regularly mcreasmg complexity of 
these peptides suggested that they were all derived 
from the same peptide cliam contammg the termmal 
sequence DNP-phenylalanyl -valyl aspartyl - gluta 
mio acid, and this was confirmed by the followmg 
partial hydrolysis experiments 

Peptide 53 (1 6pmol ) was boded under refiux 
with 6 7 n HCl for 1 hr and the degradation products 
studied cliromatographicaUy The results are shown 
m Table 6 The only products of hydrolysis were 
DNP phenylalanme and DNP-phenylalanyl-vahne, 
which confirms the structure DNP phenylalanyl- 
valyl aspartio acid 


Table 6 Partial hydrolysis of peptide B 2 



Column used for 


Amino acids 

Peptide separation 

5 value 

present 

53 1 

CHClj 

04 

None 

53 2 

CHCl, 

02 

Valme 


Acotone-cyeZohexane 

07 


53 3 

CB, 

06 

Valme, aspartio acid 


The partial hydrolysis of peptide 5 4 was earned 
out for 14 days at 37° m cone HCl All the bands 51, 
5 2, 5 3 and unchanged 5 4 were identified and shown 
to contam the same ammo acids as m Table 4 Smee 
5 4 gives nse to peptide 5 3, its structure can only be 
DNP phenylalanyl valyl aspartyl glutamic acid 
Peptides containing IN^-DNP lysine After extrac- 
tion with ethyl acetate the aqueous solution from the 
hydrolysate of DNP 5 was taken to dryness and 
fractionated on an JI*, column Three mam bands 
were formed, and the faster one was refractionated 
on Mjfl pH 6 6 to give two bands (51,52) There was 
also a famter fast band that appeared to consist of 
higher peptides of A® DNP lysme Band 52 was 
shown to be homogeneous on Ea-HCl (5 = 0 2) and 
CBsq (5 = 0 16) columns, and hands 5 3 and 5 4 were 
homogeneous on CBj,, (5 = 0 07 and 0 04 respec- 
tively) Each peptide was purified by chromato- 
graphy on talc, and the ammo acids identified and 
shown to be present m equunolecular amounts The 
results are shown m Table 6 The terminal residues 
were dete rmin ed by de amin ation with mtrosyl 
chloride (Consden, Gordon & Martm, 1947), and 
confirmed hy the DNP techmque It was found that 
the latter method gave a rather more clear out 
result, whereas the former was much simpler to 
carry out In a preliminary report of this work 


Table 6 Peptides containing N^-DNP lysine 


Peptide 

OnM„ 

On pH 6 6 

Ammo acids present 

Terminal 

residue 

51 

06 

03 

5' DNP lyame 

— 

52 

06 

0 1 

5® DNP lysme, alanme 

A' DNP lysme 

53 

02 

— 

5' DNP lysme, threonme, protme 

Threonme 

54 

0 13 

— 

A' DNP lysme, threonme, prohne, alanine 

Threonme 
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(Sanger, 1948) the peptide £4 -was described as 
threonyl (N® DNP) lysyl alanine The presence of 
prohne had been overlooked m the paper chromato- 
graphy, the yelloiv spot bemg confused with that 
due to N®-T)NP lysme It can, however, be clearly 
detected if the solvent n butanol acetic acid is used 
The results m Table 6 show that peptide £2 is 
N® DNP lysyl alarune Peptides £3 and £4 were 
hydrolysed for 11 days with cone HCl at 37° The 
hydrolysate of £3 contamed only the bands £ 1 and 
£ 3, and a famt band that moved at the same rate as 
£2 onMjg pH 6 6 and contamed N® DNP lysme and 
prohne From peptide £4 all the bands £1, £2, £3 
and £ 4 were obtamed and were shown to contam the 
expected amm o acids Smee £4 has a terminal 
threonyl residue and gives nse to N® DNP -lysyl 
alamne (£2) and a peptide (£3), containmg threo- 
nme, prohne and DNP -lysme, the only possible 
structure that can be assigned to it is tbreonyl- 
prolyl (N®-DNP-) lysyl alanine, and £3 must be 
threonyl prolyl-(jV® DNP ) lysme 

Eslimatxon of pepttdes containing DNP phenyl- 
alanine and JV® DNP lysine in insulin 

Havmg estabhshed the presen ce of the two peptide 
sequences, phenylalanyl valyl aspartyl glutamic 
acid and threonyl prolyl-lysyl alamne, m fraction B 
of the osadixed insulin, the next problem was to 
estimate the yields of the various peptides from m- 
suhn, and to discoier what proportion of the lysyl 
residues andthe termmal phenylalanyl residues of m- 
suhn was present m these peptide sequences IVhen 
DNP-insuhn was hydrolysed for 8 days with cone 
HCl no peptides could be detected other than those 
which were obtamed from DNP-B and very small 
amounts of DNP glycyl peptides which did not 
mterfere with the estimation of peptides containmg 
DNP phenylalanmeandiy® DNP lysme Almost all 
the termmal glycme was present as DNP glycme 
itself, owing to the great labihty of the glycyl peptide 
bond m strong acid 

About 100 mg DNP msuhn were hydrolysed for 
S days at 37° with cone HCl, the products fraction- 
ated as prenously described for DNP-B and esti- 
mated colonmetncally Peptides B6, B6 and B7 
were obtamed from bands that moved slower than 
B4onCB5 It was shown that each gave nse to band 
B4 on partial hydrolysis B8 was composed of a 
number of famt bands that mo\ ed slowly on CB17 
These were eluted from the column with 80 % (v/v) 
acetone, hydrolysed and the DNP phenylalamno 
estimated after purification on a CHCI3 column The 
yields of the vanous peptides are shown m Table 7, 
expressed as moles of peptide as a percentage of the 
total DNP phenvlalanme m the ongmal DNP- 
msuhn, assummg there are exactly two phenylalanyl 
terminal residues per msuhn molecule of molecular 
weight 12,000 It can be seen that 92% of the 


total DNP phenylal anin e is accounted for as com- 
pounds that fit mto the peptide sequence DNP- 
phenylalanyl valyl aspartyl-glutamio acid, and it 
would seem evident that m fact ah. the termmal 
phenylalanyl residues are present m this secpience 
An actual estimation of the amount of the peptide 
B4 m DNP insulm can, however, be obtamed by 
stud5Tng the hydrolysis of the peptide itself under 

Table 7 Yields of DNP phenylalanyl peptides 
from an 8-day hydrolysate of DNP insulin 

(Results expressed as mol of DNP peptide as percentage 
of the total terminal phenylalanyl residues ) 


Yield 

Peptide (%) 


B\ 

DNP phenylalanme 

16 

13 

B2 

DNP phenylalanyl vahne 


BZ 

DNP phenylalanyl valyl aspartio acid 

13 


B4 

DNP phenylalanyl valyl aspartyl glntamio 

30 



acid 




Total known peptides (B2, BZ, Bi) 

6 

69 

B5 


B6 


4 


B7 

Total higher peptides from the same 

10 

20 


sequence 



B8 

Unknown mixtiire of peptides 


0 


Total 


98 


Table 8 Yields of DNP peptides from an 8-day 
hydrolysate of peptide B4 


Peptide 

Yield from 
Bi 
(%) 

Yield from 
DNP msuhn 
(%) 

Bl 

13 

13 

B2 

14 

16 

BZ 

12 

13 

B4 

65 

60-66 


the conditions that were used for hydrolysmg the 
DNP -msuhn Thus, if all the DNP phenylalanme m 
DNP insulin 18 combmed m the smgle tetrapeptide 
sequence, then the partial hydrolysis of peptide B 4 
should gi\e the same products m the same pro- 
portions as are obtamed from DNP msuhn This 
assumes that the stabihty of the vanous peptide 
bonds IB the same whether the DNP peptide is free 
or combmed m the protem While this may not be 
completely true it is probably a safe approximation 
Table 8 shows the yields of DNP peptides from 
peptide B4 (2 /unol ) that had been hydrolysed for 
8 days m cone HCl at 37°, compared with the yields 
from DNP msuhn The figure for the amount of B 4 
obtamed from DNP insulm mcludes higher peptides 
contammg this sequence It can be seen that withm 
the hmits of the methods the two sets of figures agree 
The degree of accuracy of these results probably 
mdicates that not more than about 10% of the 
terminal phenvlalanme of insulin is present m 
sequences other than that detected here Thus, not 
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only do these results prove that hoth the phenyl 
al anin e terminal residues m the msuhn molecule of 
molecular weight 12,000 are combmed m the same 
tetrapeptide sequence, but they do justify the as 
sumption of this value for the molecular weight 


Table 9 Yields of peptides containing N® DNP 
lysine from an 8-day hydrolysate of DNP insulin 


(Results expressed as moL of peptide as percentage of the 
total lysine ) 


LI 

L2 

L3 

L4: 


L5 


Peptide 
DNP lysine 
DNP lysyl alanine 
Threonyl prolyl {N‘ DNP) 
lysine 

Threonyl prolyl [IP DNP) 
lysyl alanine 

Total known peptides 
(i2, i3, h4) 
Unknown 
Total 


Yield 

Yield 

from 

frem 

DNP iTiRtilin 

Li 

(%) 

{%) 

14 

14 

19 

23 

32 

32 

23 

21 


74 

0 

94 


90 


Table 9 shows the yields of the various peptides 
contammg N® DNP Ij'sme obtained from DNP 
insulin and from a similar hydrolysate of peptide 
Li A 6 is the unmvestigated band that moved fast 
on £in column The DNP lysme m it was 
estimated after complete hydrolysis The yields of 
the peptides from DNP msuhn make it very im 
probable that there is a second tjqie of peptide con 
tammg lysme and agreement between the two sets of 
figures confirms tins 

Identification of DNP glycyl peptides 
from fraction A 

Hydrolysis in concentrated hydrochloric acid 
Owmg to the great labihty to strong acid of the 
peptide bond mvolvmg the carboxyl group of the 
te rmin al glycyl residues, partial hydrolysates of 
DNP-A earned out m cone HCl contamed large 
amounts of DNP glycme and of long peptides that 
could not be mvestigated easily, and only poor 
yields of small peptides that could readily be 
studied Nevertheless, it was possible to determme 
the structure of three of these small peptides, and as 
most of the work was canned out on such hydroly- 
sates, the results are reported here, although much 
more satisfactory yields were ohtamed at a later 
stage when the hydrolysis was earned out m dilute 
acid 

DNP-A was hydrolysed for 24 hr with cone HCl 
at 37°, and the matenal that was extracted with 
ethyl acetate first put on a CBj, column Besides the 
mam fast movmg band there were a number of 
fainter bands The strongest of these, which travelled 
at a gradually decreasmg rate down the column, gave 
rise to the ammo acids leueme, senne, glutarmo acid 
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and O DNP tjrrosme on hydrol5isis A jieptide con- 
tammg these ammo acids had been reported by 
Woolley (1948), and it was at first assumed that the 
two were the same (Sanger, 1948) On quantitative 
estimation, however, it was found that there were 
about five residues of each of the above ammo acids 
per residue of DNP glycme, so that the fraction was 
a mixture of a small amount of a DNP -glycyl peptide 
(probably A 6), which was responsible for the colour 
of the band on the column, and a large amount of a 
non termmal peptide contammg the above four 
ammo acids The exact structure of this peptide has 
not yet been determmed, but its presence does mdi- 
cate that DNP peptides, separated by the above 
methods, may be contammated by non termmal 
peptides 

The coloured matenal that moved fast on the CB17 
column was next put on a CBj column This separated 
a bond (A 4) which was run out hji development with 
CBg The fast movmg matenal from this column 
was fractionated on a CHCI3 column A very strong 
DNP glycme band (A 1) was present, and tins was 
followed by two peptide bands (-4 2 and A 3) which 
were developed with CB^.^ and CBj Band A 2 was 
relatively famt and sometimes difBcult to detect 
Bonds A 3 and A 4 were homogeneous on Ea pH 7 
columns (J? = 0 4 and 0 1 respectii ely) and band A 4 
was homogeneous on Mjj pH 7 (J2 = 0 4) and 
]M«pH8 (H = 0 07) 


Table 10 Peptides of DNP glycine 



Column used 

Ammo acids 

Peptide 

for separation 

R value present 

Al* 

cna. 

02 — 

A2 

CHCl, 

0 06] 


CBj .5 

0 2 i Isoleucme 


CBi 

06 } 

A3 

CHCl, 

0 03] 


CBq 5 

Oil- Isoleucme, vahne 


CBj 

0 36) 

A4 

CB, 

0 261 Isoleucme, vahne. 


CB, 

0 8) glutamic acid 


* DNP glycme 

Table 10 shows the ammo acid composition of the 
three bands In each case the termmal residue was 
DNP glycme Estimation showed that the ammo- 
acids m A 3 and A 4 were present m equimolecular 
proportions to the DNP glycme The composition 
of the peptides suggests that they are all derived 
from the same peptide cham contammg the termmal 
sequence DNP glycyl isoleucyl valyl glutamic acid 
and that tins was the structure of A 4 was shown by 
partial hydrolysis A sample was refiuxed for 12 hr 
with 0 In HCl The hydrolysate contamed the 
pieptide hands A 2 and A 3 and isoleucme and vahne 
were identified m the A 3 

Hydrolysis in hydrochloric acid (0 In) In an 
attempt to find a more specific method for hydro 
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lysmg proteins, the action of boiling 0 In HCl on 
DNP A was studied It was found that the speci 
ficity of this hydrolytic agent was very different 
from that of concentrated HCl, and that the smaller 
DNP peptides were produced m much better yields 
It seems probable that the hydrolysis of these 
oadation products m dilute acid is analogous to the 
hydrolyses catalysed by long cham sulphonic acids 
(Stemhardt & Fugitt, 1912), the peptide chains 
contammg -SO,H groups actmg as long cham 
amons and catalysing a particular type of hydrolysis 
which is characterized by the mcreased labihty for 
the amide groups and no doubt a corresponding 
difference m specificity towards other peptide bonds 
That the -SO3H groups were catal3r8mg the hydro 
lysis IS mdicated by the difference m the rate of 
hydrolysis of msiilin and oxidized msuhn dlustrated 
m Fig 3 No such difference was found when the 
hydrolyses were earned out m cone HCl m which the 
-SOjH groups are uncharged In these experiments 
the hberation of free ammo groups was followed 
usmg the Van Slyke apparatus 



Fig 3 Rate of hydrolysis of inRohn (O) and oxidized 
menlin ( +) m boihng 0 lx HCl 

It should be noted that the formation of diketopi 
perazmes m dilute acid has been demonstrated 
(Abderhalden &, Komm, 1924), so their presence was 
a possibdity m these experiments, though the tem 
poratiire employed was probably too low The DNP 
den^ atives could not undergo any rearrangement of 
this tj^pe as they contam no free ammo group, and 
there wns no evidence of any contammation of the 
DNP peptide bands ivith diketopiperazmes 

In a hydrolysate of DNP A that had been boded 
imder reflux for 12 hr with 0 In HCl there was 
present, besides the tliree previously described 
peptides, considerable amounts of another peptide 


{A 6) which moved ivith JJ = 0 9 on CBjj and was best 
purified on CBjs [R = approx 0 4), though it was 
extremely insoluble, and only famtly coloured bands 
could be obtamed On an Ea pH 6 column it gave an 
apparently homogeneous band with Jf = 0 7, though 
it ‘tailed’ rather badly on aU buffered columns This 
peptide contamed DNP glycme and the a min o acids 
iBoleucme, vahne and glutamic acid only Quanti 
tative paper chromatography showed that there were 
two residues of glutamic acid to every one residue of 
DNP glycme, isoleucme and vahne, and this was 
confirmed by estimation of the glutamic acid as the 
DNP derivative No amide group was present, 
smee no NH, was formed on hydrolysmg for 4 lir 
with boihng 2 n HCl Table 1 1 shows the results of sm 

Table 1 1 Partial hydrolysis products 
of peptide AS 



Column 
used for 


Ammo acids 

Yield of 
peptide 

Peptide 

Bopaiation 

R value 

present 

(%) 

AS\ 

CHa, 

01 

— 

29 

AB2 

CBi 

06 

— 

4 

ASS 

CB, 

0 36 

Isoleucme, vahne 

10 

AB4 

CB. 

0 26 

Isoleucme, vahne, 
glutamic acid 

19 

ASS 

C®n 

04 

Iroleucme, vahne, 
glutamic acid 

27 


experiment m winch A 5 was hydrolysed for 12 lir 
with bodmg 0 1 N HCl and the hydrolysis products 
mtestigated It can be seen that it breaks down to 
give peptides ^ 2, ^ 3 and A 4, therefore the only 
possible structure is DNP glyeyl isoleucyl valyl 
glutamyl glutarmc acid 

Estimation of the DNP glyeyl peptides 
from DNP insulin 

Smee DNP msuhn is msoluble m 0 1 n HCl it was 
not possible to obtam a significant yield of DNP 
peptides by hydrolysmg it directly Howev er, if the 
iTianliTi was first oxidized and then treated with 
FDNB, there was very little loss of material, and the 
DNP A present was largelj soluble and ga\ e good 
yields of the peptides 

Tti order to obtam the maximum possible j lelds of 
peptides at the expense of the jneld of DNP glj cme, 
the hydrolysis mixture was extracted from tune to 
tune during the course of hydrolysis, so that the 
larger extractable peptides (14 and AS) were re 
moved and not broken down to DNP glj cine Also 
omdentified fractions were hydroh’sed further to 
give the known peptides 

As aprehmmary, the breakdown of DNP B under 
these conditions was studied Owing to its insolu 
bflity it was not extensively hydrolysed The mam 
breohdown products were peptide BZ and a httle 
B2 Tliere was also a small amount of an umdentified 
DNP phenylalanyl peptide that contammated A 5 
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Insulm (0 2 g ) was oxidized with perfomuc acid 
for 30 mm (Sanger, 1949 a) The product was pre 
cipitated with acetone and treated with FDNB for 
2 hr m the usual manner To remove excess FDNB 
about 60 ml ether and 6 ml water were added to the 
reaction mixture and, after shaking and aUowmg to 
settle, the ether layer was decanted and the aqueous 
layer and insoluble material were extracted twice 
more with ether m the same way It was then acidi- 
fied with HCl and taken to dryness in vacuo Excess 
HCl was removed by repeated evaporation tn vacuo 
with water , 60 ml 0 1 n HCl were added and the 
mixture boded under refiux for 3 hr It was then 
cooled, emd extracted twice with an equal volume of 
ethyl acetate After removal of dissolved ethyl 
acetate from the aqueous layer by evaporation tn 
vacuo, it was boded for another 3 hr and agam ex- 
tracted This process was repeated six tunes m all, 
makmg a total tune of hydrolysis of 18 hr The ethyl 
acetate solutions were taken to dryness after each 
extraction, and the residues stored with a httle water 
They were all combined and the DNP peptides pun 
fied by extraction mto bicarbonate as previously 
desonhed About 3 % of the DISTP glycme was lost 
dunng this treatment The final extract contauung 
the termmal DNP peptides was taken to dryness, the 
residue dissolved m 80 % ethanol and samples taken 
for the analyses Several rephcate analyses were 
performed, but not all peptides were estimated m 
each case 

Peptide A 5 was separated on a CBjj column It 
was usually contarmnated with a small amount of a 
DNP phenylalaayl peptide, which was estimated 
from the amount of DNP phenylalamne produced on 
hydrolysis of the fiaction Peptide A 4 was fraction 
ated on a CBj column and was free from any DNP- 
phenylalanyl peptides Band B 3 and a famt band 
154 moved m fiiont of the A 4 band on this column, 
and there were traces of other umdentified DNP- 
phenylalanyl peptides movmg more slowly Pure 
bands, A 2 and A 3, were separated from a CHCl, 
column which was developed with CBj The DNP 
glycme fraction obtamed from the CHCI3 column 
contamed peptide B2 which was separated on an 
acetone cyclohexane column The yields of the 
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various derivatives are shown m Table 12 The 
figures are given as percentages of the terminal 
glycyl residues of the ongmal msuhn taken The 
correspondmg yields of the DNP-phenylalanyl 
peptides Bl, jB 2, jS3 and B4 were 3, 9, 20 and 3 % 
respectively 

On the CBi 5 column much colour was present m a 
number of slow movmg bands which were eluted 
together from the column with 80% acetone and 
were designated fiiaction Y This fraction contamed 
about 20 % of the DNP glycme as estimated after 
hydroljisis A sample was hydrolysed for 12 hr with 
boilmg 0 1 N HCl, and the products estimated as for 
the mam hydrolysate It gave rise to the expected 
peptides showmg that the DNP glycme present m 
it was largely m the form of lugher peptides of the 
same sequence The yields are shown m column 4 
of Table 12 

Another 8 % of the DNP glycme was m the m- 
soluble residue (fraction R) from the ongmal dilute 
acid hydrol3isate This was probably present as the 
DNP derivative of some mcompletely oxidized m- 
suhn In order to hydrolyse it further it was first 
brought into solution by mcubatmg for 1 hr at 37° 
with cone HCl After removal of the HCl tn vacuo, 
the residue was hydrolysed for a farther two penods 
of 12 hr with 0 In HCl, and the peptides estimated 
as before The yields are shown m column 5 of 
Table 12 

The total yields of peptides leave no doubt that 
both the terimnal glycyl residues are combmed m the 
same termmal peptide sequence It was not possible 
to determme the amount of peptides A 4 or A 5 
directly by studymg them breakdown under identical 
conditions of hydrolj’sis, as was done for peptides B 4 
and B4, smee the type of hydrolysis used here could 
not be reproduced on a peptide The unchanged 
peptide would be removed on each extraction with 
ethyl acetate, whereea long peptides from DNP-A 
remamed m the aqueous solution and were hydro 
lysed further It is also probable that the long cham 
charged polypeptides have a catalytic effect on the 
hydrolysis, which it would be difficult to reproduce 
exactly on a peptide The sum of the yields of A 4 and 
A 6 (66 %) does, however, give direct proof that over 


Table 12 Yields of DNP glycyl peptides from DNP insulin 
(KesultB expressed as mol of peptide as percentage of the terminal glycyl residues m the ongmal msulm ) 





Yield from 

Yield from 

Total 


Yield from mam 


fraction T 

fii^iotion S 

yield 

Peptide 

hydrolysate 

Mean 

(%) 

(%) 

(%) 

A1 

17 6, 16 

17 

33 

1 3 

22 

A2 

1 4 


26 

06 

9 

A3 

4, 6 

61 

A4 

11. 11 

11 

29 

1 1 

16 

A6 

37, 30, 38, 36 

36 

36 

1 9 

40 

Total 

known peptides 




64 


Total 




86 
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half of the terminal glyoyl residues are m the form of 
the sequence glyoyl isoleucyl valyl glutamic acid 
Table 11 shows that neither of these peptides is com- 
pletely stable to this type of hydrolysis, so that the 
actual amount present must be considerably greater 

DISCUSSION 

It has been shown that both the terminal phenyl- 
alanyl residues are combined m the msulm molecule 
m the form of the smgle tetrapeptide sequence 
phenylalanyl valyl aspartyl glutamic acid, and that 
both the lysyl residues which are m the same chains 
are m the form of the sequence threonyl prolyl 
lysyl Manme Also both the termmal glycyl resi 
dues of the other two ohams are present m the penta 
peptide sequence glycyl isoleucyl valyl glutamyl 
glutamic acid The simplest explanation of these 
results IS that the two phenylalanyl ohams are 
identical, and that the two glyoyl chams are identical 
In the phenylalanyl chains, which contam about 
thirty ammo acid residues, eight of the positions 
relative to the termmal residues and the lysyl 
residues are occupied by the same ammo acids m 
both chains It is, of course, possible that they might 
differ m the nature of one or a few residues m a 
position m the oham not mvestigated m this work 
As nothing is known about the pnnoiples which 
govern the arrangement of ammo acids along a 
peptide cham, such a possibihty cannot be excluded 
However, if one assumes that each position m the 
oham can be occupied by any of the sixteen different 
ammo acids present m these chains, the chance that 
two different chains would contam the same terminal 
tetrapeptide is about 1 m 60,000 Certam limits are 
obviously imposed by the specificities of the mechan 
isms responsible for protem synthesis Investiga 
tions of the fi:ee ammo groups of a number of protems 
by the DNP techmque (summarized by Sanger, 
1949 c) have shown that the termmal position m the 
protem chains may be occupied by a vanety of 
different ammo acids There appears to be no 
prmciple that defines the nature of the residue 
occupymg this position m different protems and it 
would seem probable that this would apply to other 
positions m the molecule It would thus seem a 
reasonable conclusion from the above results that the 
insuhn molecule is bmlt up of two pairs of identical 
chains However, if this were mdeed the case, then 
the simplest asymmetno umt of inmilm should have 
a molecular weight of 6000 and all the analytical 
figures for the ammo acids should fit such a imit 
The most recent data on the ammo acid composition 
of msulm ho\o been collected by Tristram (1949) 
Wiile for most ammo acids the number of residues 
per umt of molecular weight 6000 approximates to 
a whole number witlim the limits of the methods of 
assaj , the \ alues for prolme and isoleucme would 


mdicate about 1 6 and 1 3 residues respectively It 
IS very unhkely that these estimations are more than 
10% m error, so that they do cast considerable 
doubt on the above conclusion, and all that can be 
defimtely stated is that the msuhn molecule is built 
up of two pairs of very similar chains 

In contrast to the results of this work are the 
results obtamed by WooUey (1949) Usmg a method 
s imil ar m prmciple to that used here, he has re- 
ported the isolation of a number of peptides from 
a tryptic hydrolysate of DNP msulm, which he 
behoved to be DNP glyoyl peptides Hewasimable, 
however, to demonstrate the presence of significant 
amounts of DNP glycme on hydrolysis of the pep- 
tides concerned, although it could he detected m a 
hydrolysate of DNP insubn This and the results 
reported m the present paper would seem to mdicate 
that the peptides isolated by WooUey were not 
DNP glycyl peptides He used ethyl acetate and 
butanol extracts which would be expected to contam 
non termmal peptides, though it is diflacult to say 
what the ‘ chromophore ’ group m these peptides 
could have been 

The methods of mvestigation described m this 
paper should be generaUy apphcable to aU protems 
and peptides that contam a firee a m mo group 
Besides giving information about the structure of the 
protems, the method can probably he apphed as a 
sensitive test for the identity and homogeneity of 
protems A simple experiment m which DNP- 
peptide bands are separated and the ammo acids 
present m them identified can readily be earned out, 
and it IS extremely unlikely that two different pro 
terns would give the same result, probably less hkely 
than that they would appear homogeneous by any of 
the known physicochemical methods of deter minin g 
protem punty 

SUMMARY 

1 The dmitrophenyl method for the identification 
of the termmal residues of protems has been ex- 
tended by the use of partial hydrolysis to the 
identification and estimation of termmal peptides 

2 The method was apphed to msulm , and it was 
shown that both the terminal phenylalanyl residues 
are present m the form of the tetrapeptide sequence 
phenylalanyl valyl aspartyl glutamic acid, both the 
lysyl residues which are m the same chams are 
present m the sequence threonyl prolyl lysyl- 
alanme and both the termmal glyojl residues are 
present m the pentapeptide sequence glycyl- 
isoleuoyl valyl glutamyl glutamic acid 

3 It is concluded that the insuhn molecule is 
bmlt up of two pairs of very similar, if not identical, 
polypeptide chams 

I wish to express mv thanks to Prof A C ChibnaU, FJB S , 
for his advice and encouragement 
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Regulation of Urinary Steroid Excretion 

2 SPONTANEOUS CHANGES IN THE PATTERN OF DAELY EXCRETION 

IN MENTAL PATIENTS 

By M REISS, R E HEMPHILL, J J GORDON aot> E R COOK 
Biochemtcal and Endocrinological Research Department, Bristol Mental Hospital, Fishponds, Bristol 

{Received 17 June 1949) 


The daily excretion of 17 ketosteroids of a large 
senes of mental patients has been estimated for 
several months — ^m some cases for more than a year 
It was observed that m some cases the rate of daily 
excretion was fairly constant, but m others there 
were wide vanations, far outside the possible error 
of determination Some hght has been thrown on the 
physiological mechanism responsible by a detailed 
long term study of steroid excretion m one patient 
with cychcal manic and depressive phases, and by the 
study of diurnal variations m 17 ketosteroid output 
m chrome scluzophremc patients before and after 
treatment 

EXPERIMENTAL 

Estimation of steroid excretion In all cases where the total 
neutral 17 ketosteroid fraction only was required, the 
simultaneouB hydrolysis and extraction procedure of 
Callow, Callow, Emmens A Stroud (1939) was employed 
These estimations were earned out at mtervals oi er long 
periods, on 24r-72hr urme specimens of mental patients 
and normal subjects In the case of the cychc patient, 
however, the more detailed procedure for fractionation and 
estimation of the steroids, as previously described by us 
(Reiss, HemphiU, Gordon A Cook, 1949), was foUowea 

Diurnal variations were estimated by makmg use of the 
micromethod of Drekter, Pearson, Bartezak A McGavaok 


(1947) which requires only 10 ml urme, such estimation' 
were earned out m dupheate, the margm of error bemg 
rather greater than m the macromethod It was thus 
possible to estimate 17 ketosteroid output on urme collec 
tions taken every 3 hr throughout the dav (7 a m -10 p m ), 
endmg with a 9 hr mght collection (10 p m -7 a m ) 

RESULTS 

Vanaliansini^ihr excretion Fig 1 illustrates the 
excretion rates of total 17 ketosteroids m mg /24 lir 
for normal subjects, over periods of 6-14 months, 
and this diagram may be compared with the corre 
spondmg excretion rates for oliromc scluzopliremc 
patients, which are recorded m Fig 2 The excretion 
rates for normal subjects are relatively constant, 
varjTOg at the most ±15 mg /24 lir Some of the 
patients also show excretion rates wluch approach 
this constant pattern (e g nos 7, 9, 10 and 12), but 
others show wide variations, wluch may amount to 
±60 mg /24 hr These variations could not neces 
sanly be correlated with the chnical picture Further 
mvestigations designed to ascertam whether relation 
ships exist between psychotic condition and con- 
stancy or mconstancy of ketosteroid excretion are at 
present bemg undertaken 




Bteroid excretion m a case of manic depressive psychosis A, total 17 ketosteroids 
/- )i -B ketonio fraction of 17 ketosteroids (mg /24 hr ) C, 3[p) hydroxy 17 ketosteroids (% of ketonio 
chnn'°° t ' (rat iimts/24 hr ) B, cortm, mg j2i hr , Dp, times of change mto depression Mn, times of 


Fig 3 records the daily excretion rates of vanous 
steroid fractions for a 45 year old typical manic 
dopressixe pstchotio patient, with relatively short 
phase cycles Manic phases vaned between 1 and 
6 necks, and depressue phases between 6 and 24 
da\-s, the transition from one state to another being 


always rapid The remission or mterval of normahty 
between mamc and depressive phases was never 
more than a few days and merged gradually mto the 
succeeding phase Values are recorded for excretion 
of total 17 ketosteroids, ketonic fraction, percent- 
age 3(^) hydroxv 17 ketosteroids m the ketonio 
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fraction, cortm 6ind oestrone, estimated at mtervals 
over a period of 1 year (dates of transition from phase 
to phase are included) The mconstancy of the ex- 
cretion rates of aU these fractions is particularly 
marked m this ease, the possible magmtude of the 
variations bemg greater than m the other cases, for 
correspondmg periods In as short a period as 10 
days, changes of 100-300% could occur, the cortm 
excretion, for mstance, changed durmg each cycle 
by over 100 %, as also did that of 3(P)-hydroxy 17- 
ketosteroids Durmg the course of the year, a total 
17-ketosteroid excretion varymg between 2 and 
18 mg /24: hr was observed A closer exammation of 
the variations m different fractions shows an mverse 
relationship between changes m |3 steroid and cortm 
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a tendency to maximal values durmg the hours 
shortly after wakmg, followed by a regular dechne 
durmg the rest of the day This normal pattern was 
shown by only a few of the psychotic patients The 
results are illustrated m Fig 4 The followmg devia- 
tions from the normal may be noted (1) A greatly 
enhanced mcrease m the ‘wakmg’ output (7- 
10 a m ) compared with the night output, some- 
times amountmg to 400 %, the correspondmg figure 
for normal subjects bemg 60 % (Pmcus <Su Hoagland, 
1943) (2) Shght variations only durmg the day and 
mght (3) Maximal excretion delayed untd a later 
tune durmg the day, mstead of m the 7-10 a m 
period (4) A second peak m output occurrmg late m 
the day, m addition to the morrung peak 



Patient 1 1 i* ■(8 



Time (divisions at 3 hr Intervals 


from 7am to 7 a.m ) 


Fig 4 Diurnal vanations of urinary 17 ketosteroid 
excretion 


Fig 6 Influence of dehydroisoandrosterone on 
dinmal pattern of 17 ketosteroid excretion. 


excretion — a similar mverse relationship between 
P steroid excretion and oestrone excretion was also 
sometimes noted The effect was most marked m the 
first regular cycles, where the onset of depression 
appeared to be accompamed by a tendency to 
excretion of a high proportion of |S steroids and a low 
cortm excretion Cortm excretion was usually 
nsmg at the transition mto mama, when at the same 
tune the proportion of |5 steroids was falling The 
clear cut pattern of mverse relationslup was followed 
by an irregular psychological period, durmg which 
tune changes m ketosteroid excretion contmued, 
unaccompanied by psychological changes From 
September onwards, a long period of depression was 
mamtamed, m which the average )3 steroid excretion 
was contmuously high (over 20 %) and the cortm 
excretion comparatively low 

Diurnal vanations The variations m 17 keto- 
steroid excretion durmg the day and night were m- 
vestigated m normal mdividuals by Pmcus (1943), 
who reported minimal excretion durmg sleep and 


Types 1 and 2 are both influenced by dehydroiso- 
androsterone treatment, as illustrated m Fig 6 
Patient 2, a catatonic of 20 years’ standmg, under- 
went no change m mental state after the treatment, 
and it will be seen that his diurnal variation curve, 
which IS of type 2, was not materially different after 
treatment had stopped, though it underwent con- 
siderable change durmg the course of the treatment 
Patient 1, on the other hand (a hallucmated and rest- 
less schizophremc of 16 years’ standmg), whose 
diurnal pattern is of type 1, responded well to treat- 
ment, and was subsequently discharged frnm 
hospital , at the same tune, the diurnal pattern was 
definitely changed after cessation of treatment, 
approximating more to the normal 

DISCUSSION 

A scrutmy of the ketosteroid excretion values of the 
psychotic patients, considered m relation to the 
known facts concemmg their clmical condition. 
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showed that those whose excretion was constant over 
several months (nos 6, 7, 8, 9, 10 and 12) were older 
chronic schizophrenic patients (two of them cata 
tome) who had been m hospital for at least 10 years 
The diurnal curves of this group, as far as they have 
been mvestigated, are of type 2, showing httle 
variation throughout the 24 hr period The other 
patients referred to m Fig 2 were restless and 
hallucmated. This group showed much sharper 
changes m the diurnal pattern, with a degree of 
variation several tunes greater than the normal 
maximum of 60 % observed hy Pmeus & Hoogland 
(1943) and hy us In some, the excretion peak was 
delayed, while m others, more than one peak could 
be observed It remama to be seen whether the 
differentiation of diurnal curves mto the types 1, 2, 
3 and 4 may become useful for diagnostic purposes 
It IS clear, however, that the resultant of the 
sharply changing diumal curves illustrated by 
types 1, 3 and 4 is likely to produce the greater 
variations m daily output 

The diurnal variation of 17 ketosteroid excretion 
IS an expression of the adaptation by the mdividual 
to the demands of his environment and daily life 
Very httle adrenal cortical activity is necessary 
during sleep, and the most essential demand m the 
24 hr cycle is m the process of waking It is, there- 
fore, understandable that the excretion is at a maxi- 
mum for normal subjects durmg the first few hours 
of the mommg, and this adaptation mechamsm is 
evidently disturbed m schizophrenic patients 

The daily excretion pattern of the mamc depres 
Bive patient shows that different functions of the 
adrenal cortex need not change m a parallel manner, 
smee the cortm like substances can show mcreases 
at the same time as the 3 (§) hydroxy 17 koto 
steroids are decreased, and vice versa The antagon 
ism between these two components was regularly 
observed, and changes m their values nearly always 
took place at times corresponding with changes m 
the mental state The sudden change into depression 
took place while the ^ steroid excretion was nsmg, 
or at a maximum, at the same tune as the cortm 
excretion was falling , the opposite changes were seen 
at the commencement of the maniacal phase For 
one period durmg the summer months of the year the 
t^'plcal excretion pattern was unaccompamed by the 
usual mental changes Towards the autumn of the 
"V oar the patient went mto a prolonged depression, 
durmg which, for more than 3 months, the 
steroids remamed high and the cortm excretion com 
paratu ely low 

It IS important to consider the extent to winch 
such changes m adrenal cortical actmty are a 
primers’^ cause, or a secondan consequence of the 
mental disturbance In this connexion, the work of 
Allen, Broster, Vines, Patterson, Greenwood, 
llaman &. Butler (1939) mnv bo taken mto account 
Bioohom 1940, 45 


These workers claimed that paranoid psychotics 
with adrenogenital vinhsm, who showed mcreased 
ketosteroid excretion, were improved mentally after 
unilateral adrenalectomy, when the ketosteroid 
level was also lowered. These are undoubtedly 
special cases, and while we do not suggest that the 
psychiatric condition weis similar to those we have 
studied, the physiological mechanism for the pro 
duction of some of the symptoms is probably the 
same Mental changes after castration are generally 
known, and considerable disturbances m testicular 
fimction m schizophrenic patients were demon 
stratedby Hemphill, Reiss & Taylor (1944) Further, 
m the previous paper of this senes (Reiss et al 1949) 
there was some mdication that the 3 (^) hydroxy 
17 ketosteroid, dehydrowoandrosterone, could m 
fluence the mental state In the present study, the 
diumal curve became more similar to the normal 
after admmistenng dehydroisoandrosterone m the 
case ofthe patient whose mental condition improved, 
but not m the case of the patient who did not im- 
prove It may be added that, m recent months, we 
have accumulated results of mvestigations, to be 
described later, on depressed patients showing ab 
normally high jS steroidexcretion, some of whom un- 
proved mentally after treatment with testosterone 
(which also brought about a decreased jS steroid ex- 
cretion) Hoagland (1944) reported improvement m 
work efficiency after administration of pregn 6-en- 
3-ol 20 one It is also pertment to remember that 
steroid hormones may influence the bram cir 
dilation (Reiss & GoUa, 1940) and may also exert a 
narcotic hke action (Selye, 1941) 

The facts quoted above suggest that changes in 
hormone production may directly influence the 
mental state It may be argued, howei'er, that the 
response of the adrenal cortex to different demands 
IB itself directed by vegetative bram centres, na the 
pitmtary anterior lobe It is perhaps permissible to 
visualize a cycle of events m which a disturbance of 
certam vegetative bram centres results m a d 3 ’B 
function of the adrenal cortex — the latter m its turn 
influencing other bram parts and produemg mental 
change Further clarification of such a mechamsm 
must await the accumulation of considerably more 
clinical and experimental evidence 

SUMMARY 

1 Daily 17 ketosteroid excretion m the iirme of 
mental patients, estimated at mtenals for seieral 
months, showed either constant or wideK i arymg 
i-alues 

2 Different tipes of diumal \anation of 17- 
ketosteroid excretion ha\ e been recorded m mental 
patients 

3 A patient suffenng from manic-depressii e 
psychosis was found to excrete a high proportion of 
3 (P) liydroxj 17 ketosteroids, accompamed by a 
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relatively low cortm value, during most of the de 
pressive phases The reverse changes were usually 
observed durmg mamc phases 

4 The possible relationships between steroid 
hormone production and mental symptoms are dis 
cussed m the light of the above findmgs 


The authors wish to acknowledge their indebtedness to 
Messrs Organon Laboratories for snpphes of dehydrowo 
androsterone and to Miss B Binham and Messrs R J 
Beavan, D J Dell and W G Warren for technical assist- 
ance, also to Mr F Knight for valuable co operation in the 
collection of specimens 
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Optical Rotation of the Molybdate Complex of Dextro-isoGitric Acid 

By L V EGGLESTON and H A KREBS 
Medical Research Oouncil UnUfor Research tn Cell Metabolism, 

Department of Biochemistry, University of Sheffield 

{Received 24 June 1949) 


Owmg to the high optical rotatory power of the 
wocitrate citrate molybdate complex, mdhgram 
quantities of dexlro wocitnc acid can be determmed 
polanmetncaUy (Martius, 1938, Jacobsolm, 1940, 
Martius & Leonhardt, 1943, Krebs & Eggleston, 
1943) * The accuracy of the method depends, inter 
aha, on information concermng the specific rotation 
of this complex under the conditions of the test 
Previous measurements, givmg an [a]^ value of 
— 780°, could not be regarded as highly accurate as 
the tsocitnc acid used for the measurements was not 
pure (Krebs & Eggleston, 1943) Dr H B Vickery 
has recently given us a sample of pure dimethyl 
wocitrate lactone prepared from the wocitnc acid of 
Bryophylhtm leaves (Pucher, Abrahams & Vickery, 
1948) This enabled us to make more precise measure 
ments of the rotation of the complex m the condi- 
tions used for the quantitative determmation of 
wocitnc acid 

EXPERIMENTAL 

To prepare a stock solution of dextro wooitno aoid 202 mg 
(1 mmol ) of the dimethyl ester lactone were dissolved m 
20 ml 0 26x NaOH and kept at 40° for 30 min This treat- 


* The term ‘ deairo-tsocitno acid’ is used m accordance 
with the conventions laid down m Principles of Abstracting 
(Bureau of Abstracts, 1948) The substance ime previously 
been called ‘(i-isocitnc acid’ (Pucher, Abrahams A Vickery, 
1948) and ‘( )i«ocitnc acid’ (Krebs A Eggleston, 1944) 


meat was found to be sufficient for the quantitative con 
version of the substance mto free tsooitno acid. The stock 
solution was diluted as required. 

The standard test conditions were as follows (see Krebs A 
Eggleston, 1943) To 10 ml of the solution to be tested were 
added 1 26 ml glacial acetic acid, 2 6 mk M sodium citrate 
and 11 26 mk 29% (w/v) ammomum molybdate (Citrate 
was mcluded because it mcreases the rotation of the com 
plex (Krebs A Eggleston, 1943, Martius A Leonhardt, 
1943) ) After mixmg and filtration the solution was trans 
ferred to a 2 dm water jacketed Hilger polanmeter tube 
Rotation readmgs were taken at different temperatures 
The hght source was a sodium lamp 

The results of the measurements at different temperatures 
are given m Table 1 The values for [aJxi are calculated for 
anhydrous tsocitnc acid, not for the molybdate complex 
(the structure of which is unknown) The concentration of 
tsocitnc acid m the test solution, as given m the top hne of 
Table 1, refers to the concentration of the solution m the 
polanmeter tube, i 6 after the addition of the vanous 
reagents 

The data show that [aL decreases with namg temper 
ature and also, shghtly, with namg ooncentration of iso- 
oitno atad It is therefore important m polanmetnc deter 
mmations to control the temperature and to select an [a]jj 
figure for the calculation which is vahd for the concentration 
range under test 

Further data for [a]^ at ten different concentrations of 
fsocitno acid are shown m Table 2 It should be noted that 
the absolute error of tbe measurements is constant (about 
±0 02° for a), and that the percentage error m a is therefore 
greater the smaller the value of the readmg 
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Table 1 Botation of the de'rtro iBocitraie citrate molybdate complex 


(For test conditions see text, a;, is the rotation m degrees observed m a 2 dm tube, [aL the sxieoific rotation calculated 
for uooitno acid ) 


Concentration of tsomtno 
acid (mg /mb) 


048 


096 


102 


3 84 


Temp 

, ^ 



s 

, ^ 


, ^ 


{”) 

“u 

Mu 

au 

[“L 

aj) 


“u 

[«]j> 

10 

-0 80° 

-834° 

-166° 

-812° 

-2 98° 

-776° 

-6 39° 

-701' 

16 

-0 77° 

-802° 

-160° 

-781° 

-2 82° 

-736° 

-6 18° 

-675' 

20 

-0 76° 

-781° 

-143° 

-746° 

-2 66° 

-693° 

-4 90° 

-646' 

26 

-0 73° 

-760° 

-138° 

-719° 

-2 61° 

-664° 

-4 76° 

-618' 

30 

-0 70° 

-729° 

-132° 

-688° 

-2 36° 

-612° 

-4 64° 

-69! 

35 

-0 68° 

-709° 

-126° 

1 

O 

-219° 

-670° 

-4 33° 

-664' 


Table 2 Effect of the concentration of dextro iso 
citnc acid on [a]^ m solutions containing the 
iBOCitrate citrate molybdate complex 
(Standard conditions. 2 dm. tubes 20° [alo calculated 


for MOdtno acid.) 



MoCitnc acid 



concentration 



(mg /ml 



solution tested) 

Ufl observed 

Wn 

0 240 

-0 40° 

-834° 

0 480 

-0 76° 

-781° 

0-676 

-0 89° 

-772° 

0 672 

-1 02° 

-768° 

0 768 

-1 16° 

-760° 

0 864 

-129° 

O 

1 

0 960 

-143° 

-745° 

144 

-2 09° 

-726° 

1 92 

-2 66° 

-893° 

384 

-4 96° 

-646° 


In the previous erpenmenta (Krebs & Eggleston, 1943) 
the rotation measured ivas about - 1 80° (2 dm tubes) at 


approximately 18° Accordmg to Table 1 [a]^ for these 
conditions is - 736°, -whilst it was pre-viously assumed to be 
- 780° A small correction of the previously calculated iso 
mtno acid values is therefore required The equilibrium 
mixture of citrate, wocitrate and cis acomtate had been 
taken to contam 6 2 % isocitrate (at 38°) The recalculation 
gives a value of 6 6% isocitrate 

SUMMARY 

The optical rotatory po-wers of solutions containing 
the wocitrate filtrate molybdate complex have been 
measured under varying conditions, m order to 
obtam reference values for the polanmetno deter 
mmation of dextro wooitno acid 

We are mdebted to Dr H B Vickery, Connecticut 
Agnoultural Experiment Station, New Haven, Conn , for 
a sample of dtxtro wocitno acid prepared by the late 
Dr Q H. Bucher 
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The Use of Buffered Columns in the Chromatographic Separation 
of 2 4-Dimtrophenyl Ammo-acids 

y 

Bv S BLACKBURN, Wool Industries Research Association, Tomdon, Headingley, Leeds 


{Received 27 June 1949) 


During an mvestigation of the action of papam on 
wool keratin, the elegant method of Sanger (Sanger, 
1946 , Porter & Sanger, 1948) was used to determine 
the end groups of the peptides hberated by the 
enzjTne In this method, the te rmin al ammo groups 
of protems or polypeptides are condensed -with 
12 4 fluorodmitrobenzene and the ammo acids 
origmally carrjmg free ammo groups are isolated 


ohromatographioaUy as their coloured N-2 4 
dmitrophenyl (DNP) derivatives after acid hydro 
lysis 

It -was observed at an early stage that sdica gels 
which had been successfully employed for the 
separation of N acetyl ammo acids were of httle 
use for the separation of DNP ammo acids Usmg 
choloroform as the solvent, for example, practically 
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all the DNP ammo acids ran together as one fast 
hand Consden, Gordon, Martm & Synge (1947), 
who had a similar experience, were of the opmion 
that the action of Sanger’s gels must he attributed to 
the occurrence of strong adsorption effects m addi% 
tion to the effect of distribution between the phases 
Sanger (1946) ongmaUy found the R values (Martm 
& Synge, 1941) of DNP ammo acids to vary con- 
siderably with the batch of sihca, and considered 
that they were adsorbed on the silica to a certain, 
extent Phillips & Stephen (1948) have also com- 
mented on the variation between different batches of 
gel 

The successful use of buffered columns of sihca 
gel m the separation of the pemcdhns by partition 
chromatography (Boon, 1948) suggested that the 
expedient might be useful m the separation of DNP 
ammo acids 

METHODS 

Preparation oj silica gd The general procedure of Gordon, 
Martin & Synge (1943, 1944) and Tnstram (1940) for the 
preparation of adica gel was foUoived After precipitation 
of the gel, a considerable excess of HCl ivas added to the 
mixture, which was then allowed to stand for 3 hr After 
filtration and washing, the gel was allowed to stand for 
3 days m distilled water, and was agam washed and dned 
The gel prepared in this way was a ‘non adsorbent’ gel 

Preparation of DNP ammo acids The DNP denvatives of 
glycine, Di<-nlanine, DL-valme, DL-isoleuome, DL-leucino, 
L-prohne, DL-phenylalamne, DL-methionine, DL-aspartio 
acid, DL-threonme, DL-senne and L-tryptophan were pre- 
pared by the method of Ahderhalden A Blumberg (1910) 
Bis DNP L-lysme was prepared by the same method and 
£ DNP L-Iysme accordmg to Porter A Sanger (1948) All 
these derivatives were recrystalhzed from appropnate 
solvents before use and had meltmg pomts m good agree 
ment with those m the hterature As reported by Sanger 
(1946), DNP L-glutamic acid did not crystallize DNP dl- 
glutamic acid was prepared by the method of Ahderhalden 
A Blumberg (1910) The cooled reaction mixture, after 
concentration in vacuo to remove the greater part of the 
ethanol, was diluted and extracted with ether The heavy 
oil which precipitated on acidification sohdified after 
standmg overnight It was recrystaUized twice from ethyl 
acetate-cycZohexane and had m p 172'’ (Found 0,42 3, 
H, 3 6, N, 13 6, QiiHjiOgNj requires C, 42 2, H, 3 6, N 
13 4%) All the above compounds were found to give smgle 
bands on appropriate sdica gel columns The reaction 
between 1 ,-tyroame and 1 2 4-ohlorodmitrobenzene gave a 
substance formmg a smgle band on a buffered CHCl, 
column This was presumably bis DNP L-tyrosme, smce the 
compound formed by the action of 1 2 4-fluorodmitro 
benzene on n-tyrosme had a similar rate (Sanger, 1946) 

Preparation of columns In general the customary tech 
mque of partition chromatography was employed, 66 % by 
weight of a smtable buffer solution bemg added to the dry 
gel before pourmg the column The buffers employed are 
oonvemently distinguished aa A, B, F and Q Buffer A was 
a 2m solution of NaH,P 04 Buffers F, B and 0 were 
Sorensen’s phosphate buffers (Bntton, 1942, Table 76) of 
pH 6 47, 6 98 and 6 24 resxiectively The concentrations of 
salts m these buffers were mcreased so that the molar con 
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centrations of H,P 04 in them were rcspectn ely 0 26, 0 6 
and 0 26 The pH of buffers A, B, F and G, as measured by 
the glass electrode, were 3 72, 6 61, 6 16 and 6 95 re 
spectively 

It was observed dnnng the course of this work that DNP 
ammo acids tended to decompose if exposed to sunhght on 
the colurrm Solutions of DNP ammo acids m solvents such 
ns CHClj also tended to decompose when exposed for long 
periods to hght, particularly sunhght The solutions then 
gave nse to additional bands on the chromatogram The 
practice was therefore adopted of evaporating the solvent as 
soon ns the band under consideration had run out of the 
column, and where neccssarj refractionation was earned out 
without undue delay Ethanol solutions of DNP ammo 
acids left for some weeks m a cupboard were found to give 
nse to fast yellow bands on columns m addition to the 
bands due to the DNP ammo acid 

RESULTS 

Using buffered columns of silica gel and water- 
saturated chloroform as solvent, mixtures of DNP 
ammo acids can readily be separated mto distmct 
bands By varymg the pH of the buffer, and hence 
the pH of the aqueous phase, the band rate of any 
ptirticular DNP ammo acid can be -varied -withm 
■wide limits As the pH of the aqueous phase of the 
column IS mcreased, the band rate of anj particular 
DNP ammo acid decreases The band rates can 
easily be made slow enough to separate DNP ammo- 
acids by mcreasmg the pH of the buffer 

Table 1 gives the band rates of a number of DNP 
ammo acids on columns buffered to different pH 
values m chloroform and zi-butanol chloroform 
mixtures The behavaour of DNP-hj droxyprohne 
■was not studied, smce it was kno-wn to be absent 
from the mixtures it was desired to mx estigate Ov er 
the pH range studied, the variation of band rate 
with pH of the column is most marked m the case of 
the slower moxung DNP ammo acids Usmg a smgle 
solvent such as chloroform m conjunction xvith 
different buffered columns, it is possible to effect 
separation of DNP ammo acids winch cannot be 
accomplished by the use of a single unbuffered 
column -with the same solvent The use of buffered 
columns largely ehmmates the x’^anations m be 
hanour between batches of sUica gel which prexuous 
workers have commented on A number of sol-vent 
systems have been found useful when emplo 3 ’-ed -with 
buffered columns Tliese systems and the type of 
separation they -will accomplish are brieflj described 
below A description is also given of the method of 
separation of DNP ammo acid mixtures based on 
these solvents and buffers 

Chloroform and butanol chloroform columns 

Buffer A CHCl, columns are useful for the separation of 
DNP monoanunomonooarhoxyho acids from DNP glutamic 
acid, DNP aspartic acid, DNP threomne and DNP serme 
These columns "will also separate DNP glutamic acid firom 
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Table 1 Band rates (iJ values) of DNP amvno-acvds t?i chloroform 
and butanol-chloroform 

jR valuea 


DNP ammo acid 

CHClj, 
buffer A 

CHdj. 
buffer B 

3 % butanol 
CHa„ buffer 0 

17% butanol 
CHClj, buffer . 

DNP leueme 

Fast 

07 





DNP valme 

Fast 

06 



— 

DNP phenylalanme 

Fast 

07 

— 

— 

DNP methionme 

Fast 

06 

— 

— 

DNP prolme 

Fast 

03 

— 

— 

DNP alanme 

Fast 

02 

— 

06 

DNP tryptophan 

06 

04 

Fast 

— 

DNP glycme 

09 

0 03 

06 

02 

Bis-DNP lysme 

07 

0-06 

Fast 

Fast 

Bis DNP tyrosme 

Fast 

007 

09 

Fast 

DNP threonme 

03 

Slow 

0 18 

0 16 

DNP serme 

0 11 

Slow 

0 08 

007 

DNP glntamio acid 

017 

Slow 

02 

Slow 

DNP ospartio aoid 

0-09 

Slow 

Slow 

Slow 


DNP aspartic acid and DNP threonine from DNP serme 
Buffer B CHClg columns mil separate DNP alanine from 
DNP glycme and DNP valine Irom DNP alanine The band 
rates of DNP ammo acids m CHClj on columns buffered to 
a more al kalin e pH (Surensen’s pH 8 phosphate buffer, 
0 26 m (Bntton, 1942 , Table 76 ) pH measured by glass 
electrode 7 84 ) irere si mi lar to those on buffer B CHClj 
columns Use of these columns did not separate those DNP 
ammo acids not separated on buffer B CHClj columns The 
rates of DNP ammo acids on buffer B CHClj columns are 
roughly similar to those found by Sanger ( 1946 ) on OHCI, 
columns Buffer B, however, probably gives less acid 
columns than does Sanger’s sihca geL 

In general, maximnm separation is achieved with the 
least amd columns, although the band rates may then be 
mconvemently slow Couvement separations of the slower 
movmg DNP ammo acids can often be achieved by em 
ploymg butanol CHClj instead of chloroform as the solvent 
A mixture of DNP-glycme and bis DNP lysme or bis DNP 
tyrosme does not separate readily on a buffer B CHClj 
column smce all three move slowly under these conditsons 
On a buffer B 3% butenol-CHCl, column, however, the two 
latter DNP ammo-acids move faster than DNP glycme and 
are readily separated irom it. 

Similarly, a mixture of DNP threonme, DNP serme and 
DNP aspartic acid can be separated mto three bands, 
emergmg from the column m the above order, on buffer 
G 3 % butanol CHCl, columns or on buffer B 17 % butanol 
CHdj columns. With a change m the solvent and buffer m 
this way, the order m which the DNP a mm o acids emerge 
fi^m the column may be altered. Thus on buffer A-CHCl, 
columns DNP glutamic amd emerges ahead of DNP serme 
On more alkalme columns, with butanol CHd, as the mobile 
phase (on buffer B 17% bntanol-CHd, columns), the B 
value of DNP serme is greater than that of DNP ^utanuc 
acid This behaviour may depend on the fact that the 
lomxation of DNP glutamic acid can mvolve two carboxyl 
groups, ns opposed to one m the case of DNP monoammo 
monocarboiyhc acids On the gels used by Sanger with 1 % 
butanol CHd, ns the mobile phase, DNP threonme and 
DNP serme have faster rates than DNP glutamic acid 
and DNP aspartic acid (Sanger, 1945, Porter A Sanger 
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Propanol cyclohexane columns 

Propanol epeZohexane (6 %) used with buffered 
columns is a very useful solvent for the separation of 
DNP monoammo monocaxboxyho acids The rates 
of the DNP ammo acids on these columns are also 
dependent on the pH of the aqueous phase Table 2 


Table 2 Band rates {B values) of DNP amtno-actds 
tn 6 % propanol cyclohexane 


DNP ammo acid 
DNP lencme 
DNP vabae 
DNP phenylalanme 
DNP methionme 
DNP prolme 
DNP alanme 
DNP tryptophan 
DNP glycme 


B values (6% propanol-ej/doheiane) 


Buffer A 

Buffer B 

Buffer F 



04 

06 

Fast 

0 16 

04 



02 

03 



0 06 

0-08 



— 

009 

Fast 

004 

0 10 



— 

Oil 

— 

0 02 

0-02 


gives the rates of DNP ammo acids m this solvent 
From the band rates quoted by Sanger (1946) for 
propanol cyclohexane columns it is evident that 
buffer F gives less acid columns than did Sanger’s 
gels with this solvent It has been found that buffer 
F columns are smtable for the separation of the 
majority of the DNP ammo acids of this group 
Tliiffer B columns may be used for the separation of 
the longer c hain DNP ammo acids The shorter 
cham DNP monoammo acids move rather slowly on 
buffer F 5% propanol cyclohexane columns, but 
buffer G 10 % propanol cyclohexane columns gives 
rates suitable for convenient separation 

On buffer B-6% propanol^iyrtobexane colnnma DNP 
valme can be separated from DNP alanme, and DNP 
alanme from DNP glycme DNP isoleucme and DNP 
vabne can be readily separated on a buffer B 6 % propanol 
cydobexane columns. A mixture of DNP isoleucme and 
DNP phenylalanme can also be separated on the latter 
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column, as can a mixture of DNP valme and DNP 
methionme A mixture of DNP isoleuome, DNP valme, 
DNP alanine and DNP glyome separates mto four bands on 
this column, but the rates of DNP alamne and DNP 
glyome are rather slow 

These columns thus generally affect the separa 
tions that can be achieved on ethanol-hgrom columns 
made according to Sanger (1946) It is noteworthy 
that both these solvent systems contam alcohols 
The type of separation which can be brought about 
by a given solvent system may therefore be corre 
lated with the chermcal character of the solvent 
Martm (1948) has previously pomted out the re 
lationship existing between the chemical constitu 
tion of the solvent and the extent of separation of 
ammo acids and their derivatives m partition 
chromatography 

Ether columns 

Buffer ^ -ether columns can bo used to free ether 
extracts of hydrolysates of DNP-proteins and poly 
peptides from HCl (of Sanger, 1946) as aU the DNP 
ammo acids travel fast on these columns On one 
occasion when an ether extract of DNP ammo acids 
from the hydrolysate of a protom treated with 
12 4 fluorodmitrobenzene was passed through a 
buffer Q ether column to remove HCl, yeUow bands, 
presumably DNP ammo acids, were observed 
passmg down the column Investigation showed 
that the DNP ammo acids moved on buffer B ether 
columns with characteristic rates, which are given m 
Table 3 These columns are useful for separatmg the 
slower moving DNP ammo acids from each other 


Table 3 Band rates (R values) of DNP amtno-acida 
in ether and 33 % ether Itgroin 



Ether, 

33 % ether hgrom. 

DNP ammo acid 

buffer B 

buffer B 

DNP leuome 

Fast 

06 

DNP valme 

Fast 

02 

DNP phenylalanme 

Fast 

01 

DNP methionme 

1 0 

01 

DNP prohne 

06 

004 

DNP alanine 

06 

0 08 

DNP tryptophan 

Fast 

0 09 

DNP glyome 

02 

004 

Bib DNl? lysme 

06 

(Sxiarmgly soluble) 

Bis DNP tyrosme 

09 

(Sparingly soluble) 

DNP threomne 

0 14 

— 

DNP serme 

010 

— 

DNP glutamic acid 

0 04 

— 

DNP aspartic acid 

0 01 

— 

A mixture of DNP threonme, DNP serme and DNP 

aspartic acid separates 

mto three 

bands, whilst DNP 


threonine or DNP senne can be separated from DNP 
glutamic acid DNP glutamic acid separates from DNP 
aspartic acid, but the band rates are rather slow for con 
vement separation DNP ammo acids which do not 
separate readily on buffer B CHCI 3 columns will often do so 
on buffer B ether colu mns Thus bis DNP tyrosme or bis 
DNP lysme will separate from DNP glycme The faster 
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movmg DNP ammo acids also separate on buffer B ether 
columns The band rates are somewhat high, but if more 
alkahne buffers are employed the bands ‘tad’ mto each 
other A mixture of DNP valme, DNP alamne and DNP 
glycme separates mto three bands, and DNP alamne can be 
separated from DNP methionme or DhTP tryptophan 

Ether hgroin columns 

The longer cham DNP monoammo acids have 
characteristic rates on buffer B 33 % ether hgrom 
columns (Table 3) These acids move fast on buffer 
B-ether columns A mixture of DNP -valme, DNP- 
alanme and DNP glycme separates mto three bands 
on a buffer B-33 % ether -hgrom column An 
extensive mvestigation has not yet been made, but 
these columns seem to effect the same separations as 
buffer B CHCI3 columns 

Golumrts employing organic solvents 
as the stationary phase 

lATien ‘non adsorbent ’ gels were employed it was 
found that certam of Sanger’s columns, which use 
hquids such as aqueous ethanol or aqueous acetone 
as the stationary phase, did not separate the appro- 
pnate mixtures of DNP ammo acids clearly Thus 
with the gels prepared by the present author a 
mixture of DNP valme and DNP-phen j lalanme was 
not clearly separated on acetone-cyeZohexane columns 
prepared accordmg to Sanger (1946) ^^^len one 
volume of acetone was mixed with one volume of 
buffer O mstead of water and the column then pre- 
pared as before, the expected separation was readily 
obtamed 

The separation of DNP alamne from DNP- 
prolme was also difficult on glycol benzene columns 
usmg ‘non adsorbent ’ gels TJsmg the same solvent 
system both DNP prohne and DNP alamne moved 
extremely slowly on a gel which had been prepared 
by precipitatmg sodium sdicate with acid and 
washing with buffer (buffer O) before drymg 

Band rates of acid soluble DNP ammo acids 

The band rates of the acid soluble DNP ammo 
acids were also found to vary with the pH of the 
aqueous phase of the column No sj^stematio m- 
vestigation of tins variation was made, but it was 
found that columns buffered with buffer A gave the 
desired separations with 66 % methyl ethyl ketone 
ether and 30 % butanol chloroform as the movmg 
phase These are the solvent systems used by Sanger 
for these separations 

Separation of mixtures of DNP ammo acids 

Prom the present experiments, and those of 
Sanger, it is endent that a mixture of DNP ammo 
acids can be separated mto its constituents m a 
number of different ways, as can a mixture of N- 
acetyl ammo acids (Tnstram, 1946) The number of 
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fractionationB necessary to effect a complete separa 
tion obviously depends on the number of DNP 
ammo acids present m the mixture bemg studied 
Buffered columns have been successfully employed 
by the present author m eeparatmg DNP amm o 
acid mixtures, and the scheme employed differs from 
that elaborated by Porter <fc Sanger (1948) The mitial 
fractionation is generally earned out on buffer B 
ether columns, although buffer <? 3 % butanol 
chloroform columns ■were employed m the earher 
stages of this work. On buffer B-ether columns the 
longer cham DNP monoammo acids move rapidly 
do-wn the column followed by DNP glyome, DNP- 
threonme and DNP senne, which can be separated 
and collected DNP glutamic and DNP aspartic 
acids form a slow -moving band at the top of the 
column which sphta mto its constituents on con 
tmued development Elution of these two bands 
separately with ether usually required too long a 
tune and it is convenient to elute them together ■with 
ether contammg a few drops of glacial acetic acid to 
make the column acid These DNP ammo acids then 
run rapidly through the column and, after takmg the 
solution to dryness, can be fractionated on a buffer 
A chloroform column The fast mo^vmg first band 
obtamed on buffer B-etber columns contams the 
DNP monoammomonooarboxyho acids After 
takmg to dryness, it is refraotionated on a buffer B 
chloroform column The bands from this fractiona 
tion are then further refractionated on buffer (? 10 % 
propanol eyefohexane columns for the slower- 
mo-ving DNP ammo acids and on buffer B B% 
propanol ci/cfohexane columns for the faster movmg 
DNP ammo ewids 

Sanger (1946) observed that partition chromato 
graphy on paper was not successful m separatmg 
mixtures of DNP ammo acids, owmg to ‘tailmg’ of 
the spots Phill i ps & Stephen (1948) claimed some 
success, particularly ■with the slower mo^vmg DNP 
ammo acids, using a two dimensional ■techmque 
Experiments by the present author -with a wide 
1 anety of solvents led to similar oonolusions to those 
of Sanger (1946), only a partial separation of the 
different DNP ammo acids being achie-ved It is 
probable that adsorption of the DNP ammo acids on 
the paper occurs and tlus effect is superimposed on 
the partition effects There is some evidence that 
adsorption does occur, smee when DNP ammo- 
acids were run m distilled ■water under conditions 
similar to those of capillary analysis (Bhemboldt, 
1925) fairly well defined spots were formed at some 
distance from the solvent front The difference m 
rate between the different DNP ammo acids ■was not 
sufficient to effect separations 

In a few experiments employing partition chro- 
matography, paper premously soaked m buffer solu- 
tion and then dried was used, but no marked mcrease 
m tlie effectiveness of the separation was aclueved 


Alumma trea'ted paper (Datta & OvereU, 1949) 
Bumlarly showed no marked improvement m separa- 
tion over ordmary paper m a limited number of 
experiments Columns of powdered cellulose satu- 
rated ■with buffer solutions effected some degree of 
separation of DNP ammo acids, but were not as 
successful as sihoa gel columns 

DISCUSSION 

Sanger (1945) and Consden et al (1947) considered 
that the DNP ammo acids are adsorbed to a certain 
extent on the sihca gel The theory of the partition 
chromatogram, as mitially worked out by Martm & 
Ssmge (1941), assumes that the partition coefficient 
of the solute remams constant vuth varymg con 
centration, but, as they pomted out, this is seldom 
the case If appreciable ionization of the solute, e g 
a DNP ammo acid or N acetyl ammo acid, occurs m 
the aqueous phase the partition coefficient ■wiU vary 
appreciably with the concentration As a result the 
forward boundary of the chromatogram band ■will 
become sharper and the back more diffuse, a 
result commonly observed m ordinary ‘adsorption’ 
chromatography where the adsorption foUo^ws a 
Langmuir type isotherm (Tisehus, 1947, Carman, 
1946) Tisehus emphasized that there ■was hardly 
any difference m pnnoiple between ordinary and 
partition chromatography By makmg the pH of 
the aqueous phase of the column sufficiently high, 
the ionization of the DNP ammo acid m the aqueous 
phase becomes appireciable and the band formed on 
the chromatogram ■will be of the adsorption type 
The adsorption effects noted by Sanger (1946) and 
Consden etal (1947) are thus probably due to small 
amounts of alkah retamed by the gel durmg its pre 
paration Porter cfc Sanger (1948) found that ad 
sorbent gels gi^vmg low R values produced maximunl 
resolution for any given solvent, but gave ‘ taihng ’ 
bands The present author behoves that variations 
m behamour between different batches of gel usmg 
unbuffered columns me due m large part to vana 
tions m the pH of the aqueous phase m contact with 
the gel Usmg a given buffered column, no signrfioatit 
vanation has been observed m the rate ofaparticular 
DNP ammo acid when different batches of gel are 
employed This mdicates that variations between 
different batches of gel, e g m the amount of acid or 
alkah retamed, do not cause significant variations m 
the pH of the aqueous phase of a buffered column 
Nevertheless, the band rate of any particular DNP 
ammo acid vanes with the amount of material 
placed on the column and with the distance the band 
has -travelled down the column It is possible that 
some of the ■vanations between batches of gel ob 
served m the separation of N acetyl ammo acids- 
(Tristram, 1946 , Martm, 1948) might be ehmmated 
by the use of buffered columns 
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The present buffers and solvent systems may not 
necessarily be the best or the most convement for 
separatmg mixtmes of DNP ammo acids, and other 
schemes of separation usmg buffered columns 
could almost certainly be devised The primary 
object of the present work was not centred m de 
vismg the best analytical method, but m ehmmating 
some of the difficulties encountered usmg unbuffered 
columns The apphcation of these methods will be 
described m a forthcoming paper 


SUMMARY 

The use of buffered sdica gel columns m the partition 
chromatograpluc separation of 2 4 dmitrophenjd 
ammo acids is described 

I am mdebted to the Director and Council of the Wool 
Industries Research Association for permission to publish 
this paper and to Sir G R Lee for assistance with the ex 
penmental work. 
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The Mechanism of the Action of Notatin 

By R BENTLEY aot. A NEUBERGER 
Naltonal Institute for Medical Bescarch, Hampstead, London, A’ TF 3 

{Received 15 July 1949) 


Notatm IS an enzyme discovered by Muller (1928) m 
Aspergillus niger and m Penicilhum glaucum, and 
named by him glucose oxidase Muller showed that 
this enzyme catalyses the oxidation of glucose by 
molecular oxygen to an acidic product which ho 
identified as gluconic acid Subsequently it was 
found by Franke A, Lorenz (1937), using a more 
highly purified preparation, that hydrogen peroxide 
was formed m this reaction , these authors also sug- 
gested that the enzyme was a flavoprotem A more 
complete purification was achieved by Coulthard, 
Michaehs, Short, Sykes, Sknmshire, Standfast, 
Brrkinshaw & Raistnck (1942, 1946), who named the 
enzyme notatm Independently, Van Bruggen, 
Reithel, Cam, KAtzman, Doisy, Muir, Roberts, 
Gaby, Homan & Jones (1943) also purified the same 
enzyme, designated by these authors pemcillm B 
The experiments of the American workers suggested 
that the prosthetic group was the aUoxazme adenme 
dmuoleotide This was defimtely proved by Keihn & 
Hartree (1946, 1948a, 6), who exammed the physical 


and chemical properties of the enzyme m great detail 
and also dete rmin ed its specificity range very 
thoroughly 

The overall reaction catalysed by notatm is 
generally represented as follows 

CjHijOo -f- Oj + HjO ~ CjHjjO- + HjOn 

This equation does not make clear which is the 
essential, enzyme catalysed step m the reaction and, 
mdeed, there has been some discussion as to whether 
notatm is a dehydrogenase (Franke & Lorenz, 1937 ,* 
Franke & Defi&ier, 1939), or an oxidase (Muller, 
1936) The latter hypothesis assumes that the 
enzyme ‘activates’ molecular oxygen, one of the 
oxygen atoms combmmg with the aldehyde form of 
glucose, whilst the other reacts with water to form 
hydrogen peroxide However, the fact that notatm 
contains alloxazme-adenme dmucleotide suggests 
that the enzyme is a dehydrogenase Accordmg to 
this second concept notatm catalyses the transfer 
of two hydrogen atoms fi'om glucose or fixim the 
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hydrated aldehyde form of glucose (Frauke & 
Lorenz, 1937) to molecular oxygen and the latter 
acts entirely as a hydrogen acceptor 

The present authors (see Bentley, 1948) have found 
that the oxygen obtamed from the decomposition of 
hydrogen peroxide, by catalase, m vrater enriched 
■with respect to ^*0, contains the normal abundance 
of Under these experimental conditions, there 
fore, there is no exchange of oxygen atoms bet'ween 
hydrogen peroxide and -water during the decomposi 
tion of the hydrogen peroxide It thus appeared 
possible to establish defimtely the mechanism of the 
action of notatm by carrying out the glucose oxida 
tion m -water enriched -with and subsequently 
decomposmg the hydrogen peroxide -with catalase 
If the notatm acts as an oxidase, the oxygen evolved 
on decomposition of the peroxide sliould contam half 
the isotope excess of the "water used as a solvent 

ISO + “0»0 

If, on the other hand, gaseous oxygen is a hydrogen 
acceptor m this reaction, the hydrogen peroxide -will 
not contam any excess 

CaHi, i«0,+«0j + H, i«0 “O, “O + Hj, “O, 

EXPERBtENTAL 

Materials 

Notaiin This -was a highly punfled preparation snppbed 
to na by Prof D Keilm 

Catalase. Preparatoina were made from horse hver and 
horse erythrocytes by the methods of Sumner, Dounce & 
Prampton (1940) and of Bonmchsen (1947), respectively 
The haematm content of the catalase solutions -was de 
termmed accordmg to Eeilm & Hartree (1936) The solu 
tiona used were between 10“’ and 10“® M 

Glucose. In most of the isotope experiments a commercial 
sample of glucose hydrate was used which consisted almost 
entirely of the a form Pore anhydrous a glucose was 
prepared accordmg to Hudson L Dale (1917), it had 
Wb = +101 6° (6 nun ) j9 Glucose was prepared by the 
pyndme method of Behrens (1907) and reorystalhzed from 
aqueous ethanol as described by Hudson & Dale (1917), it 
had [oc]^ = +20 S’ (6 min.) 

Isotope experiments tn H. 

These experiments were earned out m a flask (25 mb 
Capacity) attached through pressure tubing to a 10 ml gas 
burette The flask could be shaken mechamcally 
Glucose monohydrate was dissolved m Hj^O and the 
notatm added m a length of meltmg pomt tubmg so that 
mitially it did not dissolve The apparatus -vras swept oot 
■with normal 0, and then closed mth the burette full of 0, 
The flask was agitated so that the notatm dissolved and 
then shaken mechamcallv at room temperature, the Oj 
uptake hemg followed m the burette When there was no 
further change, the contents of the flask -were transferred 
to one leg of the gas sample tube described by Spnnson i. 
Rittcnberg (1948) • The other leg coutamed a few drops of 


a catalase solution The solutions were frozen m an ethanol 
CO, bath and the tube evacuated to lO"* mm The tube was 
then closed by turning the cap, and the solutions allowed to 
thaw and degas The contents -were agam frozen and the 
evacuation was completed. After thawing, the solutions 
were mixed to decompose the H,0, and the hberated 0, 
admitted to the sample system of the mass speotrometer m 
the usual way Water samples were analysed by equihbra 
tion -with CO, m the presence of oarhonio snhydrase (Cohn 
A Urey, 1938 , Bentley, 1948) 

Possible exchange of oxygen tn the decomposition of H,0,, 
by catalase In a large number of control experiments HjO, 
at vanouB concentrations was decomposed, in vacuo, by 
catalase m the presence of Hj^'O (1 39 atom % excess ”0) 
The evolved 0, -was analysed m the mass spectrometer, but 
was never found to contam a significant excess of “0 la 
■view of the relatively low degree of ermchment of “0 m the 
water used, it cannot be condnded that no exchange occurs 
in the catalytic decomposition of HjO, But it foUoivs that 
if such an exchange ocenrs, it must be relatively small and 
would not affect the mterpretation of the experiments re- 
ported m this paper In farther control experiments it was 
shown that there was no isotope exchange between 0, and 
H,’*0 on shakmg m the presence of notatm 

Eccpenmenls tn 

Glucose monohydrate dissolved m normal -water was 
placed m one leg of the gas sample tube of Spnnson i., 
Rittenherg (1948) and the dry notatm m the other leg The 
solutions -were degassed and the tube evacuated as de 
Bcnbed above The tube and contents were kept m an 
ethanol CO, hath and connected to the anodic part of an 
apparatus (Bentley, 1949) m which H,“0 was electrolysed 
When the required quantity of ’*0, had been liberated, the 
tube was dosed The contents were aUovred to tha-w and the 
notatm dissolved by iruTing The tube was shaken at room 
temperature until the reaction -was judged complete 
(3-4 hr ) The contents were frozen and a sample of the ’*0, 
remammg m the tube admitted to the mass spectrometer 
for isotope analysiB The solution was washed mto one leg of 
the tube and 'the H,0, decomposed mth catalase as de 
scribed above The 0, obtamed -was analysed m the moss 
spectrometer 

Potenttomeinc and polanmelric expenmenis 

Another senes of experiments was earned out with the 
purpose of identifymg the primary product of the action of 
notatm on glucose In these experiments a or ^ glucose 
(anhydrous) was dissolved m water (with or -without buffer) , 
0 2% (w/v) notatm and about 1 x 10“’ U catalase wore then 
added and the solution made up to volume -with -water The 
solution was then transferred to a comcal flask (100 mL) 
fitted -with inlet and outlet tubes 0, -was passed m a fairly 
rapid stream through the inlet tube whilst the flask -was 
shaken meohamcaHy The temperature m all experiments 
-was 30 ±0 2°, unless otherwise stated. 

Bolanmetno measurements were made -with a 2 dm. tube 
at 19-20° The pH was measured with a glass electrode 
nsmg a Cambndge Instrument Co portable pH meter 


* One of us (R Bentley) is very much mdebted to Dr 
Rittenberg for a descnption of this tube m advance of 
pnbhcation. 
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Enzymio oxidation iras foUoived either by estunatmg the 
remaining glucose by titration ivith hypoiodite (Wfllstfitter 
& Sohudel, 1918) or by titratmg alkahmetnctdly the total 
glucomo acid formed 

Total gluconic acid As wiU be shoim later, a lactone of 
glucomo acid is the first product of the enzymio reaction It 
was therefore necessaiy, m order to estimate the combined 
and See glucomo acid and lactone, to bod the solution after 
each addition of alkah The latter was added untd the pink 
colour of phenolphthalem persisted for at least 1 mm The 
blank values obtamed by titratmg samples withdrawn at 
zero time were generally very small unless appreciable 
amounts of buffer were used The values obtamed by the two 
methods agreed generally withm 3 % However, the aUcah 
metno method was found to be more rehable and figures for 
oxidation are based only on the total glucomo acid values, 
unless otherwise stated 

Free gluconic acid This was estimated by titrating a 
sample with 0 05 n NH, at 1-3° to a pH of about 0 0-6 6, 
n/nng BJ> H Universal ladicstor Tbe results obtained by 
this method were only accurate within about 6-10 %, since 
hydrolysis of the lactone dnrmg the titration could not be 
completely avoided 

RESULTS 
Isotope experiments 

Experiments with Table 1 shows that there 

IS no detectable isotope excess in the hydrogen 
peroxide produced in the notatm reaction, if 
ordinary oxygen and isotopically enriched water are 
used The figures for oxygen uptake indicate that 
only about 80-90 % of the total glucose has been 
oxidized This is caused by the accumulation of 
hydrogen peroxide owmg to the absence of catalase 
m the first phase of the experiment, and also by the 
absence of buffer 
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Expenments with i ®02 If the oxidation of glucose 
by notatm is earned out with isotopically enriched 
oxygen and ordmory water, the oxygen evolved 
from the hydrogen peroxide has the same isotope 
composition as the gaseous oxygen used (Table 2 ) 
Both sets of expenments prove conclusively that the 
oxygen atoms of tbe hydrogen peroxide produced m 
thenotatmreaction, are not denved from the solvent, 
but from the oxygen of the gas phase 

The relative rates of oxidation 
of a and )3 glucose 

Fig 1 shows the results obtamed with a- and /3- 
glucose respectively In these expenments the 
glucose was added last to the solution m order to 
minimize the effect of mutorotation of the glucose 
It appears that the enzyme acts on both forms, 
although the )3 form is oxidized about 1 3 tunes more 
qmckly than the a form It cannot be assumed that 
a-glucose is first converted to j 8 glucose by spon- 
taneous mutarotation and then attacked by the 
enzyme, smee the rate of mutarotation of glucose 
under the conditions used is too slow, compared with 
that of the enzymic oxidation Moreover, the shape 
of the curve does not mdicate that the rate of oxida- 
tion of a glucose mcreases with tune It was con- 
sidered possible that the enzyme catalyses the muta- 
rotation of glucose This was tested m the followmg 
maimer 

Anhydrous a glucose (0 64 g ) was dissolved m 25 ml of 
water which had been boiled to remove 0, and then quickly 
cooled to 20°, to 10 ml. of this solution was added 0 6 ml of 
0 2% notatm and 7 6 mb of water, whilst the control was 
made up to the same volume with water Both samples 


Table 1 Atom % excess ^*0 in hydrogen peroxide formed on oxidation of glucose 
by notatm with “O 3 in 


(Experimental error of isotope analysis for m samples of normal or nearly normal abundance = ±0 003 atom % ) 



Glucose 



Atom % 

Duration 

0. uptake 

Atom % 

Exp 

monohydrate 

Notatm 

Ht“0 

excess ^*0 

of exp 

a t N T jp 

excess 

no 

(mg) 

(mg) 

(ml) 

m water 

(hr) 

(mb) 

m HjOj 

1 

76 

010 

1 0 

101 

26 

6 

0 002 

2 

100 

06 

20 

101 

30 

10 

0 003 

3 

100 

06 

20 

101 

40 

96 

0 003 


Table 2 Atom % ^*0 in hydrogen peroxide formed on oxidation of glucose 
by notatm with I'O. m H-^'O 

(Experimental error of isotope analysis m samples of about 0 0 atom % excess = ±0 005 % a Glucose monohydrate was 

used m Exps 1 and 2 and anhydrous p glucose m Exp 3 ) ' 

Atom % excess ^’0 of 

I'Oj evolved r — ' 1 


Exp 

Glucose 

Notatm 

Water 

(colo ) at 

N T P 

Temp 

Duration 
of exp 

Electrolytic 

Oxygen remam 
mg at end of 

Oxygen from 
peroxide 

no 

(mg) 

(mg) 

(ml) 

(ml) 

n 

(hr) 

oxygen 

moubation 

decomposition 

1 

100 

06 

1 

86 

18 

36 

0 603 

0 663* 

0 663 

2 

100 

06 

1 

10 2 

18 

3 76 

0 691 

0 693 

0 687 

3 

100 

06 

1 

8 6 

37 

1 

— 

0 679 

0 680 


* This dilution was due to an air bubble accidentally admitted during electrolysis The presence of air was confirmed by 
an ion beam in the spectrometer at moss 40, showmg the presence of argon 



687 


THE MECHANISM OF THE ACTION' OF NOTATIN' 


Vol 45 

•were transferred 'to polanmeter tubes and the changes of 
optical rotation observed for 4 hr The following [aE values 
were obtamed for the control solution +92 6° (22 6 mm.), 
+ 87 6° (31 6 mm.), +68 6° (74 6 mm ), +66 4” (300 mm ) 
The sample containing notatm had the foUowmg [aE 
values +76 2° (23 mm), +69 T (32 mm ), 66 6° (76 mm ), 
+51 7° (300 mm.) There thus seemed to be a definite 
diiference between the two solutions However, it was found 



Fig 1 The relative rates of oxidation of a and )3 glucose by 
notatm Anhydrons a or |9 glucose (600 mg ) -was added 
to 60 ml solution containing m acetate buffer pH 6 7 
(4 mh), catalase (0 6 mb) and notatm (0 4 mg ) Oxida- 
tion was at 22° for the times mdicated by the abscissae, 
0 In I, (10 mb) andO In NaOH (16 mb) were then added 
to 6 mb samples After standmg for 6 mm , the I, not 
used up was titrated mth 0 1 N Na^jO, after the addition 
of2 6mb6N H^SO, 

that the notatm had brought about the oxidation of about 
3-4% of the glucose The specific rotations of glucomo acid 
and the 8 lactone ore smaller than that of a glucose and this 

wiU account for a small part of the difference Moreover, the 

formation of &ee glucomo acid and the consequent change of 
pH IS bound to affect the non enzymic mutarotation of 
glucose However, the slight oxidation found cannot 
oxplam the results obtained 

There la thus suggestive, but no conclusive 
o\ idence that nota-tin catalyses the mutarotation of 
glucose and that a glucose is con-verted enzyirucally 
to p glucose before oxidation can take place 

The natxire of the primary product of oxidation 
Comparison between the development of acidity and 
the disappearance of glucose Gluconic acid is a 


moderately strong acid Thus glucomc acid solutions 
prepared by treatment of calcium d gluconate 
hydrate ivith the calculated eimount of oxahe acid 
had the following pH values 0 001 m, 3 18, 0 Olai, 
271,01m, 2 26 AOlsi solution half neutralized 
■with 0 In' NaOH had a pH of 3 66 The pK of glu 
conic acid must therefore be about 3 6-3 7 * It is to 
be expected therefore that the formation of a Hmall 
amount of fi«e glucomo acid will, m the absence of 
buffenng, reduce the pH to below 3 6 The pH 
optim u m for notatm is about 6 6 (Kedm & Hartree, 
1948 o) and the rate of oxidation falls off rapidly 
from pH 4 to 3 0 to become quite small at higher 
acidities Muller (1928) had already found that a 
decrease of pH and mcrease of base bmdmg occurs 
m the notatm reaction and this retards the action of 
the enzyme It -was thought, therefore, that glucomc 
acid itself is the first product of this oxidation 
However, it can be sho-wn that the development of 
acidity 18 not port of the oxidation process, but occurs 
later and is almost certainly not catalysed by the 
enzyme This is clearly sho-wn by the foUowmg 
experiments 

Oxidation with a large amoimt of enzyme, but with 
out buffer ^ Glucose (80 mg ) -was added to a solu 
tion (total vol 16 ml ) contaming 2 4 ml 0 2 % 
notatm and 0 6 ml catalase Oxidation was allo-wed 
to proceed for 8 mm , by that tune 84 % of the glucose 
had been oxidized The initial pH was 6 4 and at the 
end of the oxidation 3 66 The solution was now 
cooled to 20° and left to stand under N, The pH 
changes were as follows 16 mm after the addition 
of enzyme, 3 16, 20 mm , 2 99, 40 mm, 2 76, 
60 mm ,2 66 There -was no further oxidation durmg 
the second part of the experiment 

Oxidation in the presence of a small amount of 
buffer In this experiment the amoimt of base m the 
acetate buffer was eqmvalent to 10 % of the glucose 
used, p Glucose (0 64 g ) was dissolved m a solution 
(total vol 30 ml )contammg3 ml 0 12 n acetic acid, 

3 ml 0 In NaOH, 0 3 ml catalase solution and 3 ml 
0 2 % notatm Oxidation was allowed to proceed for 
0 6 hr During that tune the pH had fallen from 
6 68 -to 4 29 and 94 % of the glucose had been 
oxidized The solution was agam cooled to 20° and 
the pH changes noted for the foUowmg 15 hr 
During the second part of the experiment a further 
3% of the glucose was oxidized The pH changes 
were as foUows Tunes (m hr ) from the begmrung of 
the experiment are given m brackets 4 15, (0 8), 

4 00, (I 1), 3 88, (1 5), 3 78, (1 76), 3 69, (2 1), 3 55, 

(2 7), 3 38, (4 0), 3 27, (5 0), 3 08, (8 0), 3 02, (10 0) 

Tri this experiment the pH did not fall below 3 0 
owmg to the buffermg effect of the gluconate ion , 
sodium acetate and glucomc acid must ha\ e reacted 
■to gi-ve acetic acid and sodium gluconate 

* May, Weiflberg & Hemck (1929) found a value of 3 78 
for tho pK of glucomc acid 
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Measurement of free and total gluconic acid Table 3 
shows that the pnmary product is a substance which 
does not titrate as tin acid under the conditions used 
for the estimation of free gluconic acid, but can be 
estimated under the more vigorous conditions em- 
ployed for ‘ total ’ glucomc acid The most reasonable 
assumption is that this substance is a lactone The 
relative proportion of free gluconic acid is small m the 
beginnmg of the oxidation, hut increases rapidly, 
after most of the oxidation is finished This is m 
accordance with the pH measurements reported 
above The converse, of course, apphes to the lactone 
winch IS measured by the difference between total 
and free glucomc acid 

Table 3 Comparison of the rate of formation of free 
and total gluconic acid during the oxidation of 
glucose bg nolatm- 

(a. Qlncoae (0 640 g ) was dissolved m GO mL water con 
taming 0 41 mg notatm and 0 6 ml catalase Oxidation 
proceeded at 24° 3 mL samples were withdrawn at smtable 
mtervals and titrated for free and total glucomc acid as 
described m the text The very small blank values were 


subtracted ) 





Percentage of glucose 



ongmally ] 

3 resent 


Time after 

converge 

1 mto 


addition 

t ^ 

. ...1 

Ratio of 

of glucose 

(a) Free 

(6) Total 

total/free 

(min ) 

glucomc acid glucomc acid 

glucomc acid 

10 

06 

10 9 

21 8 

20 

10 

17 9 

17 9 

30 

1 6 

24 0 

16 0 

60 

6 1 

424 

83 

90 

93 

62 5 

60 

128 

19 0 

69 3 

32 

160 

36 0 

75 1 

2 1 

1080 

842 

100 1 

1 18 


Polanmetric measurements 

The experiments so far reported indicated that 
notatm converts glucose to a lactone or some other 
neutral substance which is slowly converted to 
gluconic acid A more definite identification of this 
primary product was achieved by foUowmg the 
changes m optical rotation 8 Gluconolactone has 
an mitial [a]^ of -f 66 2° (Nef, 1914, Isbell & Frusb, 
1933) which falls over 24 hr to 4-8 8°, whilst y 
gluconolactone reaches an equihbnum value much 
more slowly Fig 2 shows that the primary product 
of the notatm reaction resembles 8 gluconolactone 
very closely, the shght differences between the 
mutarotation curves found here and those reported 
by Nef (1914) or by Isbell & Hudson (1932) are 
caused by the fact that m experiments with pure 
8 lactone all the lactone is present at zero tune, 
while m the enzymic experiments it is bemg formed 
from glucose durmg the first 20-30 rmn of the 
experiment The small amount of glucose left at the 
end of the exjiemnent (6 6 and 7 % respectively) 
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explains the relatively high equihbnum figure 
after 24hr , wluch was -f 12 1° instead of -f8 8° 
found by the other workers 



Fig 2 Compariflon of the mutarotation of the product of 
the oxidation of )3 glucose by notatm with the mnta 
rotation of 8 and y gluconolactone Curve A gives the 
[a]j) values (calculated m terms of gluconolactone) of the 
oxidation product Curve B is the mutarotation curve of 
8 gluconolactone, and curve C is that of y gluconolactone 
The data for the two lactones were obtamed from the 
figures given by Nef (1914), Isbell & Hudson (1932) and 
Isbell & Fmsh (1933) The oxidation was earned out as 
follows Anhydrons )3 glucose (600 mg ) was added to 
30 ml of a solution contammg notatm (4 8 mg ) and 
catalase solution (0 4 ml) Oxidation proceeded for 
26 mm at 30°, when 93 % of the glucose had been 
oxidized The solution was then filtered and the rotation 
measured 

DISCUSSION 

The isotope experiments prox’e conclusively that 
notatm catalyses the transfer of hydrogen from 
glucose to the oxygen of the gas phase The fact that 
there was no isotope exchange between Ho^^O and 
“Oo on shakmg with notatm is confirmatory evi- 
dence that tins enzyme does not produce a direct 
‘activation’ of molecular oxygen, similar to the 
‘activation’ of hydrogen produced by the enzyme 
system of Proteus vulgans (Hoberman & Bittenberg, 
1043) 

At first, the most likely substrate of notatm 
appeared to be the hydrate of the aldehyde form of 
glucose — ^which could be dehydrogenated to the free 
gluconic acid m the manner suggested by Wieland 
(1932) However, Goto & Titam (1941) have shown 
that at room temperature, but not at 100°, the rate 
of exchange of glucose with Hj^^O is very slow and 
that mutarotation takes place without exchange of 
oxygen Smee reversible hydration of glucose 
necessarily mvolves oxygen exchange on Cj, it 
foUowB that such an un catalysed hydration is slow at 
room temperature Thus, if the actual substrate of 
dehydrogenation were a glucose aldehyde hydrate. 
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it would have to be assumed that notatin, m addi 
tion to its oxidizmg action, also catalyses the con- 
version of nog forms of glucose to the open aldehyde 
form and/or the hydration of the aldehyde Such a 
rather comphcated hypothesis becomes unnecessary 
in view of the experiments reported now 

The fact that the development of acidity is not 
directly associated with the enzymic process and can 
be made to take place almost entirely after the oxida 
tion has stopped, shows that the pr ima ry product is 
not glucomc acid This is also shown by the com 
panson of the formation of ‘free’ and ‘total’ 
glucomc acid From the polarrmetnc experiments it 
can be deduced that the neutral primary product is 
8 gluconolaotone It thus follows that the substrate 
of notatm is glucopyranose and not the free aide 


about 35 tunes faster with j 6 than with a glucose 
(IsbeU & Pigman, 1933) Oxidation with hypo 
clilonte, on the other hand, is faster with a- than 
with p glucose (Jeannes & IsbeU, 1941) 

Detailed mechanism of the 
hydrogen transfer 

In the reaction under discussion, two protons and 
two electrons are transferred from glucopj'ranose 
tlirough the flavoprotem to molecular oxygen This 
could occur m two successive steps, each mvolving 
the transfer of one electron , this mechanism may be 
pictured as follows (leaving out the mtermediate 
reactions mvolvmg the prosthetic group of the 
enzyme) 



hyde, or its hydrate, or one of the two glucofura 
noses If the aldehyde were the substrate, the 
primary product would be gluconic acid, whilst the 
oxidation of a furanose would have yielded the y 
lactone 

The results reported here may suggest that notatm 
acts on both a and )3 glucopyranose, though the rate 
IS defimtely faster with the p isomende However, 
suggestive evidence was obtamed that notatm 
catalyses the mutarotation of a glucose, and it is 
very probable that mutarotation catalysed by 
notatm precedes oxidation * Kedm & Hartree 
(1948o) have recently examined the substrate 
specificity of notatm m some detail They have 
found that mannose and xylose are oxidized at about 
1 % of the rate found for glucose, and galactose is 
also attacked, albeit more slowly It is of mterest 
that the action of bromme on glucose m a buffered, 
ueakly acidic medium also yields S gluconolactone 
and not glucomc acid (IsbeU Hudson, 1932, 
Isbell, 1932) However, m tins reaction the rate is 

♦ Keilm A, Hartreo (private communication) have m 
dcpendcntly discovered the effeot of notatm on the mute 
rotation of a glucose and have made this problem the 
subject of an extensive investigation 


In the first step the glucopyranose loses a proton 
and an electron to give two free radicals, HO 3 and 
a radical derived from glucose , the latter then loses 
a second electron to form a carbonium ion which is 
stabilized by resonance with an oxonium ion 
A prototropic reaction between the oxomum ion and 
the peroxide amon then completes the oxidation 
Riboflavm and flavoprotems can exist m the form of 
fairly stable free radicals (Haas, 1937 , llichaehs <Sr 
Schwarzenbach, 1938), andprehmmarj experiments 
earned out here appear to show that notatm con 
catalyse the reaction between titanous chloride and 
lodme, presumably by the mechanism suggested bj 
Shaffer (1933, 1930) It can therefore be assumed 
that notatm may be an mtermediate in reactions m 
volvmg the transfer of one electron by bemg itself 
transformed mto a free radical However, there is 
no evidence for even the transient existence of a free 
radical derived from glucose, and the known facts 
are equaUy compatible with the assumption that the 
oxidation of glucose bj notatm occurs b\ an ionic 
mechanism 

Accordmg to tins concept the essential step m the 
reaction is the transfer of a hvdnde ion, 1 e a proton 
with two electrons, from the glucopvTonose to mole 
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cular oxygen, and thus the reactions (1), (2) and (3) oxygen It is concluded that notatm catalyses the 
are telescoped into one transfer of hydrogen from glucose to oxygen 



+ 


0 . 



+ HO,- 


(6) 


This IS followed by reaction (4) as above The shift 
of a hydride ion has been postulated as the mechanism 
of other redox reactions such as a Cannizzaro reaction 
(viz Hammett, 1940) No facts are available which 
would enable us to decide which of the two mtorpre 
tations IS correct In any case, the distmction may 
be somewhat unreal, smce the lomc mechanism may 
be considered to represent an extreme case of the 
free radical mechantBm m winch reactions (2) and (3) 
are mfinitely fast compared with reaction (1) 

SUMMAHY 

1 By using water and molecular oxygen labelled 
with it is shown that the oxygen atoms of the 
hydrogen peroxide produced m the oxidation of 
glucose by notatm are derived from molecular 


2 A comparison of the rate of oxidation of glu- 
cose by notatm and the development of acidity 
shows that the first product of the enzymic action is 
a neutral substance Polanmetnc measurements 
mdicate that this is 8 gluconolactone which changes 
by a non -enzymic reaction mto gluconic acid 

3 The mechanism of the transfer of two hydrogen 
atoms of glucose to oxygen is discussed. Two alter- 
native mterpretations are proposed, one mvolvmga 
free radical mechanism and the other a simul- 
taneous transfer of two electrons as the rate deter- 
mmmg step 

The authors wish to thank Prof D Keihn, P RA , for 
puttmg at their disposal highly purified notatm. Miss M G 
French and Miss B Wiltshire for assistance m the chemical 
work and Mr Q Dickinson for help with the mass spectro 
meter 
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An Apparatus for the Micro -electrolysis of Water 


By B National Instiiute for Medical Research, London, N W 3 


{Becxtved 16 July 1949) 


In tracer work using D and ^*0 it is often desirable to 
be able to decompose small amounts of water This is 
particularly the case with ^®0, where rather hmited 
amounts of are o^’allable as Ho'-'O In a studj'' of 
the mechanism of the action of notatm (Bentley & 
Neuberger, 1949) the isotope was required as osg^gen 
gas, an apparatus was devnsed m which quantities 
of the order of 1 6 ml of water may be satisfactorily 
electrolysed and the oxygen collected m a \Ticuum 
system 


each of a roU (1 sq in ) of platmum foil spot-welded via a 
short length of platmum to the tungsten wires A (1 mm 
diam ) sealed mto each arm of the U tube In operation, 
degassed H,**0 (about 1 6 ml) contammg a httle Na^Oj 
Was placed m the U tube, and the apparatus evacuated with 
stopcocks B and C closed. (AH stopcocks were greased with 
Apiezon vacuum grease, grade L ) By cautious mampula 
tion of stopcock B the water was allowed to rise ]ust to the 
barrel Stopcock B was then closed, and approioniately 
200 V cLo apphed to the electrodes, so that the current 
flowmg was about 0 1 amp Hydrogen produced m the 
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experiment Al, 

ap^ratus (Fig 1 ) constructed m pyrex g; 
the rest of the vacuum system The electrodes ^ 


cathode hmb was allowed to escape, or could be collected 
separately dependmg on the position of the 3 way stopcock 
1) The oxygen evolved was collected under the barrel of 
stopcock B, and as the level of water m this hmb dimm 
lahed, stopcock B was cautiously opened so that the oxygen 
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escaped into the vaonum system and the water level was 
restored It was necessary to cool the cell dnrmg electrolysis 
and for this purpose it was wound with heavy gauge copper 
wire, the ends of which dipped mto an ethanol COj bath 
As this coohng was stiU insufficient, the cold ethanol was 
splashed over the cell with a small brush With a current of 
Oil amp , 1 6 ml of '^*0, at u t p were evolved m 6 mm 
When electrolysis was complete, the oxygen was ex 
panded mto the Toepler pump {B) with stopcocks E and F 
opened With stopcock E closed it was then pumped mto 
a previously evacuated apparatus, attached to the vacuum 
hue through the standard jomt O (BIO) With water of 
0 676 atom % excess **0 m the cell (dete rmin ed by equih 
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bration with CO, and carbomc anhydrase as described by 
Bentley, 1948), oxygen gas of 0 679 atom % excess ’*0 was 
obtamed 

SIBBLARY 

An apparatus is described in which quantities of the 
order of 1 6 ml of water may bo electrolysed, and the 
evolved oxygen (or hydrogen) collected in a vacuum 
system 

The author is indebted to JIiss M G French for expen 
mental assistance and to Sir G Dickinson for assistance with 
mass spectrometnc analyses 
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Growth Factors for Corynebactenum Diphthenae 

4 PREPARATION FROM YEAST 

By F W CHATTAWAY, DORIS E DOLBY, D A HALL aot> FRANK C HAPPOLD 
Department of Bwchemtstry, Umverstty of Leeds 

(Reeeived 16 February 1949) 


In an earher paper, Chattaway, Happold & Sandford 
(1944) showed that certam gravis (and mtermedius) 
strains of Corynebactenum diphthenae required an 
umdentified growth factor when cultivated on a 
medium of known composition contammg pimehc, 
mcotimc and pantothemo acids (Mueller, 1937 a, b, 
Evans, Handley & Happold, 1939o, 6) Tlus factor, 
present m liver, was shown to be dialysable and 
resistant to proteolytic enzymes Its properties were 
consistent with the presence m its molecule of both 
acid and basic groups probably m the form of an 
a ammo acid component, smee the activity was 
destroyed by nmhydrm 

The factor appeared to have no direct connexion 
wnth any of the umdentified growth factors for 
LactobaciUus casei, cf Dolby, Happold & Sandford 
(1944), but showed some smularity to strepogenm, 
which was prepared by Woolley (1941) from various 
purified protems, and is required by certam strains of 
Streptococcus haemolyticus The present paper 
reports the separation and concentration from yeast 
of a number of factors simi lar m many resjieots to the 
hver factor of Chattaway et al (1944) 

EXPERIMENTAL 
Method of microbtologuxtl assay 

Organism The stram of C diphthenae used for assessmg 
the potency of preparations was a gravis stram, subtype 
Dundee (Barton) In aU oases the growth was observed 


m 0 X I m test tubes contammg the medium outlmed 
below 

Inocula The stram was mamtamed on Ldffler slopes m 
the refrigerator and subcultures were made on blood agar 
plates A sufficient amount of an 18 hr subculture was m- 
troduced mto 10 ml of sterile water to produce a famt 
turbidity at the surface This suspension was dispersed by 
shakmg and one drop (approx 0 03 ml ) used for inooulation 

Basal medium The basal medium employed, shown m 
Table 1, differed frrom that described by Chattaway et al 
(1944) Certam ammo acids hitherto omitted were mcluded 
m order to brmg its composition more nearly ifito Ime with 
a casern hydrolysate medium on which the organism grows 
profusely In the early expenments it was found that test 
cultures occasionally grew m the basal medium This was 
traced to on impunty m the aspartic acid, which was then 
omitted without alteration m the response of the organism 
to the factor Pimelio acid was also omitted smee the 
organism was provided with preformed biotm. 

Determination of grmoth The organism used grows ex 
olusively os a pelhcle under the conditions of test, a fact 
which enables a visual assay of growth to be made, and 
which precludes all other methods inth the exception of a 
determmation of the N, content of a whole culture This 
latter method was discarded smee an adequate expression of 
growth could be mode m terms of arbitrary degrees of 
pelhcle formation Ten degrees of growth were recognized, 
rangmg from one given a numenoal value of 4, correspond 
mg to a heavy pelhcle over the surface of the medium, 
through 3, 2, 1 6 and 1, at which value the whole surface of 
the medium was covered with a t hin film of growth, down to 
degrees of growth given the numenoal values 0 6, 0 2, 0 1, 
0 05 and 0 02, the last being a just discermble trace Growth 
was determmed after 72 hr moubation at 37° This method 
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Table 1 Basal medium for the growth of Corynebaotenum djphthenae (Dundee) 


(Quantities for 11) 



mg 



Glycme 

100 

Biotm 

1 

DL-Alanme 

400 

p Ammobenzoic acid 

60 

L-Vahne 

700 

Riboflavm 

100 

L-Lencme 

600 

Nicotmio acid 

200 

1,-Isoleucme 

100 

Caloium pantothenate 

100 

1 ,-Prohne 

400 

Pyndoxme 

600 

L-Hydroxyprohne 

Dii-Phenylalanme 

20 

200 

2m sodium lactate (from B D H 

20 ml 

DL-Aspartio acid 

400 

A R lactic acid) 


DL-Glutamio acid hydrochlonde 

2200 

NajHPO, 12HjO 

Ig 

DL-Senne 

200 

KjHPOi 

06g 

L-Tyrosme 

300 

FeSO, 7H,0 

160 pg 

DL-Methionme 

100 

Naa 

9g 

D Arginine 

400 

MgSO, 7H,0 

07g 

n-Histiifrne (base) 

400 

L-Lysme hydrocldonde 

600 

Salts solution 

1 0 ml 

l/-Ttyptophan 

L-Cyatme 

DL-Threomne 

400 

800 

60 

CnSOj 6H,0 0 06 g 

ZnSOi 7H,0 0 04g ■ m 60 ml 
MnCl, 4H,0 0 02 g 

-water 


The medium was adjusted to pH 7 4 and 0 06 mL of 0 6% CaClj/o ml of medium added aseptically after autoolamig 


Table 2 


The activity of yeast fractions as growth promoting substances for Corynebactenum diphtbenae 


Fraction 


Hydrolysate after remoral of HCl (dry iveiaht 
^mg/mi) 

Filtrate fixim nonte 

Fntrate after removal of morganio material 
After removal of lead as phosphate 
Filtrate from phenylhydratone containing some 
phenylhydrazme 

Final extract after purification from phenyl 
hydrazme and acetic acid (dry -weight 170 mg /ml ) 


Concentration of additions (10"® ml /ml medium) 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 




(Activity numbers) 




17 

100 

17 

1 

0 

0 

— 

— 

— 

— 

67 

100 

33 

17 

7 

3 

0 

— 

— 

— 

33 

100 

100 

67 

60 

33 

7 

0 

— 

— 

0 

17 

67 

100 

67 

33 

17 

1 

0 

— 

0 

0 

100 

100 

67 

60 

33 

17 

7 


33 

67 

100 

100 

100 

100 

100 

67 

33 

17 


has proved useful amce several factors are capable of causmg 
variation in the ma ximum growth ohtamed m a test and an 
approximate numencal expression of the results permits the 
"values ohtamed m each senes of tests to be expressed as a 
percentage of the maximnm growth ohtamed at that time 
These values, termed activity numbers, can then be com 
pared m tests earned out at different times 

Preparation of active concentrate, 

Choice of material Frevious work had been earned out on 
hver residues from the preparation of the antipemioious 
anaemia factor (the factory treatment of which "was im 
known to us) , later samples were found to be entirely -with 
out activity presumably due to some alteration m teclmique 
Other sources, therefore, had to he explored Both casern 
hydrolysates and yeast hydrolysates contam sufficient 
factor for growth of the organism, but it -was decided to use 
yeast as large quantities were avadahle 

Fresh brewer’s yeast was usually employed, but one 
sample of dned baker s yeast showed similar aotivuty when 
worked up m the same manner Brewer’s yeast was oh 
tamed within 24 hr of (framing and was not steamed, 
longer periods of standmg resulted m autolysis and loss of 
activity The active matenal is an essential growth factor 
for Strep faccahe R and Lb caeci when these organisms are 
Bioohem 1049, 45 


grown on ammo-acid media Matenal has also been pre- 
pared from human urme which is active for the above stram 
of C diphthenae 

Preparation of active extracts Fresh brewer’s yeast (2 kg ) 
was made mto a slurry with 8 1 of 2ii HCl, boiled rapidly 
for 1 6 hr , filtered, and the residue washed -with 1 1 of 
water PbO was added to the combmed filtrate and -wash 
mgs to bring it to pH 2 8—3 0, the precipitate removed and 
the filtrate and -washings shaken with charcoal (nonte 
200 g /L) for 2 hr , and filtered The nonte was washed with 
water, the -washings added to the filtrate and the pH 
adjusted to 6 6 -with NajPO, m saturated solution- The fil 
trate, after the removal of lead phosphate, -was concen 
trated to about 41 nsmg capiyl alcohol as an antifoam 
agent To remove sugar impunties (mamly mannose) 
hydrated sodium acetate (2 kg) and phenylhydiazine 
hydroohlonde (200 g ) -were added m 4 1 of water, and the 
phenylhydrazones filtered off 18 hr later Most of the 
exeess phenylhydrazme was removed from the filtrate m 
the usual way with benzaldehyde (25 g ), the remamder by 
nme extractions with 1/3 vok of ether Acetic acid w^ 
removed by acidification VTtb HjSO^ to pH 3, followed by 
repeated extraction with ether The solution was then 
frozen repeatedly, and the successive crops of sodium sul- 
phate crystals removed. The solution -was concentrated tn 
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vacuo below 40°, to about 121, treated with otbanol to a 
eonoentration of 40 % (v/\ ), and tbo pH brought to 0 6 with 
baryta The solution (T47) after removal of BaSO^ had a 
dry weight of 170 mg /ml and was active at 1 7 x 10“®/ig / 
ml of medium Table 2 gives the activities of fractions at 
various stages throughout the concentration 


Propertvis of yeast concentrate Y 47 

Analytical figures are shown in Table 3 The preparation 
contamed an appreciable quantity of free ammo acids, and 
also peptides, mdicated bj a positive biuret reaction No 
histidme, tyrosme, argimne, tryptophan or free ammes wore 
present Application of the reaction of Elson iS, Morgan 
(1933) showed the presence of matenal akm to ammo sugars 
but not identical with glucosamine 


Table 3 Analyses of yeast extract Y 4:1 
(Diy weight of T47 =170 mg /ml ) 


Matenal determmed 

Content 

(mg/lOOmg 747) 

Total N (Kjeldahl) 

0 20 

NHjN 

2 33 

a NH, N (nmhydnn) 

0 92 

S 

Nd 

Total P 

0 39 

Inorgamo P 

0 03 

Carbohydrate as glucose 

63 2 

(Hagedom i. Jensen) 
Carbohydrate as glucose 

33 6 


(Somogyi) 


Inactivatton (a) Hydrolysis Prolonged hydrolysis with 
6 n HCl considerably reduced activity Acid hydrolysis did 
not affect the a ammo N value appreciably 

(6) Nvnhydnn Reflunng T’47 with 1/3 saturated 
KHjPOi (20 ml ) and nmhydnn (600 mg ) for 16 mm , 
removal of excess nmhydnn with alanme (226 mg ), re 
fluxing for a farther 16 mm and extraction of the pigments 
produced with CHClj resulted m complete destruction of the 
active matenal 

(c) NUrous and Treatment of 747 (0 8 ml ) with NaNOj 
(300 mg ) and 0 4 n HCl (10 mb) overnight at room tern 
perature resulted m complete loss of activity 

(d) Osazone formation The filtrate after removal of 
phenylhydrazones from I 16 (6 ml ) by treatment m the 
cold with phenylhydrazmo hydrochlonde (0 4 g ) and 
hydrated sodium acetate (2 g ) was boded with glacial acetic 
acid (1 ml ) for 16 mm. This treatment resulted m a partial 
maotivation. 


Identification of the active material of F 47 with a 
number of nmhydnn positive components 

Many of the techniques, examined before the 
above scheme for separation of the active material 
from yeast was perfected, showed defects which 
proved of mterest m the further study of the extract 
Attempts to remove the eonsiderable amoimts of 
sugar present by the use of 80 % ethanol, baryta, 
methanol, pyndme, dialysed iron, calcium chloride 
and beisio lead acetate were all discarded owmg to a 
partition of activity between the two phases, and 
extraction of F 47 with p cresol had a similar effect 


These results might be explamed as the simple 
partition of a smgle factor, or by the presence of 
more than one factor Attempts were therefore 
made to fractionate F 47 to find if the activity was 
associated with one or more of the components 
The complete destruction of activity by treatment 
with nmhydrm suggested that the active com 
ponents were ammo acids or peptides Two- 
dimensional partition cliromatograms of F47 on 
paper, using phenol and colhdme, ahoived the pre 
sence of tweh e nmhydrm positive compounds (see 
Fig 1) Of these, five have been identified, by then 
relative positions and by the similantj’’ of their mdi 
vidunl positions, with aspartic acid, glutamic acid, 
serme, glycme and isoleucmo The remamder winch 
could not be correlated with Imown ammo acids 
have been assigned the symbols, S\,S2,S2,P\,P2, 
P3 and P4 The two spots S2 and iS3 wore very 
weak, apparently mdicatmg a low concentration, 
wliile P 2 was present m high concentration 

Chromatograms obtnmed after In drolysis m On- 
HCl for 18 lir at 120° m a sealed tube showed that 
P 1, P 2, P 3 and P 4 are peptide m nature, smee they 
completely disappeared from the cliromatogram 
Under these conditions the spots, SI, S 2 and S3 
were stable This imphes that they are either free 
ammo acids or acid stable peptides Partial acid 
hydrolysis (0 n-HC 1 for 18 hr at 100°) caused the 
breakdown of P2 and P4, but PI and P3 were not 
destroyed Indeed, the concentration of P 1 and P 3, 
ns mdicated by the mtensity of the cliromatogram 
spots, mcreased, suggestmg the possibfiity that they 
are simpler peptides derived from P2 and P4 
Similar degrees of stabihty were observed after 
hydrolysis with 6 % w/v nmmoma for 18 lir at 100° 
m a sealed tube Separation of these various ammo 
acids and peptides was imdertaken before an m 
vestigation of then nature was attempted 
Separation by lonophoresis The technique of sihca gel 
lonophoresiB devised by Consden, Gordon i Martin (1947) 
for the separation of ammo acids and short-cham peptides 
was apphed to T 47 The gel was made fixim sodium sdicate, 
30ml ofa4Nsolution being brought topH7 4(bromothymol 
blue) with HjPOj , and the whole diluted to 400 ml This was 
poured mto the trough ond allowed to set The cathode 
porfriBote was 0 126 n NaHjPOi and the anode perfusate 
0 34 n Na 3 P 04 m the ratio of 1/7, 6 ml samples of 747 
were mixed with appropriate quantities of sodium sdicate 
solution to moke the fillin g for the gutter The potential 
apphed was generally 120 V , occasionally 00 V , and the 
length of the gel about 60 cm 

The electrode perfusion hqmds were circulated contmu 
ously (of Hall, 1048), and firaotions collected as they passed 
over the anode gel/hqmd mterfaoe After runs varying m 
length fixim 6 to 22 hr the matenal had separated mto six 
distmot bands Tables 4 and 6 give tbe aetivity, composition 
and mobdity of these bands Most of the activity was asso- 
ciated with two bands, 02/1, which moved rapidly towards 
the anode, and 02/4 + 02/6 which oontam matenal remam 
mg in or near the gutter 
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Fig 1 Phenol/collidme chromatograms of r47andit8 partial hydrolysate after heating at 100° in 6> HCl for 18 hr 
The size of the oiroles mdioates approximately the eoncentration of the ninhydnn positive substances, which are 
respectively (1) jSI, (2) aspartic acid, (3) glutamic acid, (4) senne, (6) P3, (6) glycme, (7) PI (8) P2, (9) <S3, 
(10) iS2, (11) isoleuome, (12) P4 


Table 4 Separation of mnhydnn positive components tn Y 47 by xonophoresis 


(Separation in a aihoa gel, pH 7 4, potential 120V ) 



No of 

Distance 
travelled 
m 4 hr 

Breadth 
of band 
after 4 hr 

Composition detennmed bj 

Direction of movement 

component 

(mm ) 

(mm ) 

partition chromatography 

Towards anode 

(72A 

70 

24 

SI 


(72/2 

66 

6 

Glutamic acid 


(72/3 

36 

6 

aspartic acid 

Senne 


(72/4 

16 

141 

PI, P2, Pi glycme 

Towards cathode 

(72/6 

17 

21/ 

and isoleucme 


(72/6 

31 

6 

sz 


Table 6 The activity of six components of T 47 
separated by xonophoresis 

(C 2/4 and 6 also moludes any matenal remammg m the 
gutter ) 


Concentrations 
of additions, 
lO-'ml /mL 
of medium 
(X) 

1 47 

C2/1 

C2/2 

C2/3 

C2/4 

C2/6 

(72/6 

1 

100 

(Activity numbers) 

0 0 0 67 

0 

2 

100 

1 

0 

0 

100 

17 

3 

100 

07 

17 

33 

67 

0 

4 

100 

67 

33 

17 

67 

I 

6 

100 

33 

33 

1 

33 

1 

6 

100 

17 

17 

1 

17 

0 


A similar experiment with a atrepogemn concentrate, 
kindlj supphed by Dr D W Woolley (cf Spnnce A 
WooUev, 1945), showed no ammo acids even after prolonged 


pphoation of the potential except withm a range of a few 
iillimetres of the gutter This is m agreement with other 
bservations that strepogemn, although contammg two of 
he peptides present m r47, does not contam any of the 
omponents moving more slowly m a phenol chromatogram, 
speciaUy S\ (present m (72/1) and the free ammo acids 
Jyome, senne, glutamic and aspartic acids 
Separation by partition chromatography The techmquc 
levised by Dent (1947) for the separation of peptides from 
Mie was used Thirty six spots of about 0 02 ml each of 
r47 were apphed to a paper and chromatographed m 
.henol for 18 hr The total length of the run was 342 mm 
"he two outside traces were removed and developed inth 
unhydrm and the mam sheet cut accordmglv into ten 
ueces Of these, seven were mitiallv judg^ to "U 

he mnhydrm positive matenal present m r47 while tl^e, 
108 3, 6 and 9, represented the larger mterepot spaces The 
ireadths of the bands and their composition as mdicated by 
..nn.ng subsequently m phenol or coUidme are shown m 


38-2 





696 - F W CHATTAWAY, D E DOLBY, 

Table 6 Chromalographtc charactenslrcs of the 
various fractions of Y 47 run in phenol 

Breadth 



Composition as judged by B 

p of centre 

of band 

No 

further chromatography 

of band 

(mm ) 

1 

/SI, aspartic acid, glutamic 
acid, serme 

0 06 

42 

2 

Glutamic acid 

0 16 

19 

3 

— 

— 

16 

4 

Serme 

0 24 

29 

6 

— 

— 

16 

6 

Glycme, PI 

0 40 

37 

7 

Glycme 

0 60 

46 

8 

P2 

0 62 

36 

9 

— 

— 

30 

10 

P4, S2, isoleuome 

0 92 

83 


Each fraction was separately ortraoted mth water and 
tested Most of the activity was observed in fractions nos 1, 
6 and 8, and shght activity m no 10 
The refraotionation of these fiaotions by chromato 
graphy either with phenol or coUidine enabled pure samples 
often of the twelve mnhydrm positive spots to be obtamed, 
but two spots, P3 and S3, were so weak m the original 
chromatogram that they disappeared Neither of these 
spots was associated with any detectable activity The 
activity was confined to <S1, PI, P2 and 82, the latter 
acoountmg for the shght activity of fiaetion 10, from the 
rest of which it could easily be separated by oolhdme 
chromatography 

Table 7 gives the activities of these fractions, none of 
which approaches that of the complete preparation, SI is 
the most active of the components, while of the two pep 
tides, PI IS by far the more active All these fractions are 
required to produce maximum growth 

Table 7 Aelimiy of the unidentified fractions obtained 
from Y 4n by partition chromatography in phenol 
Concentration 
of additions, 

10"“iiiL/ml SI, 

of medium PI, 

ix) T47 SI S2 PI P2 P3 P4 P2 

(Activity numbers) 

1 33 100 — 07 17 3 1 — 

2 67 67 17 60 7 1 0 100 

3 100 33 1 17 1 0 0 100 

4 100 17 0 1 0 0 0 100 

6 100 1 0 0 0 0 0 33 

The effect of ophio n-a-amino-ucid oxidase This enzyme 
system (samples of which were kindly supphed by Dr E A. 
Zeller of Basle), which is apparently without action upon 
peptides, was used to remove unnecessaiy ammo acids from 
r47 before it was appreciated that SI was probably on 
ammo aoid Later expenments with the enzyme confirmed 
this fact Treatment of the mtaot preparation with the 
oxidase appreciably lowered the activity and several of the 
spots observed m ohromatograms disappeared An acid 
hydrolysed sample which retamed partial activity owmg to 
the presence of SI lost allitsremaiiimg activity when treated 
with the enzyme A typical experiment is recorded m 
Table 8 
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Table 8 The effect of ophio-z. a ammo acid oxidase 
on the activity of Y 47 before and after hydrolysis in 
6nHC 1 of 120° /or 18/1 r 


(1 ml (0 2 mg ) enzyme in ji/16 phosphate buffer, 
pH 7 4, was added to 0 1 ml Y47 or 0 1 ml hydrolysate, 
and incubated at 37° for 8 hr ) 


Concentration 
of additions. 


3 47 

747 

747 

hydro 

lysate 

10“*ml /ml 


treated 

acid 

treated 

of medium 


with 

hydro 

with 

(*) 

3 47 

oxidase 

lysate 

oxidase 

1 

100 

(Activity numbers) 
100 33 

17 

3 

07 

67 

33 

1 

6 

60 

7 

17 

1 

7 

1 

1 

1 

0 


Attempted identification of some of the components 

Of the active components m the preparation Y47 only 
P2 was present m largo enough concentration to permit 
the use of the mnltispot chromatographic teclmique SI, 
shghtly contnmmated with serme, aspartic and glutamic 
acids, could bo obtamed by n large scale method usmg a 
rectangular alummium column, 18 m long and J m square 
m cross section, with a removable side This was packed 
with paper pulp, saturated with water/phcnol solution and, 
after the addition of up to 6 ml of solution contammg 1 g 
of sohd, the chromatogram was developed inth phenol run 
slowly through from the top When phenol eontaimng nin 
hydrm positive matenal appeared m the filtrate, the loose 
side was removed and a prmt of the position of the ammo 
aoid bands taken on filter paper and developed with run 
hydnn The desired portions of the column were then 
excised and eluted with water or extracted m a Soxhlet 
apparatus Separation of relatively large quantities of 
ammo acids mto two fractions with high and low Bp values 
respectively was comparatively easy by this method, but 
the bands tended to be rather difiiise owmg to non specific 
flow through the mterstices of the paper column (see 
Table 9) Adequate separation of the faster running com 
ponents was never practicable owmg to this non specific 
flow, but fractions rich m any one component could be 
obtamed 

Table 9 The separation of activity into two gross 

fractions by large scale partition chromatography 

(Activity of both fractions together = 100 at all four 
dilutions ) 


Concentration 
of additions, 

10“®ml /ml 

medium Aqueous Phenol 

{x) extract extract 

(Activity numbers) 

[1 67 67 

2 67 67 

3 7 07 

4 0 33 


Examination of SI SI, running very slowly both m 
phenol and eoUidme (Bfe 0 09 and 0 16 respectively), 
occupies a position close to that of phosphorvlserme (Dent, 



GROWTH FACTORS FOR G DIPHTHEBIAE 


697 


Vol 45 

1948) and phosphorylhydroTylysme (Gordon, 1948) Smoe 
Benne is present in r47, and 8 2, irhich has ahght activity, 
gives a spot close to that of hydroxylysme, it seemed 
possible that 8 1 might he one or other of the two phosphoryl 
denvatives Estimation of the morgamo P content of S 1 
before and after treatment with alkahne phosphatase 
showed that the material contamed orgamc P, hut no 
change occurred m the mtensities of the spot for SI, or m 
the activity of the preparation, nor did any more spots 
appear 

Examinaiion of PZ P2, the only other component yet 
ohtamed pure m sufficient amount, was hydrolysed by 
On HCl at 120° for 18 hr and shown to consist of a poly 
peptide containing serme, glycme and glutamic acid, whde 
PI was shown to be a partial hydrolysis product of this 
polypeptide 

Comparison of Y 47 components 
with strepogenin 

Eiamination of the strepogemn concentrate by means of 
a one dunensional phenol chromatogram showed that it con 
tamed only three nmhydrm positive materials (owing to the 
small amount availahle no two dimensional chromatograms 
were made) Two of the spots were close to PI and P2, 
while the third ran shghtly faster than the complex con 
ta min g P4, iS2, 53 and isoleucme Table 10 shows the 
activity of strepogemn compared with 748 Direct com 
panson with the figures given m Table 7 for the peptides 
concerned is not possible, smoe durmg extraction of the 
peptides fiom the chromatograms changes occur m the salt 
concentration, and diy weight detemunations are of no 
significance 

Table 10 Comparison of the activity of Y 47 and 
strepogemnin the growth of Corynebactenum diph 
tbenae 


Additions 



to medium, 
10~“mg /ml 



(=c) 

Strepogemn 

I 47 


(Activity numbers) 

2 

100 

100 

3 

60 

100 

4 

17 

100 

6 

0 1 

100 


Preliminary examination of 
synthetic peptides 

The followmg dipeptides showed considerable activity at 
the concentrations (pg /ml ) mdioated glutamylglntamio 
acid (0 01), glutamylglycine (0 03), glycylglutanuo acid 
(0 1), leuoylglutamio aoid and ^ntamylalanme (from 
6 to 10), alanylglutamio acid appeared to be muotive 


DISCUSSION 

Several unidentified factors present in yeast extract 
or partial hydrolysates of protem have recently been 
described which appear to have aome properties in 
common wutli the preparations described m this 
paper, the most notable bemg a factor required by 
certain strams of Strep lactis (Smith, 1943), the 


‘aporogenes vitarmn’ of Peterson & Shull (1948), the 
factors required for maxunum production of toxin by 
Clostridium tetani (Mueller & Miller, 1948) and 
strepogemn (Woolley, 1941) Peterson & ShuU con- 
cluded from comparative assays of the two materials, 
usmg Cl sporogenes and Lh casei as test organisms, 
that their material and strepogemn were distmct 
Smee these two materials, and the yeast preparation 
described m tins paper, contam a number of actn e 
components it is probable that they have one or more 
components m common, this is so for strepogenm 
and Y 47 The potency of a given preparation for a 
given organism may also depend upon the relative 
concentrations of the different components 

The preparation of a concentrate from yeast 
extract havmg considerable activity for the growth 
of a gravis stram of G diphthenae, type Dundee, has 
shown among other thmgs the difference between 
this fraction and one, with similar physiological 
properties, obtamed from hver The active material 
from hver, after such mild punflcation as extraction 
with ethanol and ether, and the removal of some 
material on fuller’s earth, was higlily adsorbed on 
charcoal (norite) at pH 3 Crude yeast extracts, 
however, could be treated with nonte without any 
significant loss m activity , and although some degree 
of adsoiption from the final concentrate occurred, it 
was never complete The concentrates, of which Y 47 
IS the most active so far obtamed, are stdl mixtures 
of a variety of components, the activity bemg asso 
ciated with two fractions (PI and P2) which are 
probably peptide m nature and one (SI) which is 
stable to acid hydrolysis The failure to extract or 
adsorb only the active material from Y 47 compelled 
us to identify the components of the mixture and 
then separate these m turn 

Woolley (1946) has claimed that serylglycyl- 
glutamio acid has strepogenm activity of low order 
and that consequently it is either a portion of a more 
complex compound present m strepogenm con 
centrates, or is similar to, but not identical with, the 
active material One of the peptides (P2), common 
to both the strepogenm concentrate and F47, 
hberates serme, glycme and glutamic acid on hydro- 
lysis It IS uncertam whether the ammo acids are 
jomed m the order mentioned above, but the more 
stable peptide P I, formed by partial hj drolysis of 
the tripeptide, occupies the position on a chromato 
gram assigned to serylglycme or glutomme by Dent 
(1947), the latter, however, can be excluded on the 
grounds of stabihty It is, therefore, probable that 
serylglycylglutamic acid has some effect on C 
diphthenae metabolism, but until P 2 is obtamed m 
larger amounts, and compared with a smthetic 
specunen of the tnpeptide, it is unpossiblo to be 
eertam 

A number of sjmthetic glutamic acid peptides hax e 
been tested for actinty, some of wluch mduced 
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growth in our cultures of O diphthenae The degree 
of activity was m no instance as great ns that oh 
served either with Y 47 or with the more active of its 
constituent factors Tliere is, of course, the possi 
bdity that other material having marked activity is 
present m these synthetic peptides at concentrations 
too low for chromatograpluc identification The 
peptides P 1 and P 2, however, do not make up the 
whole of the activity for (7 diphtlienae Pl.theslov- 
movmg stable material, is destroyed by the action of 
ophio L a ammo acid oxidase and hence is pre 
sumably an ammo acid On the other hand, smce 
accordmg to ZeUer & llantz (1944,1946) the presence 
of OH and COOH groups m ammo acids prevents 
attack by the oxidase, the position of ,S 1 on chro 
matograms cannot be taken as mdicatmg that it is 
a polycarboxyho or polyhydroxy ammo acid Smce 
t his position 18 not altered after treatment with 
phosphatase, although morgamc phosphorus is pro 
duced, one must assume that the phosphate is 
hberated from some component givmg no ninhydrm 
colour The major part of the active material of T 47 
appears to be of a peptide or ammo acid nature, but 
there is some evidence for the existence of other 
active components as shown by the partial mactiva 
tion on osazone formation 


sraniAiiy 

1 The preparation is described of a concentrate 
from brewer’s yeast wluch contains essential growth 
factors for certam strams of Corynebaclcrium diph- 
ihenac gravis 

2 The nativity of the w hole preparation is nsso 
ciated with four of the tv elve nmhydnn positive 
components 

3 Most of the activity is associated with an ammo 
acid, S 1, and a peptide, P 1, while a second ammo 
acid, S2, and another peptide, P2, ha-ve slight 
activity 

4 The peptide P2 consists of serme, glycmo and 
glutamic acid 

6 A number of synthetic glutamic acid peptides 
also have activity ns groviih factors for G diph- 
thenae 

Wo insh to aoknovledgo tho co operation of Dr !1L 
McMillnn, in the early stages of this work, and to thank 
Messrs Joshua Tetley and Son Ltd for supphes of, yeast, 
Messrs Eooho Products Ltd for gifts of matcnal and the 
Medical Research Couned for a grant during tho course of 
the work, and also to acknowledge tho gift of a number 
of synthotie jioptides from Dr E Consden of tho Wool 
Industries Research Assooiation 
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A New Manometric Method for Determination 
of Respiratory Quotients 


By H laser Ann Lobd ROTHSCHILD 
MoUeno InsMute and DepaHment of Zoology, University of Cambridge 


{Becetved 3 January 1949) 


Manometnc detennmations of the respiratory 
quotient (b q ) require measurements of o^gen up- 
take, carbon dioxide production and, m the case of 
glycolysmg cells, changes m the bicarbonate con- 
centration of the medium Several methods, due to 
Dickens & Simer (1930. 1931), Dixon & Keihn (1933), 
and Sumerson (1939), are available Two identical. 


or practically identical, samples of the biological 
material are needed when these methods are used 
The mitial bicarbonate concentration is obtained by 
acidifymg and kdlmg one sample at the be ginnin g of 
the experiment, while the change m bicarbonate 
concentration is determmed by acidifymg the other 
sample at the end of the experiment Intermediate 
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values for the rate of oxygen uptake, carbon dioxide 
production and for the change m bicarbonate con- 
centration during the expemnent cannotbe obtained 
The B Q can therefore only be measured dunng one 
experimental period Consequently, changes in b Q 
with time or with variations m the environmental 
conditions during the experiment cannotbe observed 
Such changes may be determined by iismg an 
adaptation of Warburg’s mdireot method (Laser & 
Rothschild, 1939), but this method is cumbersome 
when multiple determinations are mvolved 

A new apparatus with which changes m B Q can 
be measured on a smgle sample is described m this 
paper 

PRINCIPLE 

The prmciple mvolves the eamphng of known 
amounts of gas and hqmd from a reaction vessel 
One pair of samples is smultaneously removed from 
this vessel and connected with subsidiary mano 
meters, m which their contents of gaseous COj, and 
bicarbonate are mdependently detemuned After 
the mitial determination at zero tune (to), this pro 
cedure is repeated three tunes, the reaction m the 
mam vessel contmumg undisturbed In this way 
changes m total COj evolved and bicarbonate con- 
centration of the medium are deter min ed durmg 
three experimental periods The correspondmg 
changes ocoumng m the mam vessel durmg the tune 
between the taking of samples can be calculated 
from these data and finm the readmgs of the mano 
meter connected to the mam vessel As each of these 
readmgs registers the algebraic sum of the O j uptake 
and total CO, production, the oxygen consumption 
durmg each period can be calculated and the b q 
detemuned In the case of cell suspensions, durmg 
each experimental period the quantity of biological 
matenal m the mam vessel is diminished by the 
amount taken out with each previous sample of the 
medium This is taken mto consideration in the 
equations which correlate the observed pressure 
changes with the amount of metabohzmg matenal 
mvolved at each step If tissue shoes or whole 
organisms are used, the quantity ofbiologicalmatenal 
remains unaltered throughout the experiment 

DESCRIPTION OF APPARATUS 

Two versions of the apparatus (A and B) have been 
designed, differmg m detail but employmg the same 
prmciple 

Apparatus A The reaction vessel is rectangular 
(Fig 1, A) It IS connected to a differential mono 
meter which has a compensatmg \'essel (Fig 1, B) of 
about the same volume os the mam vessel The jomt 
connectmg the mam vessel with its manometer is 
raised abo\o the centre of the vessel, enabhng the 
insertion of a tumnble gas outlet (Fig 1 , O), and of 


a Kedm tube (Fig 1, D), which is hung on a short 
length of platmum wire fused mto the inner end of 
the gas outlet tube The Kedm tube can be dislodged 
mto the mam vessel at any tune durmg the expen - 
ment by rotatmg the gas outlet tube The mam 
vessel IS provided at both ends with samphng devices, 
on which the prmciple of the method is based Both 
ends are identical, and only one will be descnbed m 
detail It consists of a large tap, the samphng tap 
(Pig 2, O), which IB jomed to the mam vessel m such 
a way that ite key (Pig 2, D) forms the vertical side 
of the vessel The key contams four mvagmations, 
the samphng cups, which are m oommumcation with 
the mam vessel In the apparatus shown m Fig 2 
the cups are m two rows vertically above each other, 
and at such a height that the lower ones (Fig 2, 
C 0 and c,) are below the level of the hqmd They are 
therefore completely filled with the flmd medium, 
while the upper ones (Fig 2, c, and c,) contam the 
gas m the mam vessel The key is hoUow, its lower 
end and one side of the handle are cut open and 
therefore filled with water from the bath, to obtam 
satisfactory temperature equihbration and to 
ehmmate buoyancy 

The samphng tap (Fig 2, C) has an upper and 
a lower outlet tube (Fig 2, JS and F) at the levels of 
the samphng cups These outlet tubes lead to jomts 
(Fig 3, D) through which each is connected with 
a subsidiary differential manometer havmg its own 
compensatmg vessel (Fig 1, (?) The complete 
apparatus therefore consists of five differential 
manometers, i e the mam manometer and two sub 
Bidiary ones on each side The U tube of the mam 
manometer is m the centre, while the two subsidiary 
manometers on each side are so arranged that one 
hes mside the other Each samphng key is provided 
with mdicator knobs (Fig 2, (?) correspondmg to the 
positions of the samplmg cups By rotatmg the key 
outwards from the position m which all its cups 
commumcate with the mam vessel, one pair of 
samphng cups can be brought mto commumcation 
wnth the correspondmg outlet tubes (Fig 4) 
Together with the outlet tube, each samphng cup 
then becomes the experimental vessel of a differential 
manometer, m one of which the CO, content of the 
gas sample is measured, and m the other, the 
bicarbonate content of the flmd 

Determinatxon of the gaseous carbon, dioxide The 
upper outlet tube contams near its lower end a roll 
of filter paper (Fig 2, H) soaked with KOH which 
absorbs all the CO. m the gas sample The change of 
readmg m the appropriate manometer determmes 
the amount of CO, absorbed A second roll of filter 
paper is inserted m the same outlet tube a httle 
higher up (Fig 2, I) This is wotted with water to 
adjust the water vapour tension m the subsidiarj 
manometer to that of the mam \ esscl This pre\ ents 
the development of pressure changes, not due to 
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Fig 1 Rear view of assembled apparatus (Type A) A, mam reaction vessel, 5, mam compensating vessel, (7, tumable gas 
outlet, D, Kedm tube, E, upper outlet tube (for CO, determmation of gaseous sample), F, lower outlet tube (for 
bicarbonate CO, determmation of liquid sample), O, compensatmg vessels of subsidiary manometers, H, left 
subsidiary manometer (for determmation of gaseous CO,), I, left subsidiary manometer (for determmation of 
bicarbonate CO,), J, manometer board, K, rubber Imed clamp (partly cut away) for holding mam vessel, L, stand, 
if manometer tap Length of centre manometer, base to tap, 276 mm 
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COj, ■when, the gas sample from the mam vessel 
(■wluoh IS saturat^ vrith ■water vapour) is connected 
■with the manometer contaimng KOH 

Determination of bicarbonate content of the liquid 
sample The lo'wer outlet tube contains knoim 
amounte of mercury (Fig 2, J) and sm orgamo acid 
(Fig 2,K) Whenthehqmd samphng cup is connected 
•with this outlet tube, the mercury floivs mto the 


being Bupeamnposed on the eristing readings m each 
manometer I^om these readings the gaseous COj 
and bicarbonate contents of the second pair of 
samples can be calculated The changes m free COj 
and bicarbonate concentration durmg the mterval 
between takmg the first and second samples can be 
calculated if the volumes of the samphng cups are 
known and, m the case of the gaseous samples, the 



Fig 2 Section of mam vessel and Bamphng tap (Type A) A, Mam reaction vessel, 5, liquid (shown m black) C, am 
of samphng tap, D, key of samplmg tap, E, upper outlet tube, F, lower outlet tube, 0, indicator knobs, , er 
paper for KOH, I, filter paper for ■water, J, mercury, K, orgamo acid, L, platmum coil, Co, Co, Cj, Cj samplmg cups 


samphng cup and displaces some or all of its contents 
which ore mixed ivith the acid The amoupt of CO. 
expelled from the bicarbonate m the sample fluid 
can be calculated fiMm the change m the readmg of 
the appropriate manometer 

After an mtennl for CO^ absorption and CO. 
e'vpulsion the sampling key is turned a second time 
The first pair of samplmg cups are thereby removed 
from tbeir manometers and the next pair connected 
with them As neither the KOH m the upper outlet 
tube nor the acid m the lower one are exhausted, CO j 
absorption and expulsion are repeated, now pressures 


pressure m the mam manometer at the time of 
samphng As each samplmg key contains two paus 
of cups, four consecutive samples can be taken In 
practice the samphng keys are turned alternately, 
the left one at times to and t., and the right one at 
ti and tj 

A-pparatus D Tins differs m one detail from 
apparatus A the samplmg cups are situated behmd 
each other instead of ne^xt to each other Tins is 
made possible by the mtroduction of two concentnc 
kays m each samphng tap, the outer one formmg 
a sleexe round the inner key Fig 3 shows the left 
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sampling tap The inner key contains two mvagma 
tions, samplmg cups Cg, Cg and the outer keys two 
apertures constitutmg the samplmg cups Cj , Cj At 
zero time the keys are m such a position that aU 
eamphng cups commumcate with the mam vessel 
The lower mvagmations (m the inner key) and the 
lower apertures (m the outer key) are then completely 
filled with hqmd while the correspondmg upper 


APPLICATION 

Techmcalapphcationandsensiiivilyoftheapparaius 
The apparatus is not a microrespirometer and is 
therefore unsmtable for measurmg small metabohc 
changes of the order of a few fil /hr Such changes 
are too small to give significant differences m the 
samples Changes of about 200-300 /xl /hr can be 



Fig 3 Section of mam vessel and sampling tap (Type B) A, mam reaction vessel, outer key of samplmg tap, 
C, inner key of sampling tap, D, jomts of outlet tubes for msertion of subsidiary manometers, E, upper outlet tube, 
F, lower outlet tube, 0, widened portion of lower outlet tube, to provide large surface for COj expulsion from 
bicarbonate, H, jomt m lower outlet tube for insertion of 1 or J , I, stopper (when worked with hqmds of low 
bicarbonate content) , J, extension (when worked with liquids of high bicarbonate content) , cg and c^, mvagmations 
m inner key, Cj and ci, apertures m outer key, to and to', apertures m outer key for connectmg mvagmations m 
inner key With the outlet tubes Length of key, 96 mm 


mvagmations and apertures contam the gas m the 
mam vessel The outer key also has two apertures 
opposite the lower and upper outlet tubes (Fig 3, 
w and in') through which the mner samplmg cups 
commumcate with the outlet tubes when the inner 
key is turned By turning first the inner and later 
the outer key (Fig 6), the mner and the outer 
samplmg cups are successively connected with them 
corresponding outlet tubes Here too the samplmg 
IS done alternately left and right 


measured at 16-30 mm mtervals These changes are 
large enough to be detected with accuracy m the 
samples, because the constants of the subsidiary 
manometers are small (about 0 6 for the CO 3 - 
absorption manometer and 0 76 for the bicarbonate- 
COa manometer with paraffin as the manometer 
fimd, and 0 66 and 1 0 with Brodie solution) The 
sensitivity can be mcreased by reduemg the volume 
of the mam vessel Tlie size of the samplmg cups 
partly determines the sensitivity of the apparatus. 





Vol 45 

as the volume of the cup is directly proportional to 
the magmtude of the change winch can be measured 
\\ ith this m view , the gas sampling cups were made 
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to register small changes, are also large enough to 
hold the maximal pressures which can occur with 
6 % COj m the gas space On the other hand, the 
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IZ r PO-tion finm 1 

1 j position from Ij-constant preasuro m b 'ry,„ 

.ppto. 
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Fig 5 Schematic cross section of left side of mam vessel 
(Type B) illustrating the sampling procedure dunng the 
course of an experiment J, barrel of sampling tap 
B, outer key, C, inner key, F, lower outlet tube, L, liquid 
in mam reaction vessel c^, hqmd samplmg cup m inner 
key, c^, hqmd sampling cup in outer kev, le aperture in 
outer key The arrows inside the keys indicate the dircetioa 
and sequence m which the ke>a are turned (a) position 
durmg temperature cqmhbration , (i) position from /„-/) 
(d) position from 1,-t, Positions (c) and (e) ("cv Fig 4) 
illustratmg samplmg on the nght side are omitted 


bicarbonate CO. manometers arc not able to 
register more than about 200-300 pi CO. according 
to tlie length of the manometer capillary This is 
amplewhenliqindsoflowbicarbonate concentration, 
such as sea water, are used For work -with Ringer- 
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bicarbonate (about 660 /J COj/ml ) and a bquid- 
sampbng cup of 1 ml , the manometer would be too 
small This diffi culty can be overcome by decreasmg 
the amount of hqmd sampled (smaller cups m the 
key), or by mcreasmg the manometer constant 
There are hmitations to decreasmg the amount of 
sampled Bmger bicarbonate solution, because it is 
not the absolute bicarbonate content but its change 
which has to be determined The constant can be 
mcreased by usmg a manometer flmd with high 
density and/or by mcreasmg the volume of the sub 
sidiary manometer For tliis purpose an extension 
can be fixed on the lower outlet tube (Fig 3, J) The 
manometer fimd can also be levelled after the first 
bicarbonate COj determmation In that case the 
manometer only needs to register the pressure of one 
sample at a tune The minimum mterval between 
samphng depends on the magmtude of metabolism 
and on the tune taken for the expulsion of the 
bicarbonate COj from the acidified hqmd sample 
Even with high bicarbonate concentrations, tins was 
found to be complete m about 16 mm As the samples 
are taken from alternate sides, the effective mterval 
can be reduced throughout the experiment to about 
7 6 min /period The mterval between samplmg at 
<0 and <1 can be still further reduced if the mterval 
between and is correspondmgly prolonged 

Biological application The apparatus is applicable 
to the whole range of biological material which has 
so far been used m macromanometno work In 
addition, it enables the study of many types of 
material for which manometric methods have been 
less smtable for the followmg reasons (1) the 
absence of COj m experiments with KOH mterferes 
with their normal metabolism, (2) experiments m 
the presence of COj usmg one of the existmg methods 
are impossible, as it is not always easy to kdl one 
sample at the beginning of the experiment, 
alternatively, two identical samples of the material 
cannot be obtamed This group moludes plants, 
mseots and their larvae, worms, small whole organs 
or muscle which could be stimulated in situ Tlie 
apparatus can also be adapted for the simultaneous 
dete rmin ation of O5 uptake, COj production, and 
Nj fixation by absorbmg COj m one and CO, and O, 
m tbe other outlet tube 

Metabolism without glycolysis Many tissues and 
ceUs show no aerobic acid production In such cases 
the four lower samphng cups are unnecessary The 
apparatus can therefore be used without the sub- 
sidiary manometers for the determmation of bi 
carbonate CO,, or a simplified apparatus can be 
made havmg only two subsidiary manometers for 
the determmation of the gaseous CO, 

THEORY OF THE METHOD 

Nomenclature All symbols referrmg to the mam 
manometer are expressed m capital letters and those 


referrmg to the subsidiary manometers m lower case 
letters They have the suffixes 0, 1, 2 and 3 Some 
of the constants have the additional suffixes 0, or 
CO, In the case of the mam manometer the sufiixes 
refer to the tune at which the readmgs are taken The 
amounts of gas (Fq) and of flmd (Vj.) m the mam 
vessel and the constants change at each time of 
samphng If F represents the total volume of the 
mam vessel mcludmg the eight samplmg cups, and 
if Va^ and and T'^^, etc represent the gas and 

flmd volumes at t , ete , then H, is the readmg on 
the mam manometer at and If, 0, fhe O, constant 
applicable for the second tune mterval (li-t^ based 
on Vg and 

The gas samplmg cups are called Cq and c, on the 
loft side and on the right side c, and c, , the appro 
priate manometer readmgs bemg hg and /i, (left) and 
A, and A, (right) Tho correspondmg hqmd samphng 
cups and readmgs are mdexed with a superscript ' 
Thus the hqmd samphng cups are called cj and c^ 
(loft), c^ and c^ (nght) and the readmgs hg and A, (left) 
and Aj and A, (nght) Tlie volumes and constants of 
the subsidiary manometers also change at each time 
of samplmg accordmg to the volume of the samphng 
cup with which they become connected As all the 
gaseous CO, wluch is sampled and measured m the 
subsidiary manometers is absorbed by KOH, the 
constants apphcable m this case are those con 
vertmg the pressure produced by a free gas and do 
not mclude the solubdity factor 0^0, They are 
called hg, A, , A, and A, The constants used for the 
determmation of bicarbonate CO, contam tho factor 
cc^ and are called A, co_i ^ co, > ^21303 ^md A, qq 
T he suffixes m the subsidiary manometers refer to 
tlie tune of samplmg Thus A, and A^ co, refer to the 
readmg and the CO, constant of the subsidary 
manometer with respect to the hqmd removed at 
/,, but read at a oonvement time durmg the experi- 
ment when the CO, expulsion firom bicarbonate is 
complete 

In determining the gaseous CO, only the free CO, 
m the mam vessel at the tune of samplmgis measured 
This does not mclude the CO, which has gone mto 
solution m the flmd m the mam vessel The fi'ee CO, 
has therefore to be converted mto total CO, by 
multiphcation at each step with the appropriate 


factor 




a:, 


^1 


or 


I CO, 






K, 


where K, 


K, CO, and ATs 00 £*'r® fhe CO, constants and K, 
and K, are the correspondmg constants fi:om which 
the factor Vp has been omitted Table 1 then 
apphes to the readmgs, volumes and constants of tho 
apparatus 

Determination of gaseous carbon dioxide Suppose 
that the gas m the mam vessel contains no CO, and 
that at tg the mam manometer sliows no pressure 
difference Conneotmg the samplmg cup c, with its 
subsidiary manometer wiU then produce no pressure 
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Table 1 Relatums hetxoeen constants of the apparatus 
A Mam manometer 


Constants 



Change m 




, — 

A ^ 

Tune (t) Readmg 

reading 

Gas volume 

Liquid volume 

K 

Aq, A(;o_ 

0 Ao 

— 




A„ 



1 A, 

Ai-Ao=AAi 




Ai 

Ai 0, A, coj 

2 A, 

A,-Ai=AA, 

^0 ~ (fr)+Cl)=^2 

Tpo “(V + 'hO 


A, 

A, 0, A, CO, 

3 A, 

A,-A,=AA, 

^0 - (frl + ®1 + 'll) 

Ipo ~ i^' + ‘h.'+ — Ip, 

A, 

A, 0, A, CO, 



B SubsiAaiy manometer 




Sampled 

SubsiAary 



Mano* 



tune 

mano 

Outlet 

Samphng 

meter 



(<) 

meter 

tube 

cup 

readmg 


Constant 

0 

1 

<ul* 

fr) 

ho 


ko 

0 

2 

hi 

fr' 

ho' 


h “ CO3 

1 

3 

^urt 

Cl 

hi 


ki 

1 

4 

hr 

Cl' 

hi' 


^ 1 CO, 

2 

1 


c. 

hi 


/. 

2 

2 

hi 

C,' 

hi' 


Is CO, 

3 

3 

iur 

Cj 

hi 



3 

4 

hr 

Cj' 

V 


^ S CO2 


l=outlet tube (Tigs 2 and 3, E and F), ttZ=uppar left, «r=npper nght, /I=loiverleft, Zr=lowerngbt 


* In apparatus B this becomes t„| +toi 


t In apparatus B this becomes l^,. +ic. 


change m. that manometer On the other hand, if at 
<0 a pressure exists m the mam manometer, the 
introduction of the gas volume contained m Cg mto 
the subsidiary manometer mU produce a pressure 
difference depending on the pressure at which the gas 
IS mtroduced and on the constant of the subsidiary 
manometer The change of readmg m the subsidiary 
manometer will be 


— Ho 


-gpCo 


iStmilarly, on sampling gas at t^,tj and t,, the folio wmg 
changes of pressure m the subsidiary manometers 
will be produced, depending on the pressure m the 
mam vessel at these times 


(j= 1,2 or 3). 

Theoretically the A equations need two corrections to 
account for the solubility of gases other than CO* in the 
liquid contained in the subsidiary manometer, and the 
changes in this factor with variations m the relative amounts 
of these gases due to the Oj uptake during the experiment 
Both correction factors are small ns the amount of hquid in 
the subsidiary manometer is small (0 4ml ) and the gases 
roncoraed, mainly Oj , Nj , CO and H, , have a low solubihty 
^ differs from Lq q , etc only by 0 001 Apart from 
nA factor, it can safely be omitted as the 

Oj changes are calculated os differences and are unaffected 
b^ the omission of the same correction factor m aU four 
dctcnnmationa However, because of the venations m the 
ratios of these gases during tbo experiment, this factor alters 
verj slightly dunng the expenment The A values calculated 
l^roiu the above equations differ by less than 0 1 mm from 
the theoretical figure for an 0, uptake of 600/A m the mam 
v^cl Both factors can therefore bo omitted without 
attceting the accuracy of tho result 


If the sampled gas contains CO^ , the A values hav o 
to be subtracted from the correspondmg readmgs to 
evaluate the amount of COj present If *0 oo, 
amount of CO, present in Cj, 


or 


®o coj~(^o“Ao) Io> 

Ro£o 


Co oo,-^oi^o-Ho Y 
* a. 


In this equation the term contamed m Ao, 
cancels out Similarly, the terms k^, Ij and I 3 
contamed m Aj , A, and Aj , cancel out m the subse 
quent equations for Xj , x, and Xj (.qj wluch 
mil contam the factors 


Thus 


(^ = 1 , 2or3) 

* 0 / 

^1 CO, — "i^i “1 77 
‘ n. 


The absorption of CO* by KOH produces a 
negative reading in the subsidiary manometer To 
conform with the usual sign conventions the 
equations for coj co* conv erted mto 


- — FT — 

^oco, — ^0 y 
• n. 




( 1 ) 


CO (2) 

'oi 

Xj CO represents the total amount of CO. m c, 
which mcludes the amount of CO. present in c, at t^ 
Tlierefore the change of CO. m between t^ and fr is 


Ax, CO, — ^1 CO, ^0 CO, 


(3) 
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On connecting Cj with its subsidiary manometer a 
new pressure is superimposed on the existmg 
readmg This does not remam as an unaltered 
fraction of the new readmg h^, because part of the 
system m which the pressure has previously been 
produced, i e Cq , has been removed The fraction of 
hg mcluded m is* 

^0^0 t 


Similarly, on determining ajjjco,* contam a 

fraction of the previous readmg /ij, this fraction 
bemgt 

<ur + Ci 


These factors have to be subtracted from Aj and A, 
for the evaluation of iCj qq and Xg co, 


•'2 COj 


*'2 OOj 


•oj L ^Ul + Cflj 

_ t7 -^2^2 , ^otul T. T 

— -“2 ~ «2^a> 

•O. ^ul + Cfl 


(4) 


A*2 OOt — 00. ~ ^ OOj . » 

_ 7T , t ^lAr t T 

®3!co, — -“s — ^"i ; T"! A3A3, 

’ Va, fur + Cl 


A®3 CO| — ^3 COj — ®3 COj ■ 


( 6 ) 

(6) 

(7) 


The A-values for COj so far obtamed, (3), (6), (7), 
are those occurrmg m from to <1 , m Cj from to 
, and m Cj from i j to <3 These have to be converted 
mto the correspondmg changes/ml of suspension, if 
cell suspensions are used (the amount of which 
changes with each tune of samphng) or changes/mg 
of weight or dry weight, if material such as tissue 
shoes or whole organisms are used (the amount of 
which remains constant throughout the experi- 
ment) The latter equations are suffixed a Thus 


AA'co^ml ceU suspension 

= (j= 1,2 or 3), 

(8). (9), (10) 

AZoo,/umt weight 

= (^ = 1,2 or 3) 

•vft Cj Kj 

(80), (9o), (10a) 


* In apparatus B this expression becomes 
Aq Aq 

Ai fui+v’i+Co 

t In apparatus B this expression becomes 
Ai Ai fur 

*a fur+V’r+Ci 
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Determination of bicarbonate carbon dioxnde 
Equations 11-14 express the bicarbonate con- 
centrations as /J CO^/ml flmd They are calculated 
for the case m wluch the amount of mercury mtro 
duced mto the subsidiary manometers on each side 
(Fig 2, J) IS greater than the volume of flmd with 
which the mercury changes place on samphng at tg 
and at In this case the total volume of flmd m 
Cg and c' is forced up mto the lower outlet tubes of the 
samphng taps and remains there durmg the detenm 
nation for the samples from and C3 This facflitates 
the calculation of x^ 2 , and Xg g 


'^0 COj 

f 

(11) 

Co 


AqAi CO. 

t 

(12) 



^2^2 COj^^^O^OCOj 

9 

(13) 

Co 


bgkg CO. — AiAi QO, 

(14) 

/ 


The change m bicarbonate concentration corresponds 
to acid production or glycolj'sis {Xg) 

AXglml cell suspension 


AXj o = £1 

(16) 

AXg o=Xi — g, 

(16) 

^Xg g=Xg g~Xg g. 

(17) 

AXp/umt weight 

Vr. 

^^1 0“"., (^0 b)» 

vrt 

(16a) 

Tr. 

^^2 0 — *^ ( 2^1 £“2^2 .b)> 

Wt 

(10a) 

K 

0— (2^2 5) 

Wt 

(17a) 


Respiratory carbon dtosndc Tlie respiratory COj 
(resp CO5) IB obtamed by deductmg the glycolytic 
CO3 from the total CO2 for each period, thus 
AXp^yml ceU suspension or per umt weight 

XXY^^ = AXj QQ^—Xj Q (y=l, 2 or 3) 

(18), (19), (20), (I80), (19a), (20o) 

Determination of oxygen uptake The Oj uptake is 
calculated from the readmgs of the mam manometer 
The foUowmg equations apply 


AXoj/ml ceU suspension 

AHj AXj o, AXi COj 

7^1 TfiiOj Kj ooj 

whence 

7^1 o. 


A -c- r ooi 

^lOg- -y ^ 

L 00. J 


(;=1, 2or3) 
(21), (22), (23) 
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AXoj/umt weight 


AHi 

Oa 

AXj ooj 

wt 

•^1 0. 

•^1 cOa 

whence 



AT. ~ 

rAR, 

COa”! 

Oj — 

L wt 

Ay CO. J 


I21a), (22o). (23o) 


The respiratory quotient is given by the ratios m 
Table 2 


Table 2 Oalculation of respiratory quotients 
(The nainbera refer to equation nnmbera ) 

B Q ivith 




Cell 


Tissue shcea. 

or 

t 


BuspenBioiifl 


whole organism 

0-1 


18/21 


18a/21a 


1-2 


19/22 


19 a/22 o 


2-3 


20/23 


20 a/23 a 


Table 3 

Symbols to be introduced into 




equations 1-23 




Intro 



Intro 

Symbol Equation duced for 

Symbol Equation duced for 

A 

1 

Eao 

O 

11 

^ 0 oOf 

Co' 

B 

2 

AiCi 

P 

12 

^'l OOl 

Ct' 

C 

i 

•EjCt 

0 

13 

^ 1 OOl 

D 

6 

AiCj 

n 

13 

^ 0 OOg 






c.' 

E, 

4 

ho^ut 

s 

14 

^ 3 OOt 



^uI+Cq 


Cj' 

Er 

6 


T 

14 

h 1 OOl 



lur+®I 


Cj' 

p 

3 

h 

U 

21 

El oj 



Co 

21o 

Eri 

G 

6 

E» 

V 

21 

El oi 



Cl 


Ei-coj 

H 

7 


w 

22 

Ej oi 



Cl 



I 

8 

coi 

X 

22 



DjCjAj 

22 a 

El OOl 

J 

9 

^1 El cot 

E,,c,E. 

Y 

23 

El oi 

Era 

K 

10 

^lEiicoi 

2 

23 

■^3 Ol 





23a 

Ej CO, 


L 8a co« 


M 9a coi 

CjK, 

10a £2.« 

c,A, 


Simpltficatumofcalculations Tbeequationscontam 
a number of factors which are constant for a given 
set of experimental conditions at agiven temperature 
These factors can be calculated and expressed by 
symbols (Table 2), the mtroduction of which 
facditates subsequent calculation The equations can 
then be written down m the following way, those 
suffixed a refemng to unit weight 


^0 ooa”-^^^o“^o^o* 

(I) 

^ ooj ” — hiLi, 

(H) 

cog=(n)-F (I), 

(ni) 


(RO 

COj = (^) ” ^ (^)» 

(V) 


{VI) 

A^3co. = (VI)-H(IV), 

(vn) 

00#“^ (^CDE), 

(vm) 

coa~*^ 

(IX) 


(X) 

AX 

^100,- ^ . 

(VTHo) 

wt ’ 

(IXa) 

AX 

(Xa) 

B “ Dltu, 

(XI) 

aq g — P^, 

(XH) 


(xm) 

®i B = S^-T/q, 

(XIV) 

AXi.c = (XI)-(Xn), 

(XV) 

AX, o=(XIIHXin), 

(XVI) 

AX, c=(xinHxnn, 

(XVH) 

AXi c = 5! (XI-XH), 
wt 

(XVo) 

AX. ’ (xn-xm), 

“ wt 

(XVla) 

ax,c=5-’(^-^'>’ 

wt 

(XVna) 

AXr?'o.= OTD;HXV), 

(XlXfl) 

Axrs,.=(iXHxn). 

(XIX) 

AXSTo,=(N)-(xm), 

(XX) 

AZr%.= DTIIa)-(XVa). 

(XITlIa) 

AXI^, = {rXa)-(XlT:a), 

(XlXa) 

XX^&,.= (XaHX^T[a), 

(XX a) 


N 
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ANj o. = UAHi - V (Vni), (XXI) 

AXj o", = WAff. - X (IX), (XXH) 

AX3 o, = YA^a - Z (X). (XXm) 

AH,X, o. 

AXi 0, = - V (Vnio), (XXIa) 

wt 

ASoX, 0. 

AXj o.= ^^*-X (IXa), (XXHa) 

* "Wt 

JJ 

0. = - Z (Xa) (XXma) 

* wt 


EquationB I-Vil and XI-XTV apply equally to ceU 
suspensions and tissue slices or organisms Equations 
VJ 1 1— XXlD and Vm a-XXJLLL a express the values 
for total COj output, glycolytic COj, respiratory COj 
and Oj uptake as /A /ml ceU suspension or ;d /unit 
weight for each separate period of samplmg In the 
case of non glycol 5 rBmg tissues, the formulae for 
bicarbonate CO, (XI-XIV), glycolysis (XV-XVII) 
and for the determination of the respiratory CO, 
(XViil-XX) do not apply Equations Vill-X give 
directly the respiratory CO,, and only equations 
I-X and XXI-XXm need be calculated Once the 
symbols have been calculated, the evaluation of 
results IB obtamed from equations I-XXHI If this 
procedure is foUowed, calculation of an entire 
experiment may be completed m about 30 min 

MANIPULATION OF THE APPARATUS 
RESULTS 

The assembly and manipulation of the apparatus are 
simple The wide manometer board (Fig 1, J) has at 
its back two shdes which are arranged to fit mto two 
neighbouring brackets on the shaker bar of the tank 
The manometers are not fixed to the board, but are 
kept m a wooden stand winch is pi ovided with, slots 
to fit the U shaped parts of the manometers The 
mam vessel is kept m a wooden block 'When 
assemblmg the apparatus the vessel is not put on to 
the manometers as is usual, but the manometers, 
with the compensatmg vessels m position, are shd 
mto their jomts after the vessel has been fixed m 
a rubber hned clamp (Fig 1, X) at the back of the 
board An alternative type of clamp secures the 
vessel round the samphng taps to allow illumination 
of the vessel All compensatmg vessels contam water, 
those connected to the subsidiary manometers for the 
detemnnation of gaseous CO, havmg m addition 
KOH on filter papers m their centre wells, to obtam 
the same water vapour tension as m the experimental 
side of the manometer The samphng keys are 
greased and so inserted mto the taps that aU 
samplmg cups are m open co mmuni cation with the 
mam vessel The lower roUs of filter paper are then 
inserted mto the upper outlet tubes and soaked 
with 0 2 ml 10 % KOH The upper rolls of filter 
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paper are next inserted and wetted with 0 2 ml 
water (A standard size of 'Whatman no 2 filter 
paper is bemg used, 16x76 mm, the volume of 
which IS detemuned and taken mto account when 
calculatmg the constants ) RedistiUed mercury 
(3 ml ) — care must be taken that no air is trapped — 
and tartanc acid (0 6 ml of 0 6 n) are run mto each 
lower outlet tube Tlie mam vessel is then filled with 
the amount of suspension or flmd necessary to fill 
and completely cover the lower samplmg cups 
Tissue shces or small organisms must be prevented 
from lodgmg m the lower samphng cups This is done 
by placmg a platmum coil m the vessel (schematically 
drawn m Fig 2, L) or by puttmg the material m a 
small platmum-wiro basket Rmger bicarbonate 
solution should be equihbrated with 6 % (v/v) 
COJO 2 before puttmg it mto the lessel The gas- 
outlet tap 18 mtroduced, and, if necessary, the Keihn 
tube attached Tlie apparatus is assembled on a sohd 
stand (Fig 1, L) which has two brackets fittmg the 
shdes of the manometer board The vessel is secured 
m the clamp at the back of the manometer board and 
the central manometer inserted The greased jomt 
IS worked m by gentle movement of the manometer 
and fixed with sprmgs If gassmg is required or 
contmuation of gassmg with a CO, gas mixture, this 
IS done m the ordmary way at this stage Next, the 
outer and then the inner subsidiary manometers are 
slid mto position m their jomts and fixed All mano- 
meters are secured m front of the manometer board 
by two rubber -hned clamps across the width of the 
board The gassmg is stopped, the gas outlet tap 
closed and the manometer transferred mto the bath 
If necessary, gassmg can be done or contmued while 
the manometer is shaken m the bath In this case 
the gas outlet (Fig 1, G) is prolonged above the 
surface of the water by a length of rubber tubmg 
It IS advisable to gas both sides of the mam mano- 
meter m order to prevent excessive movement of the 
manometer flmd, which, with the narrow capdlary 
(area 0 26 sq mm ), may affect later readmgs because 
of the slow draining of traces of manometer flmd 
Temperature equilibration is proceeded with as m 
any differential manometer The subsidiary mano- 
meters do not need gassmg It is, however, im- 
portant to shut all manometers simultaneously with 
the compensatmg vessel of the mam vessel This is 
done when the position of the flmd m the mam 
manometer is adjusted before the reading at In 
tlus way small temperature differences durmg the 
experimental period do not affect the later readmgs 
of the samples 

The four subsidiary manometers should show no 
pressure differences up to the moment when they 
are connected with one of the samplmg cups The 
position of the samplmg cups durmg the course of 
the experiment is diagrammaticaUy shown m Fig 4 
At <0 subsidiary manometers 1 and 2 (left) and the 
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mam manometer (Ho) read Tlio loft sampling 
tap 13 unmediatelj turned m order to connect tho 
first pair of samplmg cups (Cq and c') ^vlth their 
manometers At h subsidiarj manometers 3 and 
4 (nght) and the mam manometer (Hj) are read Tho 
right samplmg tap is then turned to connect and 
mth their manometers At t. suhsidiarj mono 
meters 1 and 2 (their pressures, /ij and 7iJ, ha\-mg m 
the meantime become stationarj ) and tho mam 
manometer (H.) are read The left tap is then turned 
once more to connect the ncrt pair of samplmg cups 
(c. and c() mth their manometers At t, subsidiarj 
manometers 3 and 4 {h^ and h[) and tho mam mano 
meter (Hj) are read and the nght tap turned once 
more to connect tho last pair of samplmg cups (Cj and 
<4) ivith their manometers All readmgs of tho mam 
manometer (Hq , , H, and H,) ha\ o hj non- been 

taken The remammg readmgs, h. and /i, (left), 
and hj (nght), are taken ivhen tho pressures in those 
manometers are constant 

In apparatus B the left inner kcj is turned at /j, 
the nght mner key at fj , the left outer key at t, and 
the nght key at (Fig 6) The readmgs are taken m 
the ivay descnbed for apparatus A 


CALIBRATION 

The most accurate way of cahbratmg the apparatus 
IS with mercury In the mam \ essel the total volume 
has to be determmed (mcludmg the eight samplmg 
cups), and the separate ^olume of each samplmg 
cup The constants ofthe subsidiary manometers can 
also bo obtamed experimentally It is not advisable 
to do so m the first instance if no previous exponence 
of the handlmg of the apparatus has been gamed 
However, it may be usefiil to check tho cahbrated 
constants m the following ways 

Constants of the subsidtary manometers for the 
determination of gaseous carbon dioxide Tho mam 
vessel contains water and both rolls of filter paper 
m the subsidiary manometers on each side are wetted 
with water (no KOH to be mcluded) A positive 
pressure is produced m the mam manometer by 
a gas other than CO, This corresponds to the 
readmgHo Inthis case Ho=Hi=Hj=H 3 The left 
and right samplmg keys are turned once 




(j = 1 or 2) 


The m a n ometer flmd m the subsidiary manometers 
IS then lev elled and the procedure contmued 


'OjUj 


(j = 2 or 3) 


Constants of the bicarbonate carbon dioxide mano 
meters A bicarbonate solution of known concentra 
Bioctem. 1949, 45 


tion IS made up (approximately 50 /il COj/ml ) and 
its concentration checked bj^ aciddymg m an ordmary 
manometer Tho bicarbonate solution is pipetted 
mto tho mam vessel and tho lower outlet tubes filled 
with mercurj and tartaric acid After temperature 
equilibration, tho samplmg taps are turned as de 
senbed Tho subsidiarj^ manometers ore not levelled 
after the first readmgs loft and right If the known 
bicarbonate concontration/ml is A, 


=-r^ (j=lor2), 

^ _ AC; + (Aq^O COj) 

Ii-coi r ’ 


AC 3 + (/lilj CO,) 


Protocols 

Exp 1 This concerned the influence ofhght,m air, 
on tho metabolism of Oastrophilus intestinalis larvae 
It n ns done with Mr L Lev enbook ns part of a study 
of tho mfluence of CO on the metabolism of Castro 
pjiilus intcstinalis larvae The significance of the 
Lght efiect on the ratio C0,/0, is not discussed here 
Apparatus tjqie B , temp , 37° , constants given m 
Table 4 The larvae rested on wetted filter paper 


Table 4 Constants of apparatus used 
in Exp 1 



/„=0 757 


£,ol=4 30 

X, 0^=41472 

1, =0-8303 


i,=0G441 


i, = 0 7360 


A =0 0985 

F =0 9387 

L=49 6421 

B =0 0915 

G = 1 10 

M =43 8393 

C=010 

D =0 0948 

H =0-985 

N =44 7451 


E, = 0 4727 
Er =0-5501 


V =0-9831 
X =0 9785 
2=0 9776 


The mam vessel contamed m addition to the larvae 
a small metal boat, fiUed with water Tb® 
volume of larvae, boat and water was adjusted to 
6 ml Wet weight of four larvae, 1 9 g 


Table 5 Manometer readings, Exp 1 


Expen 

mental 

{(mm.) conditions 


0-30 Light 
30-60 Dark 
60-80 Light 


Subsidiary 

Mam manometer manometo, 

A- , gaseous CO, 


= - 0-2 Jo- 

E, = +212 Affi=-1-214 Ai = 
H,= + 6 2 Afl,= -16 0 h,= 
ASi=+22 8 A,= 


-141 
-17 5 
-456 
-612 

39 
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The readings (Table 6) give the following relationships 

I iCo co, = 0 0986X -02+14 1x0 767=10 66 
n Xi ao, = 0 09147x21 2+ 17 6 x 0 8303= 16 61 
m A*! coj= 16 61-0 9387 X 10 66 = 6 61 
IV *2 co, = 0 10x62 + 04727x -14 1 + 46 6x0 6641 = 23 24 
V Axj CO, = 23 24-1 10 X 16 61 = 6 04 
VI *3 co,=0 09481 X 36 0 + 0 6601 X -17 6 + 61 2x0 8303 = 31 39 
Vn Aa^co, = 31 39-0 986x23 24 = 8 64 

49 6421 

ax, co. = — -^x 6 61 = 170 

1 COj g 

IXa AX,co,=^^^^x6 04=116 6 
* 19 

AA 74K1 

Xa ^X3co. = 

3 LUj 2 Q 

XXIa AX,,o = — x4 4464-0 9831x170= -117 

i-oj I 9 
1 (K 

xxna AX,n= x 4 30-0 9786x116 6= -160 2 

so£ 19 

29 8 

xxnia AX3 o, = -r^x 4 1472-0 9776x200 3= -131 
1 9 


The results axe given in Table 6 

Table 6 Results of Exp 1 

(g'o, snd g'co, represent 0, uptake and CO, prodnc 
tion/1 g larvae/hr ) 


t (min ) 

Experimental 

conditions 

t'o, 

2^00, 

2’co, 

3'o, 

0-30 

Light 

234 

340 

1 46 

30-60 

Dark 

300 4 

233 

0 776 

60-90 

Light 

262 

4006 

1 63 

Exp 2 

This concerned the metabohsm of 4 sheep 


retinae in Ringer -bicarbonate with 0 2 % glucose and 
6%C0i/96%0,at38° Apparatus type B, constants 
given in Table 7 Manometer fluids parafiin 
(d, 0 788) m mam manometer and m subsidiary 
manometers for determmation of gaseous CO3, 
a bromonaphthalene {d, 1 4876) m subsidiary mano- 
meters for determmation of bicarbonate CO, Ex- 
tensions were used on the lower outlet tubes (see 
Fig 3, J) 

Owmg to large pressure changes occurring m the 
subsidiary manometers for the determmation of the 


gaseous CO, at and they were opened and 
levelled after the dete rmin ations of Ao and The 
expressions Ejfi, and m equations r\’' and VT, 
therefore, become zero and are ormtted Dry weight 
of retmae, 101 mg 


Table 7 Constants of the apparatus 
used in Exp 2 

Vr, =24 0746 
F^,=23 2613 
Ti.’=22 4792 

Ki 0, —3 08 

E:, o, =2 996 
X,o,=2 899 

la=0 767 
ill =0 8303 
il, =0 6641 
73=0 7360 

^ 0 00 ^ 92 

^ 0 cOfl 97 

^ 0 COi 

^•'3 00, =4 07 

A=0 1009 

B =0 09488 
C=0 1020 

D = 0-1029 

F =0 9387 
G = 1 10 

H = 0 986 

L =43 4279 
M=38 8586 
N=37 6446 


0 = 4 2662 

P = 4 3398 

0 = 4 0820 

R =4 6999 

S =4 6504 
T=4 6361 

V= 0 7486 
X= 0 7496 
Z =0 7499 




Table 8 Manometer readings, Exp 2 


t (mm ) 


0-20 

20-40 

40-60 


Mam manometer 


Subsidiary manometers 

A . 


Gaseous CO, 


Bicarbonate CO, 


B„= -127 4 

B,= -372 ABi = +902 
77,= +7 8 A77,= +46 0 

77,= -34 6 Afl,= +26 7 


A„=-110 
7,= -127 
A,= -212 6 
*,= -210 3 


V=+126 

V=+116 6 

V=-(-227 3 
V= +216 6 
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The readings (Table 8) give the following relationships 

I *0 CO, = 0 lOOOx -128+llCxO 767 = 76 

^ *1 CO, = 0 09488 X -37 2+127 X 8303=101 9 

ni Aa:, CO =101 9-0 0387x75 = 31 6 

CO, = 0 1020x7 8 + 212 5x 0 0041 = 142 
^ Ax, co,= 143 3-1 1x101 0 = 30 0 

=>^3 CO, = 0 1020x34 6 + 210 3x0 7300=168 0 
Ax, CO, = 168 0-0 986x142=18 0 


^^IIa 

rxa 

Xfl 


AA!j co,= 
co,= 
AX, co,= 


43 4279 
101 

38 8686 
101 

37 6446 
101 


x 31 6=13 S 
X 30 0=11 0 
X 18 0=6 06 


XI 

xn 

xm 

XIV 


X, 8=126x4 2602 = 632 
Xi 8=110 0x4 3388 = 600 
X, 8 = 227 3x4 0820-126x4 6909 = 489 3 
X, 8 = 210 0x4 0604-110 0x4 5301 = 478 3 


^ 24 0746 

A-Va AX, o=— __x{ 632 - 500 ) = 6 23 

23 20126 

XVla AX, 0 = — j^p-x( 600-489 3 ) = 3 84 

XVTTrt Av 22 4791 

XVlIa AX, 0 = X (489 3-478 3 ) = 2 48 

XVnio AX ^^=13 8-0 23 = 7 67 
XIXo AX 5 ^. = H 6-3 84=7 70 
XXo AX?S;, = 6 96-2 48=4 47 


A-S+a AX, o^=_x 3 08 - 07480 x 13 8=7 67 
o,=^x 2 9902-0 7496 X 12 0 = 7 49 
^3 o, = ~x 2 899-0 7499 X 6 46 = 4 44 


Table 9 BesuUs of Exp 2 

(«o,. 0 ^. Qo. metaboho quotients of 0.. respiratory CO. 
and glucose are in /il /mg dry wt /hr ) 

s? .s « 

^ nt ir 

R^te are given m Table 9 The flimres for O 

IT P^°duction agreSlX?^ 

Warburg (1924,19^)'““® mdirect method of 
SUMMARY 

1 Thee^tmgmanometnomethodsofmeasurmff 

the respiratory quotient aUow only one detenmm^ 


tion to be made during one experimental period So 
far it has not been possible to meeisure changes of 
R Q with time, or after alterations of the expen- 
mental oonditions during the experiment Such 
changes occur on addition of substrates, inhibitors, 
catalysts, drugs, or on fertilization 

2 A new manometno apparatus, which aUows 
such changes to be measured on a smgle sample of 
biological material, has been nmdo 

3 The method mvolves takmg samples of the 
hqmd and gaseous phases from the mam vessel 
Samples are taken at the beginning of the experiment 
and at three convement times during the experiment, 
which is unaffected by the sampling procedure The 
GO, and bicarbonate contents of the samples are 

39 2 
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determined m subsidiary manometers These, to- 
gether with the readings of the mam manometer at 
the tunes of samphng, enable the Oj uptake, and 
the production of respiratory COj and acid to be 
mdependently calculated for each mterval between 
samphng In tlus way changes with time m the rates 
of O2 uptake, total COj production and of R Q can 
be obtamed 


1949 

4 Two forms of the apparatus have been de- 
signed and are described The theory of the method is 
developed and a simplified way of computmg the 
results IS given 

The instnunenta wore made by Messrs W G Flaig and 
Sons, Waterloo Koad, London, NWS 
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Carotenoids, Vitamin A and 7-Dehydrosteroid in the Frog 

(Ratio temporaria) 

By R A MORTON Aim D G ROSEN 
Department of Biochemistry, University of Liverpool 

{Received 2 March 1949) 


Understandmg of the biochemistry of carotenoids is 
rudimentary except as to the part played m the 
animal economy by a few of them as precursors of 
vitammA In a wider sense the animal biochemistry 
IS compheated by species difierences Thus some 
a nim als absorb and retam so little of either the 
hydrocarbons or then hydroxylated derivatives as 
to suggest that they are not needed, whilst other 
species absorb relatii ely large quantities of different 
carotenoids seleotiv ely and retam them distributed 
over various organs For the carotenes it could be 
argued that they are only absorbed as such when the 
capacity of enzyme systems m the gut to transform 
them IS exceeded, and that the pigments, of no 
special \alue to the body, are slowly disposed of 
Such an argument, however, neglects the regulen oc 
currence of carotenoids m eyes, yellow bone marrow 
and corpora lutea and is of httle value m respect to 
the assimilation and metabohsm of hydroxylated 
carotenoids like lutem and zeaxanthm 

As a subject for detailed study the ficog has several 
special advantages, carotenoids (moludmg both ^- 
carotene and lutem) are widely distributed m the 
body, the species can be studied through the life 
cycle, as embryos, as tadpoles and as immature and 
mature frogs , there is a marked seasonal cycle m both 
sexes and the reproductive phase entails a heavy 
dram on body reserves, especially m the female 
Moreover, as an amphibiem, the frog provides a link 
between work on TnamTnn.lH and fishes There are, 
therefore, numerous factors potentially capable of 
correlation with data on the distribution of caro- 


tenoids so as to lead to hypotheses concemmg the 
functions of these substances 

For 10-1 1 weeks after usmg up the residual yolk 
the tadpole is mamly vegetarian, but when meta- 
morphosis 18 complete, frogs become mamly carni- 
vorous Adult frogs build up large fat resen’’es m 
early summer, and from Jtme to August the testes or 
ovaries enlarge considerably The testes then shrink 
and durmg the next few months varj’' httle m size 
until the spermatozoa become fully npe , the ovaries 
go on developmg, but after spawning m Dlarcli the 
slirunken onducts are orange m contrast to their 
earher paleness The corpora adiposa of Amphibia 
are associated with the gonads , m the frog they vary 
from strands of orange tissue to large cream- 
coloured lobes After surgical removal of one fat 
body the ovary on the operated side remams small 
compared with the other Acoordmgto March (1937) 
sexually mature frogs have a body length (snout- 
cloaca) of about 4 8 cm and weigh about 10 g 
Apphed with caution, body length is a gmde to age 

FAT SOLUBLE SUBSTANCES IN THE FROG 

Earher work on carotenoids and vitamin A L6imberg 
(1029) reported the presence of a ‘carotene like pigment’ m 
the nlnn (Rana temporaria and R eseidenta) Dietel (1933) 
noted the presence of hpoohrome m skin, ovanes and liver, 
but thought it consisted wholly of carotene Manunta (1934) 
found ‘xanthophyU’ and much carotene m the skin of 
R eseidenta Band (1936) observed vitamin A to be present 
in frog and toad hvers with hpoohrome pigments detectable 
m skm, hver, ovanes and eggs, oviducts, testes, kidneys. 
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lungs, spleen and fat bodies Ho did not discnminato 
between free ‘xanthophyll’ and cstcnilcd Santhophylls’ so 
that his analyses are incomplete Ho used too few frogs for 
his work to be more than exploratory Brunner 5- Stem 
(1936), using phase partition and chromatography, con 
eluded that, m R ctcuUnta, p carotene and lutem (free or 
estenfied) were the only carotenoid pigments present In 
the fat bodies, liver and skm, the ‘ vanthophvll’ was all ester 
form, but free lutem also ocourred m the ovaries 2cch 
meister L Tuzson (1036), startmg from 491 frog livers, 
prepared crystalline specimens of liver carotenoids Theskm, 
ovaries, fat bodies and livers of fourteen females {R 
cscuhnia) were quantitatively analysed by chromatographio 
and spectrosoopio methods Three fractions were separated 
(a) epiphasio pigment, (6) free hypophasio pigment, and 
(c) estenfied hypophasio pigment, the latter always pro 
dommatmg, (a) consisted of a and ^-carotene, the p 
isomende preponderatmg, (6) was a mixture of lutem and 
zeaxanthm. Many unidentified zones wore observed dunng 
the chromatography, but it is not clear to what extent the 
substances responsible were metabolic products or tn tilro 
artefacts Other workers mcludo Bartz i, Schmitt (1930), 
van Eekelen (1934), Wald (1935), Ackermann (1933), 
Gillam (1938) and L^erer 4, Rathmann (1938) 

Ongin of tngested carotenoids Relatively little is 
known about the carotenoids of the various species of 
insects, snails and worms which form the diet of 
frogs, although p carotene and lutein probably pro 
ponderate Judging from the contents of the aU- 
mentarj' tracts of frogs (m which cldorophyll is 
always present) a large proportion of the mgested 
carotenoid is m the form of plant material un 
absorbed from the digestive tracts of insects eaten 
From the pomt of view of carotenoid mtnko the frog 
is mdirectly vegetarian to the extent that it makes 
use of plant pigments which ha\e not previously 
entered the body proper of animals 

GENERAL PLAN OF THE PRESENT WORK 

Neither the design of the expienment as a whole nor 
the mterpretation of data is easy If it had been 
possible to work on BOOfrogs mdivi dually rather than 
m hatches of twenty, the plan could have been 
different and the data obtamed could have been 
treated statistically Many of the analyses, how 
ever, would have been impiossible on organs from 
single frogs The choice lay between makmg a 
general sum^ey with its attendant limitations and 
greatly restnetmg the scope of the work On 
balance, taking mto account the paucity of mforma 
tion m the field, it seemed better to secure the 
analytical data which time permitted on samples 
convement to deal with, than to select particular 
variables for study on larger numbers of frogs 

EXPERIMENTAL 

Animals 

The frogs were obtamed from a commercial supplier 
(Norwich distnet) and dehvered at monthly mtervalfl Each 


batch consisted of about twenty males and twenty females 
Tho sexes were segregnted on arrival The frogs were weighed, 
killed by pithmg, and dissected The vanous organs, hvers, 
kidney s, fat bodies, etc from twenty animals of the same sex 
were combined and ucighed Each sample was then ana 
lysed for total fat and the fat m turn analysed quanti 
tatively for ns many of tho following as seemed appropnate 
m each case (a) vitnmm A (free and estenfied), (5) total 
carotenoids, (c) carotene, (d) ‘xnnthophyll’, (e) free 'xantho 
phi ir, mono ester and di ester Within a batch, the work on 
one sox was completed before bcginnmg on the other 
Batches of frogs \icro obtamed from late March to 
December m 1940 and 1947 and some m 1948 The only part 
of tho annual cycle which was not studied was the penod of 
actual hibcmation Ova were obtamed at nU stages of 
matunty and tadpoles at all stages between the fertilized 
egg and tho young frog At vanous penods one of us 
(D Q R ) collected ammals from Hillside, near Southport, 
Lancashire, for additional tests These mclnded the tadpoles 
and young frogs (f? lemporana) and tadpoles of the natter 
jack toad (Biifo ealamila) 

Chemical methods 

Outline Specimens of tissue were ground with sand and 
anhydrous No SO, and extracted with ether The solvent 
was removed and the hpid made up to volume with hght 
petroleum Measured volumes were taken for the deter 
mmation of vitanun A, carotenoids and fat Chromato 
graphic methods were used to separate the components and 
tho quantitative determinations were based on data obtamed 
with tho Beckman photoelectno spectrophotometer Ex- 
posure of extracts to hght was avoided so far as possible 
Tho extracts were not subjected to heat treatment at any 
stage, except m removmg solvent m the fat deterimnation 
Material for analysis The frogs, which had been kept m 
tanks, Biipphcd with water but no food, were roughly dned 
with blottmg paper before weighing and dissectmg After 
weighing, the frogs were killed and dissected as qmckly as 
possible Before the viscera were weighed, adhering ooelomio 
and other fluids and clotted blood were removed, the 
wcighmgs were made without delay 

Solvents Diethyl ether was always freshly distilled over 
a bttle reduced Fe before use Light petroleum (b p 40-80°) 
must be practically free from ‘polar’ impurities, the com 
mercial product is variable and must either be rigorously 
purified or selected for chromatography A consignment of 
good quahty petroleum was reserved for this study The 
acetone was of ordmary reagent quahty and the CHCl, of 
commercial B P quahty Ethanol and cyclohexane were 
Bpecially purified for speotroecopy 

Total fat The portion of the ethereal extract ■which was 
soluble m light petroleum was weighed after dehydration 
with ethanol and recorded as ‘total fat 

Extraction The tissue was qmckly ground, a httle at a 
time, m a mortar with about five times its weight of an- 
hydrous NajSO, to which fine acid washed sdver sand was 
added. Tadpoles were treated sumlarly without disseotiou 
The well ground material was transferred to a beaker and 
covered with ether After standmg 1-2 hr m the dark, the 
yellow extract was decanted through a smtered glass filter 
JQ4) under suction. ‘The sobd residue was then transferred 
to the filter cup and washed with successive portions of 
ether until the filtrate became colourless The solid was 
then returned to the beaker and left to stand under ether for 
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0 6-1 hr and filtered A third extraction, during which the 
ether was boiled for a short tune, yielded no more colour but 
removed residual vitanun A In some cases the finely ground 
tissues were allowed to stand overnight under ether m the 
dark m a corked flask The solution was decanted on the 
filter and the residue washed with ether until no more 
pigment came through Skm, muscle, lungs, oviducts, 
oesophagus, stomach and mtestmes were extracted over 
night, other tissues as qmckly as possible In all cases, the 
ether was removed by distillation under reduced pressure 
at room temperature The residue was dissolved m light 
petroleum and made up to volume A small amount of 
anhydrous NujSOj was added if the solution was not per 
fectly clear A measured portion of the extract was used for 
direot estimatiou of xifsvtmn A, the light petroloum being 
removed and replaced by a suitable volume of cyclohexane 

Chromatographic separation 

Commercial bone meal was ‘ defatted ’ by means of boihng 
acetone The fiaotion which then passed through a 120 
British Standards Specification sieve was used for ohromato 
graphy When such matenal is stirred with acetone, the 
smallest particles do not settle readily, and if the hquid is 
decanted the ‘fines’ can bo removed This is an advantage 
as otherwise acetone eluates may be cloudy Alumma 
(Savory and Moore) which had been m stock m the labors 
tory for some years and had become rather weakly adsor 
bent proved well smted to the separation of carotenoids 
Type * 0 ’ alumma (Peter Spence and Co ) could be repro 
ducibly weakened by stimng m defimte proportions of 
water 

A chromatographic tube of 18 mm internal diameter was 
used throughout this work A column of bone meal 3 cm 
m height sufficed for the separation of vitamm A ester from 
the free vitamm and a 4 cm column for carotenoid sopara 
tion The adsorbent was poured diy mto the tube, hght 
petroleum was added and the bone meal stirred with a long 
thm metal rod to hberato trapped air bubbles Strong 
suotaon was apphed, but from then onwards the column was 
not allowed to run ‘dry’ Tho mitial adsorption of solutes 
was effected slowly under gravity alone Development and 
elution were more rapid at 120-160 drops/mm under 
suction Small volumes of eluato wore aimed at and colour 
less mtermediate fractions obtamed m carotenoid analyses 
were discarded Vitamm A esters were eluted completely by 
100 mh of hght petroleum and the free vitamm by means of 
a httle acetone Solvents were removed under reduced 
pressure and the residues made up to suitable volume m 
cyclohexane 

Carotene (m some cases contammated with estenfied 
‘xanthophyU’) was earned through the bone meal column 
by not more than 26 mL of hght petroleum A measured 
portion of this eluato was put through a simdar adsoiption 
tube contammg a 4 cm column of alumma , here 30 ml of 
hght petroleum earned down aU the carotene and the 
estenfied ‘xanthophyU’ was washed through with acetone 
(10-20 mk) The free ‘xanthophyU’ retamed on the bone 
meal column was eluted with acetone Throughout this 
paper ‘xanthophyU’ refers to a fraction consisting mainly 
of lutem, but possibly oontauung some zeaxanthm and a 
httle kryptoxanthm 

Tor a more complete separation of fractions containing 
httle vitamm A a fresh portion of extract was adsorbed on 
alu mi n a , the carotenes eluted by means of hght petroleum. 


1949 

tho ‘xanthophyU’ di esters by 1% of acetone m hght 
petroleum (v/v) and tho mono esters bj 8% of acetone m 
hght petroleum (i/v) In some cases tho ‘xanthophyU’ 
fraction from bone meal was eluted with acetone, the solvent 
completely removed and replaced by hght petroleum and 
tho solution chromatographed on alumma When necessary, 
di esters and mono esters can be selectively eluted from 
bone meal by means of 2% (v/v) and 8% (v/v) CHClj m 
light petroleum, respectively The final fractions u ere made 
up to volumes smtablo for spectroscopic exammation In 
replaomg one solvent bj another heat treatment was 
avoided. Tho visible spectra of tho three ‘xanthophyU’ 
fractions are reproduced m Fig 1 If the extracts were 
saponified before chromatography, the ‘xanthophyU’ frao 
tion was BubstantiaUy homogeneous 



Wavelength (m/i ) 

Fig 1 Visible absorption spectra m acetone of the three 
forms of ‘xanthophyU’ (1) fireo xanthophyU, (2) xantho 
phyU di ester, (3) xanthophyU mono^ester 

Spectroscopic determinations 

Vitamin A Vitamm A was determmed by the mtensity of 
absorption at 328 m/i and the gross values were 

corrected for irrelevant absorption by the method of 
Morton & Stubbs (1946) Tho separation of estenfied 
vitamm A from the free alcohol was earned out by the 
method of Glover, Ooodwm A Morton (1947) usmg bone 
meal as chromatographic adsorbent As a rule the amount of 
free vitamm A was smaU and was best detenmned by the 
difference between tho total (correoted) and ester (corrected) 
Carotenoids The spectra of nearly aU the fractions agreed 
very closely with those of the oorrespondmg purified oaro 
tenoids from other sources when the ontena adopted were 
(a) wavelengths of maximum absorption m specified sol 
vents, and (6) relative mtensities of absorption at maxima 
and minima (Fig 2) However, oertom carotenoid fractions, 
from mtestmes and eyes, for example, exhibited irrelevant 
absorption This was particularly noticeable m the hpids 
from frrog eyes (Fig 3) The colour is due mamly to ‘xan 
thophyU’ and the curve may be corrected for irrelevant 




Vol 45 


CAROTENOIDS AND VITAJVnN A IN THE FROG 


615 



Rg 2 Comparison of viaiblo absorption spectra of pure 

carotenoids and frog carotenoid cnctraotB , lutein 

m ethanol, x x x x, fing xanthophyll m ethanol, 
, ^-carotene in n hexane , , frog carotene in 

n hexane 



Rg 3 Visible absorption spectra of frog eye extracts 

, "Whole extract (light petroleum 40-60°) 

total ‘^thophyll’ (acetone), , corrected ‘xan' 

thophyll , , irrelevant absorption 


absorption by the general method of Morton i, Stnbbs 
(1040) on the basis of the extent of distortion of the 
mean ‘xantbophjll’ onrvo (see Fig 2) of extracts of other 
organs Tho relative absorptions at the three ivavelengths 
448 6, 403 and 470 m/i are JS = 1, 0 724, 0 881 respectively, 
and j rap (corr ) = £, x 2 210 - Fj x 4 088 + Fj x 2 472, 
where hJj , JS. and are observed values at the three wave 
lengths, rcspcctivelj 

It M ns somotimos necessary to exammo solutions so dilute 
that tho pbotoolectno photometer was perforce used outside 
tho recommended range of extractions The rastrmnent was 
therefore calibrated over tho range F! = 0 01toF = 10 using 
enroteno in light petroleum and ‘xanthoph}!!’ esters m 
ftcetono or bglit petroleum IVhen readings below £ = 02 
Were obtained with frog extracts, correotions denved from 
tho calibration curves were apphed In the cases of mono 
estenlicd and free ‘xanthophyll’ fractions m acetone similar 
cnhbration demonstrated that no such correction was 
necessary Tho data in Table 1 wore used as a basis for 
enleulations 


Table 1 Spcclrophotomelnc data on carotenoids, 
used m the analytical worl 


Substance 

\n*T. 

(mp.) 

" 1 cm. 

Solvent 

Remarks 

Carotene 

449 6 

2650 

Light 

petroleum 

Ethanol 

(0) 

Intern 

446 5 

2660 

(6) 

Vitamm A 

328 

1700 

CyctoHexane 

(“) 

Frog ‘xanthophyll’ 
Frog ‘xanthophyll’ 

4486 

2640 

Acetone 

(e) 

448 

2560 

Acetone 

(c) 

di esters 

fVog ‘xanthophyll’ 

448 

2600 

Acetone 

(c) 

mono^esters 

(a) Determraations m 

this laboratory, (6) 

Zschede 


IViute, Beadle i. Roach (1942), (c) values detennuied in the 
Course of the present work relative to ^ 2550 for pure 
free lutein. 

If, ra detemnnrag the 'total carotenoid’ per frog m a 
given type of tissue, x frogs were used to provide an extract 
in y ml and the solution had to be diluted by a factor a so as 
to bring for a 1 cm layer to a convement figure, then 

Ez Eyz 
100x/y~100x“‘’^ 

llhe use of Q avoids the diEfioulty that ‘total carotenoid’ is 
a mixture of components m which neither A„,„ nor £ J ^ is 
necessarily exactly the same Smee, however, £ J ^ at the 
Visible maximum is of the order 2600, i.e £ is about 2 6 for 
a I cm layer of solution of concentration 1 mg /lOO mh, 
Byzj250x IB the weight of solute per fing in mg , so that 
roughly 0 4Q=mg total carotenoid/frog 

In this mvestigataon the number of analyses was neces 
sardy very large and the preparation of material time 
consumrag In choosing methods the aim was the greatest 
accuracy compatible with speed. It was found to be 
essentml to complete the tests on hvers, kidneys and eyes. 
So far as vitamm A was concerned, m one working day, 
standing overnight might have caused a loss of as much as 
40% of the vitamm 'The rataot organs could, however, be 
kept at 0° without appreciable loss (Table 2) 'The method of 
decomposing the tissue by boding with ethanohe KOH and 
testing the non saponifiable extract was tried aide by side 
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•mth the prooednre already described, and was found to be 
attended by significant losses or isomerization of oaro 
tenoids (Table 3) 


Table 2 Stability of carotenoids in frog tissues 
stored at 0° after dissection 



Penod of 

Total 

Total 


storage 

carotenoid 

vitamm A 

Tissue 

(days) 

" 1 cm. 

Fj^(corr)’ 

Liver 

0 

0 0976 

0117 


1 

0 0998 

0 116 


3 

0 0968 

0113 

Kidney 

0 

Not tested 

0 643 


1 

Not tested 

0 667 

Muscle 

0 

0 00487 

Nil 


3 

0 00482 

Nil 


♦ Calonlated on wet wt of tissue 


Table 3 Comparison of analyses for carotenoids and 
vitamin A earned out on {a) ether extractable lipid 
and (6) non saponifiable ether extract after treating 
tissue until ethanolic KOH 


Tissue 
Cook bver 
Horse liver 
Hare bver 
Frog skin 
Frog bver 
Frog bver 
Frog testes 


Total carotenoid 


(a) (b) 

0 008 0 0072 

0 0192 0 0179 

Negligibly small 
0 031 0 030 

0 080 0 069 

0 227 0 176 

0 063 0 040 


Vitamm A 

Fi^(corr )* 

- - — 

(a) (6) 

Not measured 
0 248 0 203 

0 034 0 036 

Ncgbgibly small 
0 106 0 107 

0 278 0 243 

Negbgibly small 


* Calonlated by the procedure of Morton A Stubbs (1940) 


Samples of frog carotenoid firaotions with accompanying 
bpids were used to asoertam the magmtndo of mampulative 
losses m the ehromatographio procedures Over the relevant 
range, reoovenes of 97-99% were obtained Sundar tests 
with free and combmed vitamm A provided equally good 
recoveries 

The magmtude of the oorreotion for irrelevant absorption 
at 328 m/a m tests on bver e-rtraots is illustrated m Fig 4, 
and on extracts from eyes and kidneys m Fig 6 The full 
lines m Fig 4 show irrelevant absorption at its greatest in 
the present senes (m all there were three such cases), the 
broken bne curves illustrate the normal ease m which the 
irrelevant contnbution is about 20% (thirty cases) The 
carotenoid contnbution amounted at 328 m;t. to only 3-4% 
of the total absorption The need for oorreotion at 328 mp. 
IS mueh more obvious m the extracts from eyes and kidneys, 
but the vabdity of corrected estimates for vitaimn A content 
was confirmed using the SbCl, colour test 

When the ultraviolet absorption of an extract suggested 
the absence of vitamm A, the colour test was used to 
provide confirmation 


RESUTTS AND DISCUSSION 

The expemnental findings are recorded in tables 
and figures 


Lipocliromes and vitamin A in tadpoles 
and young frogs 

Presence of chlorophyll The absorption spectra 
of chromatographic fractions containing ‘xantho- 
ph 5 ’’lls’ show some chlorophyll to be present also 



Fig 4 Ultraviolet absorption spectra of bver extracts 
illustratmg the magmtude of the correction - ■ — , 

typical spectrum , , atypical spectrum In each set 

the top curve is observed, the middle curve corrected and 
the lowest curve represents irrelevant absorption 



Wavelength (itvu) 

Fig 6 Typical ultraviolet absorption spectra of eye 

( ) and kidney ( ) extracts, showing gross, 

oorrected and Irrelevant absorption 
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Thus, tadpole extracts exhibit maxima at 062- 
604, 616 and 432— 434 mp , ■E'eji mit/Ejis = 4 2 
Hams Zschoilo (1043) gi\o for chlorophyll o 
661 6, 016 6 and 431 6 m^ , 

— ^ 3 The low \alue for tho ratio of the 
mtensities of the two chlorophyll bands (Figs 0 
and 7) suggests tho presence of chlorophyll b By 
applying the method of Comar iL Zscheile (1942) to a 



Wivelenjth (m/i ) 

Kg G Visible absorption spectra of frog tadpole 'xantho- 

pbvll’ m acetone , ‘xonthophyll’ from chromato 

gram, , computed oblotopbyll oontnbution, 

, xantbophyU contribution. 

fi:«sh ether extract of tadpoles, chlorophyll a was 
found to preponderate over chlorophyll-6 by a factor 
of 7 5 to 1 The observed absorption in the region 
400-600 mp is therefore a summation of contribu 
tions from ‘xanthophyll’ and ‘chlorophyll’ The 
absorption m the region 600—700 mp is due solely to 
the latter, and from the absorption curve for pure 
ohlorophyll-u, the curve from the red region can be 
continued through to the violet usmg the foUowmg 
relative E \ alues 


A 

662 

400 

412 

420 

430 

E 

0 976 

0 7 

0 913 

0 876 

1 218 

A 

482 

440 

460 

460 mji 


E 

1 226 

0 696 

0 074 

0 018 



The xanthophyll’ contribution m tadpole extracts 
IS then obtained by difference (Fig 6) In two 
samples, the ‘chlorophyU’ and ‘xanthophyU’ ■were 
separated by chromatography on weakened alumina 
an the vahdity of the difference method confirmed 
extracts of natterjack tadpoles the chlorophyll 
contnbution was computed m a s imil ar manner, but 
an additional maximiim near 420 mji due to the 
presence of an artefact was observed when the 


‘xanthophyll’ contnbution was obtamed by differ 
once Tins substance, which showed a maximum at 
412 mp , was probably a degradation product of 
chlorophyll , it was easily removed by adsorption on 
alumina and tho anomalous ‘xanthophyU’ absorp 
tion was corrected by subtraction (Fig 7) Caro 
tonoids are decomposed by exposure to hght m the 
presence of clilorophjdl and oxygen (Pepkowitz, 
1944), it is necessary, therefore, to protect the 



^00 ■ISO 500 550 


Wavelength (nvu.) 

Fig 7 Visible absorption spectra of natterjack tadpole 

‘xanthophyll’ in acetone , ‘xanthophyU’ from 

chromatogram, , computed chlorophyll oontn 

bution, , absorption of ‘xanthophyU’ plus arte 

fact, x-x-x, artefact contnbution, , ‘lantho- 

phyU’ contnbntion 

extracts as much as possible Vitamm A m traces is 
very difficult to detect m such mixtures, and the only 
way m which its presence was demonstrated m 
natterjack tadpoles was by the antimony tnchlonde 
colour test apphed to extracts from the dissected 
eyes 

Occurrence of curotmoids The number of tadpoles 
used was ample for the methods apphed, and the data 
obtamed are shown m Tables 4—6 The tadpoles 
were grouped m accordance with the stages of de 
velopment A.—E which can be fitted mto an appro xi 
mate tune scale (see Fig 8) 

Comment The chlorophyll is almost certainly aU 
present m the digestive tract The tadpoles were 
kept for 3 days m captivity after coUection, hut 
although they were active and faecal excretion 
copious, it was found that those coUectcd at stage A 
had to be kept for 9 days before chlorophyU dis 
appeared In tadpoles caught at different ages the 
chlorophyll content is considerable m stages B, O 
and D, less in E, very low m F and neghgible m Q 
Tins suggests a decrease m food mtake which is home 
out by the weights and the carotenoid analyses 
(Table 4) 
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Table 4 Carotenoids in tadpoles of Rana temporana at various stages of development 
(Chlorophyll Tvaa present m A-F, not detected m O and II ) 


Stage 

Date and 
number used 
(m brackets) 

Average wt 
(S) 

Carotene/ 

tadpole 

(og) 

‘ Xantho 
phyll’/ 
tadjKjle 
(^g) 

Ratio 

‘xantho 

phyll’/ 

carotene 

A, young tadpoles, 10-20 mm 

2 V 47 (312) 

0 049 

0 012 

0 11 

97 

B, tadpoles, 20-30 mm 

2 V 47 (236) 

0 12 

0 033 

0 30 

9 1 

C, tadpoles, 30-40 mm , rear 

20 V 47 (76) 

0 32 

0 31 

1 78 

66 

leg just seen 

B, rear legs less than 4 mm 

4 VI 47 (82) 

0 22 

0 27 

0 93 

34 

E, rear legs greater than 4 mm 

4 VI 47 (62) 

025 

0 40 

121 

30 

F, fore hmbs formed, some fiee 

4 VI 47 (73) 

0 22 

0 26 

0 92 

3 7 

0, aU four hmbs well formed. 

10 vn 47 (88) 

0 19 

0 23 

0 72 

3 1 

long tads persistmg 

B, small irogB, tails almost 

10 VI 47 (03) 

015 

0 25 

0 76 

28 

resorbed 


Table 6 Rate of disappearance of carotene and 
‘ xanthophyir during metamorphosis of tadpoles 


Average amounts of pigments 
(/ig /tadpole) 

A. 


Stages 

Stages 

Loss 

G, D and E* 

F, 0 and iff 

(%) 

Carotene 0 33 

0 26 

24 

‘Xanthophyfi’ 131 

0 80 

38 

• Feedmg freely 

■f Fastmg 



Table 6 Rate of disappearance of carotene and 
' xanihophyll’ from young tadpoles caught at stage A 
and kept in captivity imthoutfood 


Carotene 
‘ Xanthophyll’ 


Pigments expressed as 
(pg /tadpole) 


, '' > Loss 

Tested 3 days Tested 9 days (%) 
after capture after capture* (approx ) 


0 0116 0 0093 20 

0 112 0 087 22 


♦ Chlorophyll absent 


The amount of carotenoid, m the original eggs is 
less than one quarter of that present m active tad- 
poles Now the ratio of ‘ xanthophylls ’ to carotenes 
m the plant world, although variable, is only very 
rarely outside the range 3-10 In yoimg tadpoles the 
ratio IS initially about 9 and falls to about 3 at the 
tune of metamorphosis and then falls further m 
young frogs Up to maximum growth ‘ xanthophyll ’ 
storage mcreases more rapidly than carotene 
storage The abrupt fall m ‘ xeunthophyll ’ level when 
the rear legs first appeared obviously needs con 
finnation, but the very small concomitant drop m 
carotene affords a hmt that it is not illusory The fact 
that httle or no food is eaten during metamoiphosis 
allows the disappearance of carotenoids to be 
followed The data given m Fig 8 and Tables 5 and 6 
suggest that the mam process does not disonmmate 
sharply between carotene and ‘xanthophyll’ The 
change m the ‘xanthophyll ’/carotene ratio recorded 
m Table 4 is not then simply a matter of selective 


‘utilization ’ as measured by rate of disappearance 
If, dunng the period of metamorphosis, carotene 
had been used for the synthesis of \utamm A, the 
hydrocarbon might have been expected to disappear 
more quickly than the ‘xanthophyll’ (mamly 
lutem m the tadpole) There is no doubt that vitauun 
A IS formed m the tadpole Natterjack tadpoles 
each contamed about 0 027 gg m the eyes and newly 
metamorphosed frogs about 0 1 gg 



M»7 June July 

Time 

Fig 8 Carotenoids m the developmg tadpole (o) total 
carotenoid, (6) total ‘xanthophyll’, (c) carotene The 
stages A-U are specified m Table 4 

It 18 now clear that the mam, if not the sole site of 
conversion of carotene to vitarnm A m mammals is 
the absorptive portion of the gut, and it seems very 
probable (although obviously difficult to prove) that 
the same holds true for the tadpole It is very un- 
likely that the ‘xanthophyll ’/carotene ratio m the 
kmd of vegetation ingested is ever as high as 9, the 
appearance of this ratio m the early stages of de- 
velopment {A and B) suggests a selective utilization 
of carotene m the gut waU On tins hypothesis, as 
development proceeds and food mtake mcreases, the 
‘ carotenase ’ enzyme sj^stem becomes unable to cope 
with more than a fraction of the carotene presented 
to it The residue will foUow the normal pathway of 
hpid absorption, and the ‘xanthophyll ’/carotene 
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ratio will fall until it readies a figure much nearer to 
that of the diet The canm orous j oung frogs mil 
continue to com ort a proportion of ingested caro 
tone and to absorb carotene and ‘ xantliopln 11 ’ non 
Bclectn elj 

It IS possible that in tho futuro tho hatehmg of 
frog spawn and the growth of tadpoles in captn ity on 
artificial diets maj bo of ser\nco if either carotono or 
‘xanthophyir, or both, can bo ovcludod 


LijiocJiromcs aud titaimn A tii adult frogs 

Ftfamui d. There docs not appear to bo nnj pro 
formed \-itanun A in the diet of tho frog Tho xotamin 
formed in into from pro\ itamin is foimd m tho h\ or 
(about 85 %) and m the oj es and ladnoj s in approxi 
matelj equal amounts (Tables 9 and 11) In each 
site it occurs mamlj as ester Tho amount of Mtamm 
Amladnej (about 30 /ig /g ) is \or 3 ' much larger thou 
that found m mammaban Indnoj s 

Carolatoid dislnbulwn Carotono ns such is less 
efficientlj absorbed than tho hydroxj latod caro 
tenoids amce the ‘xanthophj 11 ’/carotene ratios are 
approx 3 1m the diet, 2 1m tho faeces and, m tho 
body, 4 7 1 for females and 5 7 1 for males (October 
1947) 

In contrast with the restricted distribution of 
vit-amin A, carotenoids occur m all tho organs studied 
(Table 9) Thej also appear to occur m norvo tissue 
and m glands such as the thymus If the amounts of 
carotenoids at different sites uro expressed m terms 
of that present m the skm (chosen for comparison 
because of its relative constancj), the results m 
Table 7 giv e an idea of the approximate distribution 
ov er the body In males, the skm, hver and muscle 
are important, m the female the gonads dommate 
the situation (Table 7) 


Table 7 Rdaltve amounts of total carotenoid 
m frog organs 


(These are mostly seasonal averages, without distmction 
between the sexes ) 


Skm* 

Ovanes and mature eggs 
Liver 

Muscle (total legit 
Oviducts 

Immature ovanes 

Stomach 

Testes 

Small mtestme, fat bodies, kidneys 

Oesophagus 

Tongue 

^hwi^^ mtestme, lungs, eyes, 
Semmal vesicles, spleen 


1 

2 66 
07 

0 17 
012 

01 
0 06 
0 036 

0 23-0 28 
0 16 
009 

0 004-0 008 
Traces 


c^tcnoid IS taken as umty, because the abs 
ihov, “1^6 and is less influence by sex and s 

than othm tissues noh m carotenoids. 

midl^S^yp muBole/ventral and side musoli 


Table 8 Weights of frog organs expressed 
as percentage of body weight 

Maximum 
3 GO (Aug ) 

30 0 (Mar ) 

17 5 (Deo ) 

3 0 (Nov -Dec ) 
2 3 (Oct -Deo ) 

8 (Aug -Sept ) 
7 (Aug -Sept ) 


Although the loft fat body is larger than the nght one, 
the carotenoid content per unit weight is the same The 
adrenals are somewhat noher m carotenoids than tho 
kidneys In all tissues a earotene seems to be practically 
absent and the ‘xnnthophyll’ is nearly all lutem Very 
small amounts of other earotenoids were sometimes found, 
but there u as too httlo for characterization A few toads 
(Bxifo vulgaris and B calamtla) have been studied m the 
course of tho present work and no significant differences 
were observed from experience on frogs 

One of the impbcations of the distribution data is 
that the carotenoids are not merely distnbuted with 
the fat, thus for females m October 1947 the con 
centrations of carotenoids m fat varied from about 
0 01 mg /g for fat bodies to 8 4 mg /g for skm, with 
liver 2 7 mg /g and ovaries 1 1 mg /g (Table 16) 
The external appearance of frogs and toads owes 
httle or nothing to the hpochromes present m the 
skm The outer layers are noh m melanms and m 
pigments soluble m dilute ammoma 

Lederer & Rathmann (1938) foimd small pro- 
portions of vitamm Aj m JK esculenta hver fat, but m 
the present work with i? temporarta no Aj was ob 
served, confirmmg the finding of Gillam (1938) 

Ultraviolet absorption spectra of Itptd fractions 
from frog organs 

The absorption spectra of hver extracts have already been 
referred to (Pig 4) Observations on extracts from other 
organs are recorded Selective absorption of vmdetermmed 
ongm m the region 280-300 mp. was recorded m hpids from 
the eyes offings and toad (Fig 6) and also rather erratically 
m frog kidneys With one exception (November 1946) the 
testes extraots showed contmuons end absorption over the 
range 260-400 mp. The aberrant sample showed an inflexion 
near 266 mp. 

Extraots from ovanes were more mterestmg 
Matenal from the mature ovanes of frogs m the pre- 
hibemation penod exhibited the well resolved ah 
soiption shown m Fig 9 The characteristic curve 


Organ 


0 

0 

1 

11 


Testes 
Ovanes 
Oviducts 

Livers (male) 

1 at bodies (Ncarlj 0 
(male) (Ncarlj 0 

Skm Approx 

Leg muscle Approx 

Kidnoja 
Pnnorens 

Stomach Approx 

Lungs (male) 

Tongue 

Eyes Approx 

Heart Approx 


Minimum 

32 

925 (Apr ) 
47 (Apr) 
4 (Apr ) 
3 (Apr ) 
(Apr) 
(Apr) 

10 

16 

0 3-0 5 

0 06-0 13 

1 0 
(0 42 
10 25 
08 

1 0 
0 26 
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Table 9 Dwtnhutum of fat, carotenoid and mtamin A in the organs of sixty male frogs, 

divided into three main groups 


Group 

A 

B 

C 


Mean body length Moan u’eight 

(om ) (g ) 

0 0 22 8 

6 0 14 2 

61 no 


In table below means were not measured, a dash { — ) means ‘not measured’ 



Wt as 

% Wt of fat 

Total carotenoid 

Carotene 

‘Xanthophjll’ 

Vitamm A 

Organ 

bodj’ wt (mg /frog) 


QxlO * 

(pg /frog) 

(Mg /frog) 

(pg /frog) 

Fat bodies 

A 

0 058 

56 


0 33 

0168 

1 40 

0 

B 

0 001 

64 


0 08 

— 

— 

0 

C 

0 030 

26 


0 02 

— 

— 

0 

Pancreas 

A 

0 117 

— 


on 

— 



0 

B 

0 105 

— 


0 06 

— 

— 

0 

C 

0 120 

— 


0 057 

— 

— 

0 

Kidneys 

A 

0 35 

— 


0 29 

— 

— 

53 

B 

0 35 

— 


0 236 

— 

— 

24 

C 

0 35 

— 


0 18 

— 

— 

1 0 

Testes 

A 

1 20 

4 1 


0 33 

0 69 

0 77 

0 

B 

1 24 

27 


0 22 

0 38 

050 

0 

G 

123 

1 7 


017 

0 32 

0 40 

0 

Eyes 

A 

0 80 

— 


— 

— 

— 

30 

B 

1 02 

— 


— 

— 

— 

23 

0 

1 30 

— 


— 


— 

21 

Liver 

A 

2 31 

3 0 


4 40 

34 

13 0 

39 0 

B 

2 31 

29 


384 

33 

11 5 

20 0 

C 

1 92 

2 2 


2 32 

1 26 

72 

12 1 

Tongue 

A 

0 03 

— 


Oil 

— 

— 

0 

B 

0 74 

— 


0 082 

— 

— 

0 

C 

0 72 

— 


0 078 

— 

— 

0 

Stomach 

A 

1 09 

— 


0 48 

0 62 

1 24 

0 

B 

1 12 

— 


044 

0 49 

1 10 

0 

C 

1 27 

— 


0 34 

0 36 

090 

0 

Skm 

A 

11 0 

10 2 


12 6 

7 26 

43 0 

0 

B 

11 1 

12 0 


86 

6 02 

27 8 

0 

0 

11 1 

97 


09 

2 19 

24 4 

0 

Leg muscle 

A 

17 3 

18 3 


342 

1 04 

10 6 

0 

B 

15 0 

10 0 


204 

0 97 

09 

0 

C 

14 5 

68 

* 

See p 

1 64 

015 of text 

0 09 

60 

0 

•with maxima at 292 6, 281 6, 

271 and 261 mu 

was 

correction 

procedure 

based on the 

method of 

reproduced m the non saponifiable fraction 

The 

Morton & Stubbs (1946) usmg reference data ob- 

spectrum is 

quahtatively m 

distinguishable 

from 

tamed on 

luglily purified ergosterol 

(which 13 


that shown by provitamins D, e g 7 dehydro spectroscopically almost identical with 7 dehydro- 
oholesterol and ergosterol Without usmg a large cholesterol) the corrected A} ^ 281 6m^ value was 


amoimt of material it IS not possible to decide which 0 117, correspondmg -with a concentration of 1 m 
of the several substances known to exhibit this 2430 m the ovaries , (ergosterol) = 286] A cal 

spectrum occurs m the frog ovaries Applymg a oulation based on the work of Boyd (1938) mdicates 
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that mature o\ nnes contain about 0 8 % of cholo 
sterol It thus appears that tho o\ arian steroids 
contain approx 0 5 •Jq of 7 dchydrostoroid 



accumulated at this tune Curve C (Fig 10) shows 
the absorption spectrum of an extract of immature 
ovanes obtamed from the same frogs as the npe ova 
m ]\Iarcli 1948 Cum'e D refers to immature ovanes 
obtamed m tho spnng of 1947 and B to ovanes 
from frogs which hod fasted for a long time 
(p 026) Tho weak seleotne absorption at 330 mg 
(Fig 9) IS not due to vitamm A or carotenoids 

Tho data on oxtraota from other organs show no well 
defined spectra, but there are numerous mdioations of the 
presence of traces of absorbmg constituents Much larger 
amounts of matonal would have to bo used m following up 
these observations 

The occurrence of the ergosterol like bands m 
mature ovanes is surprising It suggests that the 
hypothesis of a role for 7 dehydrosteroids other than 
that of a provitamm D is worthy of study 


Fig 9 Ultraviolet absorption spectra of tho ovtmot of 
mature frog ova m ethanol (a) gross absorption, 
(f>) corrected curve, (c) irrelevant absorption 



ig Ultraviolet absorption spectra of frog ova extracts 
. mature ova just prior to ompoaition (ethanol), 
1 ecember ova immature through deprivation (ethanol) , 
, immature ova firom firogs which yielded mature ova 
e ^ ) (m ethanol) , and D, immature o va firom spring 
&oga 1947 (cpclohexane) 


thn ^ °^®ractenBtio spectrum only appears wl 
^ mature, hut it persists throu^ 
hibernation and is seen (Fig lOA) j 
nitir.Ti occurs There is some loss of d 

P'^hly a decrease m mtensity, but r 
fj-i , how much of the apparent loss 

hotitious. smee the protem layer ^d water , 


Seasonal variations in carotenoids and vitamin A 

A considerable body of motncal data accumulated durmg 
tho study of some 500 frogs, the mam features of which are 
summarized m Tables 8 and 10 The quantitative picture 
which emerges from a study extendmg over only two 
seasons is m some respects rather tentative, but it is likely to 
bo broadly correot In 1046 the hver fat for both sexes 
showed a ’xanthophyll ’/carotene ratio {XjO) of 1 m the 
autumn, but a year later XjC was about 3 (Table 12) The 

Table 10 Size and weight of frogs used at 
different dales in the present loork 


(The average body lengths were computed from the data 
of March (1937), except those marked with an asterisk ) 



Number 

Average 

Average 

Date of 

^ 

-A ^ 

body wt 

body length 

dissection 

Males 

Females 

(g) 

(cm) 

14 viu. 46 

— 

18 

27 6 

69 

19 viu 46 

18 

— 

204 

66 

9 IX 48 

20 

— 

30 6 

73 

11 IX 46 

— 

19 

256 

69 

17 I 46 

18 

— 

26 8 

69 

21 I 46 

— 

18 

26 7 

66 

0 XI 46 

20 

— 

29 3 

7 1 

12 XI 46 

— 

20 

34 6 

69 

9 XU. 48 

19 

— 

264 

67 

16 XU 46 

— 

21 

31 1 

6 7 

1 IV 47 

— 

13 

29 6 

68 

7 IV 47 

18 

— 

227 

62 

13 IV 47 



14 

14 6 

66 

12 V 47 

20 

— 

20 3 

65 

28 V 47 

— 

19 

16 3 

63 

8 VU.47 

14 

— 

253 

7 1 

22 vu 47 

— 

19 

19 9 

67 

3 X 47 

17 

— 

131 

6 6* 

8 X 47 



17 

16-8 

6 9* 

30 X 47 

20 

— 

22 6 

6-8* 

30 X.47 

20 

— 

14 2 

6 6* 

30 X 47 

20 

— 

11 0 

6 1* 

weather remamed mild until early December m 

1046 and the 


frog fat bodies were much larger m October and November 
than a year later Apart from compbcations ansmg from tho 
fact that no two years have the same weather conditions, 
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the age (size) variable mnst be distmgmshod from the 
vanable of an annual cycle in the Irog at aU ages after 
puberty 

A group of sixty male frogs, oaptured near Norwich m 
October 1947, was divided mto three groups Table 9 
summarizes the experimental data The weights of organs 
expressed as percentage of body weight are reasonably con 
stant apart from the cases of fat bodies and eyes No simple 
expression can be found to cover the hpoohrome or vitamm 
A variations, but both mcrease with moreasmg age 

An experiment with a further group of sixty male frogs 
caught m the spring of 1948 at Hdlside showed that two 
groups of twenty not differmg m average size (0 7 cm ) 
differed httle m respect of skin carotenoid, hvor carotenoid 
and hver vitamm A A third group of the same size showed 
very much less hver vitamm A and shghtly less hver caro 
tenoid The frogs in the third group, unlike the others, were 
spent (semmal vesicles empty, and testes shrunken), and, ns 
will be seen, it is plausible to connect that fact with the 
decrease Only rather gross signs of seasonal variations, 
reinforced by data on the average body length of the frogs 
employed (see Table 10), can therefore be regarded ns 
significant at this stage m the problem 

The variations m carotenoid and vitamm A content of 
certam organs dnrmg the annual cycle are illustrated m 
Figs 11-16 The results obtamed on the first sixty male 
frogs m groups A, B, 0 (p 020) have been taken into 
account m the discussion 

Vitamxn A 

( 1 ) Liver Males and females showed a summer maximum 
with a faU m early autumn and a rise m late autumn 
(Fig 11) There may have been a real decrease prior to 



Aug 1945 jjn 1947 Aug 1947 

Date of examination 


Fig 11 Seasonal vanation m frog hver vitamm A 
X — X — X , male, , female 

hibernation, but there was no sign of a drop dnrmg wmtor 
Some females shed their eggs m the laboratory without 
pairmg (Apnl 1947) and showed low hver levels afterwards 
Similarly, m 1948, the three sets of males already referred to 
showed respectively 36 1, 36 2 and 20 7/ig /hver, the low 
value being obtamed m the ‘spent’ animals 

(n) Eyes Both sexes showed a late autumn maximnm and 
a fall m vitamm A before hibernation Males but not females 
appeared to exhibit a wmter miniTnTiTn (Pig i2) 


(m) Kidney Beyond the fact that kidney storage of 
vitamin A seems to be maximal m autumn, there is too httle 
evidence for postulatmg a true annual cycle (Fig 12) There 
IS httle evidence that hibernatmg frogs deplete their vitamm 
A reserves, but reproduction causes a heavy dram The 
temperature coefficient of the enzyme system responsible 
for the conversion of provitomm A to vitamm A is probably 
more responsible for the summer nse m the hver reserve 
than the copious feedmg 



Jan Apr Nov 

1947 1947 1947 


Fig 12 Seasonal variation m frog eye and frog kidney 
■ntamm A x, cjo (male), #, kidney (male), eye 
(female) , H, kidney (female) 

Table 1 1 shows for frogs at different seasons the vitamm A 
contents of the three organs expressed as percentage of the 
total reserves The seasonal vanations suggest sex differ 
cnees, and show clearly that the hver is always the mam 
storage organ So for ns the data go, 76-88 % of the vitamm 
A occurs ns ester m all sites with 80 % ns a typical figure 
A few discrepant observations were, however, made 

Table II Seasonal vanations tn the distribution 
of vitamin A in frogs of both sexes 

Average 

body Vitamm (% of total) 


Season 

Sex 

length 
(cm ) 

1 

Liver 

A 

Eyes 

Kidneys 

Sprmg 

SI 

62 

87 0 

69 

6 1 

F 

66 

88 4 

72 

46 

Summer 

SI 

71 

88 8 

41 

71 


F 

67 

90 2 

66 

43 

Autumn 

SI 

66 

77 6 

117 

10 9 


F 

60 

82 7 

99 

76 


Total earotenmd 

( 1 ) Zrieer No reduction was manifested dnrmg hibema 
tion for either sex, m fact there may have been a small nse 
for males In both males and females the decrease on matmg 
was followed by a nse to a summer maximum There was 
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thm 0 giadunl dccrcnso continuing until December mtli 
nothing nnidogous to the niituinnnl nse in hepntic i if nimn A 
(Rff 13) 



Date of examination 

Fig 13 Seasonal vanntion m frog liter total carotenoid 
x-x, male, #-#, female (Q, see p 615) 




Ivovenibcr, but no clear out secondary maxunum tvas 
recorded Transfer to tho testes seems to ocenr during or just 
after hibernation Immature ovaries oontam very little 
carotenoid, but just prior to hibernation a thirtyfold nse 
had been attamed IVhether or not there is a dram on ovanan 
carotenoids during tho ivmter sleep cannot be stated, os 
contradictory residts ivcro obtamed m the 1047 and 1948 
seasons, but it could not bo large The oviducts showed a nse 
in late autumn, but there was no drop m irmter (when the 
ducts are funotionmg actii ely) On spawnmg, the duets 
ntrophj and there is a sudden decrease to a low level which 
IS mamtaincd through tho summer 

Mole fat bodies showed a marked nse m November, 
whereas in females tho levels were lower and fairly constant 
throughout tho autumn Hibernal losses occurred m both 
seves and for females especially, marked depletion occurred 
on spawning with recovery dunng summer feedmg to lower 
lc\els for females than for males 

(lu) Kidticya, sLin and organs of the digestive tract No 
significant seasonal variations m kidney or slon carotenoids 
could bo observed for either sex Some vanations occurred 
m tho digestive tract Males showed summer and autumn 
peaks m tho stomach, but females only showed the autumn 
nse In the small mtestme there was a maximum m autumn 
for both sexes Dunng wmter the mtestmal carotenoids 
were mamtamed (males) or even rose a httle (females) 

(iv) Leg muscle. A temporary nse appeared to ooonr m 
tho autumn 

(v) Tongue, lungs, pancreas, eyes There was evidence of 
an autumn maximum, but the levels were fairly steady on 
tho whole In the male pancreas an mcrease is suggested 
during or immediately after hibernation, but m the female 
there is a fall on egg laying In the male eye the total 
‘xanthophyll’ drops m early summer and then rises, but 
there is no clear out autumn maxunum m tho female 
Carotene was found in traces ( <0 OSjig /eye) bnt ‘xantho 
phyll preponderates m tho eye 

Comment on seasonal variations 

The foregoing results axe not easy to interpret 
fully A tendency for carotenoid content to rise 
after heavy feedmg is qmte definite, but some 
organs respond quickly and others much more 
slowly Furthermore, there may be a seasonal change 
m storage sites For example, duri n g the early 
summer feedmg flush, the hver hpochrome m- 
creases markedly, yet the muscle content does not 
nse appreciably, durmg the autumn feedmg this is 
reversed However, it is not possible to distmguish 
between carotenoids earned with fat m hpid transfer 
and carotenoids mobilized m accordance with the 
cycle of specific utilization if such exists 

The gonadal cycle m the female results m a larger 
storage of carotenoids m the developmg ovanes than 
m the whole of the rest of the body Expulsion of ova 
18 by far the largest cause of carotenoid loss, probably 
larger even tlian the total oxidative degradation 
The cycle m the testes and ovaducts is not responsiv e 
to dietary changes, hut this is no more than a hunt at 
functional significance The sex difference m caro 
tenoid storage m the fat bodies recalls the dissimilar 
gonadal sequence, for spermatogenesis is spread ov er 
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no more than six weeks, whereas ovarian develop 
ment proceeds steadily until the autumn accelera- 
tion of growth 

Although muscle and kidney stores fluctuate rela 
tively little it is noticeable that the absolute amount 
stored m muscle (especially for males) is quite appre 
ciable Muscle fat and carotenoid is probably 
mobilized readily It is mterestmg that, although 
frogs feed soon after matmg, carotenoid storage does 
not occur until late May There is a similar lag m hver 
glycogen and blood sugetr mcrement (Smith, 1947) 

The, ‘xanthophylV I carotene ratio {XIO) 

The relative amounts of ‘ xonthophyll ’ and caro 
tene stored differ markedly m the various organs 
For frogs of different sizes the quotient vanes as 
follows testes 1 2-1 6, hver 3 5-6 8 and stomach 
2 4^2 66, skm 6 6-11, muscle 7-10 There is, how- 
ever, no uniform trend with moreasmg age m differ 
ent organs The data on seasonal changes are sum 
manzed m Table 12 It is quite possible that the 
picture IS distorted by some local or other factor 
connected with the availability of particular lands of 
food , m fact marked annual chfferences have been 
observed Some of the grosser effects can, however, 
be mterpreted IVhen carotene prcdommates as it 
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appears to do m female livers (August-December 
1946), transfer of ‘ xanthophyU ’ from liver to gonads 
is the probable explanation, because the quanti 
tative demand of female gonads for ‘xanthophyU’ is 
great Durmg spermatogenesis (when the total caro- 
tenoid IS maximal) the A/C ratio for testes is doubled, 
but the reason is not clear 

Free and combined ‘xanthophyU’ 

Seasonal effects Table 13 shoivs the distribution 
of free ‘xanthophyU’, and mono- and di esterrfied 
‘ xanthoph j’-U ’ as a percentage of the total Although 
high accuracy cannot be claimed for the figures it is 
obvious that the organs fall mto two classes m which 
the ‘xanthophyU’ is respootivoH mamly free and 
mainly combmed The significance of the data m 
Table 13 is not clear, because it unphes a distribution 
of esterases for which no explanation can be offered 

Comparison of fat and carotenoid storage 

Smee lipid is the normal vehicle for carotenoids it 
is important to know whether the storage and mobfii- 
zation of hpochrome is correlated with that of fat 
Tables 14 and 16 show that it is not (The ratio fat/ 
carotenoid {0/F) is approximate, smee the figures 
for total carotenoid are obtamed bi the roughly 



Table 12 

Seasonal changes in the ' xanthophyU’ f carotene ratio in frog organs 

1940 1947 



Organs 

Set 

( 

July 

Aug 

Sept 

Oct 

Nov 

Deo 

/ 

Apr 

Apr 

Mav 

July 

Oct' 

Testes 

— 

— 

2 6(?) 

1 95 

1 00 

0 87 

1 00 

0 85 

— 

0 88 

1 92 

142 

Ovanes 

— 

72 

03 

72 

72 

07 

74 

77 

11 0 

90 

112 

82 

Fat bodies 

M 

— 



77 

67 

60 

49 

07 



10 0 

10 9 

79 


F 

— 

— 

— 

60 

44 

— 

— 

72 

6 1 

92 

— 

Skm 

M 





_ 



■ 

— 

60 



40 

63 

48 


F 

— 

— 

— 

— 

— 

4 1 

20 

43 

4 1 

40 

28 

Liver 

M 

1 12 

0 72 

1 97 

1 69 

1 19 

1-40 

1 51 



1 67 

1 74 

30 


F 

102 

0 51 

0 78 

0 88 

0 71 

0 96 

0 81 

1 68 

1 38 

1 74 

28 

Kidney 

M 













30 



— 

50 

46 


F 

— 

— 

— 

— 

— 

— 

29 

— 

27 

93 

22 

Leg muscle 

M 









■ 






— 

10 

76 


F 

— 

— 

— 

— 

— 

— 

— 

— 

— 

83 

87 

Lungs 

M 

F 

— 

— 

— 

— 

— 

— 

30 

— 

— 

3 9 

90 

Pancreas 

M 







68 

_ 

. 

15 8 

77 


F 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

02 

Stomach 

M 

— 

— 

— 

— 

21 

1 7 

1 8 

— 

24 

— 

2 1 


F 

— 

— 

— 

— 

— 

— 

— 

— 

— 

24 

— 

Intestme 

M 

. 

— 



— 



41 

26 




— 

40 


F 

— 

— 

— 

— 

20 

— 

— 

— 

— 

42 

31 

Large mtestme 

M. 







— ■ 

- 

- 

1 9 

— 

— 

— 

09 


F 

— 

— 

— 

— 

— 

— . 

— 

— 

— 

23 

1 0 

Tongue 

M 

F 

— 

— 

— 

— 


— 

— 

— 

— 

38 

1 8 

1 1 
22 

Oesophagus 

M 









— 

- - 





— 


24 


F 

— 

— 

— 

— 

— 

— 

— 

— 

— 

49 

— 

Oviducts* 


— 

— 

— 

— 





0 83 

0 67 

0 76 

0 72 

10 


• Oviduots alone fail to allow ‘xanthophyU’ predominating at any season of the year X/0 ratio was 0 88 m Jan 1948 
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Table 13 Seasonal dtslribitfion of free ‘ tanthophyll' and xanthophyU mono and di esters 

tn frog organs 

Percentage of total ‘xanthophyU’ as 


Group 


Testes 

Liver 

Skm 

Muscle 


Oigan 


Season 


Sex 

Di ester 

Mono ester 

Free 

Skm 


Summer 


F 

68 

16 

27 

Skm 


Summer 


M 

61 

10 

20 

Skm 


Autumn 


'll 

68 

15 

17 

Skm 


Spnng 


M 

74 

13 

13 

Ovanes 


Summer 




62 

33 

16 

Ovanes 


Autumn 




60 

27 

13 

Ova 


Spnng 


— 

68 

20 

22 

Liver 


Autumn 


M 

9 

18 

73 

Muscle 


Autumn 


M 

12 

8 

80 

Muscle 


Autumn 


F 

8 

8 

84 

Muscle 


Spnng 


F 

10 

9 

81 

Oviduct 


Autumn 




11 

22 

67 

Testes 


Winter 




7 

23 

70 

Fat bodies 


Winter 


M 

11 

34 

66 

Small mtestme 

Winter 


M 

6 

13 

81 

Table 14 

Total carotenoids and total fat of organs of male frogs of different sizes 

lengths Group A, 6 6, B, 6 0, C, 6 1 cm 

Total carotenoid calculated on basis of mean E \ ^ - 


A 

X 



B 



G 

Fat 

Carotenoid 

^ 

CjF 

Fat 

Carotenoid CjF 

( 

Fat Carotenoid 

(mg) 

(pe) 

(mg /g ) 

(mg) 

(Pg ) (mg /g ) 

(mg ) 

(tig) 

4 1 

1 3 

03 

27 

0 87 0 32 

1 7 

0 68 

36 

18 

60 

29 

16 4 

63 

22 

93 

162 

60 

31 

12 6 

34 

27 

99 

28 

18 3 

13 7 

0 76 

10 6 

82 

0 77 

68 

62 


450 mp 2600 ) 


CjF 
(mg /g ) 
04 
42 
29 
09 


Table 16 Seasonal variations (1947) tn ratw of 
total carotenotdjfat in frog organs 


(Ratios expressed as mg total carotenoid/g fat ) 


Organ 

Sex 

Testes 

— 

Ovanes 



Fat bodies 

sr 


F 

Kidneys 

F 


M 

Liver 

F 


M. 

Leg musole 

M. 


F 

Skm 

JL 


F 

Oviduots 



April 

May 

— 

0 63 

34 

13 

— 

0 49 

— 

0 02 

— 

066 

— 

0 28 

33 

36 

32 

16 

28 

36 

34 

23 

03 

03 


July 

October 

044 

042 

1 12 

0 68 

0 01 

009 

0 01 

012 

03 

1 6 

0 47 

1 4 

1 6 

36 

27 

I 1 

— 

1 8 

034 

1 2 

31 

32 

84 

40 

02 

04 


conect assumption of an average 450 mp of 
2600 for the constituent pigments ) Variations with 
size are obviously less nnportant than mter organ 
variations Seasonal variations (Table 16) are 
stnki^, but agam there is no correlation between fat 
transfer (or metabolism) and the fate of carotenoids 


Vitamin A fed to frogs 

One male and one female ivere each given 1 drop (app 
3500 nu ) of an ester concentrate daily for a month, inti 
Biochem 1949, 45 


other food Mnoh of the vatamm was excreted but the hver 
level rose threefold Some vitamin appeared m the extracts 
firom lunge, fat bodies and testes, but not m the skin or the 
Ovanes The experiment mdicates poor assumlation, but this 
may have been due to the fact that the animals (like all 
frogs in captivity) refused to eat spontaneously The 
absence of vitamm A from the ovanes is consistent with the 
observation that it is not detectable m newly spawned eggs 

Fasting frogs 

The ability to do without food for long periods is a well 
known oharaotenstic of frogs In an expemnent m which 
twenty five female frogs were kept without food from 18 
July to 9 December 1947, the fat bodies had been exhausted 
and body weights had decimed by some 35 % Ovanau 
development was greatly retarded The decreases m weight 
of the viscera during manition were m general agreement 
with previous observations (Ott, 1924) Most of the in 
testmes contamed faeces of liquid con*^lstenc^ with a 
‘xanthophyU’/carotene ratio of 4/1 as compared with the 
normal faecal value of 2 The vitamin A level of the hver had 
not fallen very much, hut the ^es and the Indnevs had been 
depleted, 97% of the total vitamm was found m the 
hver 

The results recorded m Tables 16 and li need little 
disOTiMion Perhaps the major pomt is that despite the 
great changes mcidental to prolonged fastmg the overaU 
X/C quotient for the whole frog rises to 4 6 exactly ns m 
normal animals (3 6-4 6) over the same penod of the vear 
This seems to elumnate dietary influence and supports the 
idea of selective utilization of different carotenoids 

40 
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Table 16 Fat, carotenoids and vitamin A in female frogs kept 
in captivity for 25 weeks 

(Average decrease m body ■weight 35% Jleans not measured ) 


Organ 

Average ivt of 
organ as 
percentage 
of body wt * 

Fat 

(mg /frog) 

Vitamin A 
(pg/frog) 

Carotenoid 
(pg /frog) 

Xanthophyll 

Carotene 

Ijiver 

0 99 

1 29 

24 7 

74 

1 97 

Eye 

1 34 

0 72 

0 02 

— 

— 

Kidney 

0 23 

1 21 

0 074 

06 

2 09 

Skm 

9 01 

3 39 

— 

19 2 

2 71 

Ovanes 

6 20 

17 0 

— 

22 1 

10 2 

Immature ovanes 

1 19 

2 17 

— 

"8 7 

19 0 

Oviducts 

8 30 

6 19 

— 

1 3 

0 78 

Immature oviducts 

0 94 

— 

— 

03 

3 37 

Tongue 

0 83 

— 

— 

0 16 

4 92 

Pancreas 

0 025 

— 

— 

0 15 

11 0 

Lungs 

0 274 

— 

— 

0 13 

— 

Leg muscle 

9 47 

33 

— 

48 

7 25 

Oesophagus 

0 31 

— 

— 

0 12 

— 

Stomach 

0 76 

— 

— 

04 

1 78 

intestme 

0 43 

— 

— 

02 

0 37 

Large mtestme 

0 19 

— 

— 

0 05 

— 


* Compare Table 9 column 2 


Table 17 Distribution of ‘ xanthophyll’ among the 
freeform, mono and dt esters in the organs of fasted 


female frogs 

Percentage of total 
‘xanthophyll’ existmg 

A 

ns 

r 

Organ 

Di-cster 

Mono-ester Free form 

Liver 

8 

18 

74 

Log muscle 

4 

11 

86 

Skm 

09 

19 

12 

Oviducts 

26 

16 

00 

Ovanes 

37 

47 

10 

Immature ovanes 

20 

00 

14 


GENERAL CGhBIENTS 

The present study perhaps makes timely a general 
comment on the place of distribution studies m the 
groivth of ideas on the biological significrmce of 
particular compounds It is a very uncertam place, 
the pattern of distribution is a resultant of super 
imposed patterns, of mtake, assimilation, storage 
and utilization, of precursors and metabolites, and 
of enzyme capacities and ‘ detoxication ’ processes 
Sometimes distribution studies seem merely ■to add 
ne-iv difficulties, but at other times they suggest 
frmtful Imes of attack A few examples may be 
given 

Vitamin A The distribution da^ta ore consistent 
with storage m the h^ver and with localized function 
m the eyes, but the apparent absence of ntamm A 
from normal nerve tissue, bone and mucosa is sur- 
pnsmg m the hght of the pathology of a^vitammosis 
A Comparative biochemistry adds to tho com 
plexity, e g the basking shark is found to store no 
ntamm A m its fiver and the tunny fish to store 
enormous amounts 


Cholesterol Tho concentration of cholesterol m the 
adrenals pomtod to functions, the nature of which 
is clarified by the effects of stress or injections 
of ndrenocorticotrophio hormone On the other 
hand, the broad picture of cholesterol distribution 
merely emphasizes the inadequacy of existmg 
knowledge 

Provitamin D The occurrence of 7 dehydro 
cholesterol m skm fat is now seen to be significant, 
but its presence m ripe frog ovaries, m mtestmal 
mucosa and m the sterols from worms is no easier to 
imderstand than tho high concentration of ergo 
sterol m y^east 

As was imphed at tho outset, this mi'ostigation was 
prompted by the idea that carotenoids may have 
functional significance m at least some animals The 
advantage of the frog is that carotenoids are present 
at all stages m the hfe cy'cle , its disadvantage is that 
possible Okies maj'^ be masked by the casual eoo 
logical variables and by shiftmg enzyme capaci 
ties In the present state of carotenoid biochemistry 
the need is to find a bodily site or a developmental 
phase marked out by the distribution as possessing 
special mterest 

Research m the field is halted by the lack of 
serviceable hypotheses The present work suggests 
that (o) beneath much that may be casual there are 
strong suggestions of significance, (b) m both males 
and females, the sexual cycle exhibits patterns of 
storage, transfer and disappearance of carotene and 
xanthophyll, consistent with mdependent and 
significant roles , (c) the whole method of approach 
is m essence exploratory and its a im is to pro- 
voke the experiments which turn surmises mto 
certamties 
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STOEMARY 

1 The ooourrence of carotenoids and vitamm Am 
frogs {Sana temporana) and tadpoles has been 
studied and new metrical data have been obtamed 
on size and weight 

2 Analytical methods for the accurate and speedy 
determmation of carotenoids and vitarmn A have 
been described and tested 

3 "UTiole tadpoleswere studied at different stages 
of development and the changes m total ‘xantho 
phyll’ and carotene content recorded The presence 
of chlorophyll is ascribed to green food undergomg 
digestion The ‘xanthophyU ’/carotene quotient 
dechnes from about 9 to about 3 as development 
proceeds Yitamm A was detectable m tadpole 
eyes 

4 The weights of frog orgems expressed as per 
centage of body weight are recorded and maximiun 
and minimum values given when variations are con 
siderable Much of the carotenoid actually mgested 
IS contained m undigested food present m the ah 
mentary tracts of insects or other prey Tlie frog does 
not mgest preformed vitarmn A but converts caro 
tene to the vitarmn About 85 %ofthe total vitarmn 
occurs m the hver (mamly as ester) , the remainder is 
normally about equally divided between kidneys and 
eyes Frog kidneys contam a higher proportion of 
vitarmn A than do mammalian kidneys Most of the 


vitarmn A m the eye is ester, stored m the choroid 
Carotenoids are dispersed over most organs but qmte 
unevenly The deposition of carotenoids m the 
ovaries is so large that a marked difference results 
between the sexes m carotenoid storage and utihza 
tion 

6 Mature ovaries contam m relatively high con- 
centration a substance showmg the four absorption 
maxima characteristic of 7 dehydrocholesterol and 
ergosterol 

6 Data have been obtamed on the seeisonal vana 
tion m different organs of some or all of the foUowmg 
carotene, ‘xanthophyU’ (free, mono-ester, di ester), 
vitarmn A (free and estenfied) and total fat The 
results on normal and fastmg frogs reveal (o) the 
retention of hver reserves m hibernation and m 
amtion, (6) weU defined seasonal variations m the 
carotenoid storage of different organs, (c) some mdi 
cation of the contmuance of carotenoid metabolism 
dunng hibernation, id) the overwhehnmg quanta 
tative importance of the ovarian requirements, 
(c) a dram on vitamm A reserves durmg reproduction , 
(/) the distmot patterns of storage and utilization of 
vitarmn A, carotenes, ‘xanthophylls’ and fat m the 
frog 

We are indebted to the Medical Research Conned and the 
Mmistiy of Food for financial assistance One of ns (D G R ) 
held an Evans, Lescher and Webb Studentship and later 
a Johnston Fellowship m the Umversity of LiverpooL 
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There are considerable differences between physico- 
chemical and biological results of vitamin A estima- 
tions, owmg to the fact that the ‘ analyst detemnnes 
the proportion of a substance present, whilst the bio 
assayist determines an effect’ (Morton, 1942) The 
biological vitamin A value of food or pharmaceutical 
products IB the sum of the values of all substances 
present havmg vitamm A activity, such as preformed 
vitamin A, either as the free alcohol or esters, and 
various carotenoid pigments The response of the 
expenmentaJ animal to a given dose of test sub 
stance is dependent upon the absorption and utihza- 
tion of vitamm A and its precursors, and is influenced 
by the digestibihty of the food and the absence or 
presence of antioxidants Physicochemical estima 
tions of the vitamm A content of a product, on the 
other hand, depend m the first instance on deteimi 
nations of mtensity of absorption m the region 
326-328 m/x where vitamm A shows its maximal 
hght absorption Allowance may have to be made 
for irrelevimt absorption 

To convert extmction coefficients, as dotermmed 
by physico chemical means, to biological units, a 
conversion factor has been adopted This factor, 
however, is chiefly based on the results of the cura 
tive ‘growth’ method (Coward, 1947) winch, al 
though not specific for vitamm A, is more accurate 
than methods based on exammation of the vagma or 
the eye (xerophthahma) The results of various doses 
of vitamm A upon pathological changes in the 
central nervous system of the rat led Irvmg & 
Richards (1940) to suggest that such changes might 
form the basis of a prophylactic assay of vitamm A 
At weanmg, rats were placed on a ntamm A- 
deficient diet and graded doses of the vitamm were 
administered When after 7 weeks the rats were 
kiUed, degeneration was foimd m those receivmg 
1 1 u or less daily, but not m those receivmg 1 6 1 u 
or more, and the demarcation was extremely 
sharp 

The work presen tedhere was undertaken primarily 
to determme the smtabflity of the method suggested 
by Irvmg & Richards as a prophylactic assay 
Ansmg finm this, the accuracy of the present day 
values of the conversion factor was also mvestigated 

* Present address Western Provinoe Emit Researoli 
Station, StellenboBcli, OP, South Africa 


Degeneration in the central nervous system 
due to vitamin A deficiency 

Degeneration of the central nervous system m 
young swme, as a specific symptom of vitamm A 
deficiency, was described os early as 1914 by Hart & 
McCollum (1914, cf Hart, Miller «& McCollum, 1916) 
Tlioir ration contamed a high proportion of cereals, 
and it was believed that cereal toxicity was the 
cause of nervous degeneration An unknown factor 
(vitamm A) ‘associated with butter fat and certam 
other fats and found in considerably higher con- 
centration m the leav es of alfalfa ’ had a protectwe 
action agamst nerv ous lesions 

MeUanby (1926) reported severe degeneration of 
the nervous system m puppies placed on lugh cereal 
diets, and stressed the toxicity of cereals m the 
absence of fat soluble vitamms He suggested the 
name ‘toxamm’ for the harmful substance and 
asenbed its toxicity to mterference with calcification 
of bones His belief m the toxicity of cereals as the 
cause of degeneration was held for monj years 
(MeUanby, 1930, 1931, 1934) Subsequent workers 
have not, hou ever, supported it Hughes, Lienhardt 
& Aubel (1929), who described nerve degeneration m 
pigs resultmg from avitaminosis A, stated ‘In no 
case, BO for as we are aware, has anyone reported the 
findmg of pathological changes m the nervous 
system accompanjung avitammosis A ’ Zimmer 
man (1933) produced lesions m the nervous system 
with a diet eontarmng no cereals Em aUy, Imng & 
Richards (1938) replaced the cereal component of 
the diet by a mixture of tapioca starch and pure 
glucose (2 1) and proved that the behef m the toxi- 
city of cereals was not justified 

Age IS an essential factor m the production of 
nerve lesions m vutamm A deficieney The mam 
factors are the amount of vitamm A stored m the 
animal body at the beginning of the experiment and 
the effect of rapid growth m the early stages This 
has been found by Suzman, MuUer & TJngley (1932), 
Eveleth & Biester (1937), Wolbaoh & Howe (1926) 
and Wolbach & Bessey (1940, 1941) 

That loss of weight alone does not account for 
paralysis or degeneration m the cord, was shown by 
several workers (Aberle, 1934, Wolbaoh & Bessey, 
1940, 1942) Rats received a diet adequate m 
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vitamm A but restncted m amount, so that theu: 
■weights paxalleled those of htter mates on a vitamm 
A deficient diet All the rats died after approxi 
mately the same experimental period, but, m con- 
trast 'With the controls, those receiiung ■vitamm A or 
carotene showed no paralysis or degeneration of the 
cord It was also demonstrated that neither toco 
pherol (Wolbach & Bessey, 1942) nor unsaturated 
fatty acids (Zimmerman, 1933, Zunmerman & 
Co^wgiU, 1936) affects the development of nervous 
lesions 

The general picture of vitamm A deficiency de- 
generation m the central nervous system of the rat 
has been descnbed by Irvmg & Richards (1937, 
1938) Maximum degeneration was usually found m 
the fumculus praedorsahs at the level of, or just 
below, the pyramidal decussation The degeneration 
gradually became less, and more diffusely spread, at 
lower levels m the cervical cord Microscopical 
examination of a cross section revealed the site of 
maximal degeneration m the anterior columns As 
the sei'erity of the lesions mcreased, the posterior 
columns and especially the column of Burbach, and 
the spmo cerebellar tracts, gradually became more 
affected, though the degeneration never reached the 
same mtensity as m the fumculus praedorsahs 
Irvmg &Rioliards (1937) stated that the ‘uniformity 
■with which the condition described occurs m every 
one of the rats examined is m striking contrast ■with 
the vanabihty m pathological condition, and m the 
occurrence of epithehal metaplasia found m animals 
m advanced a^vitammosis A. The fact that this 
degeneration m the medulla occurs ■with such uni 
fonmty before the weight curve is affected to any 
extent, suggests that it is one of the fundamental 
lesions of "vitainm A deficiency ‘ 

The causation of nerve degeneration in wtamin A 
deficiency No worker has so far produced a theory 
winch satisfactonlj accounts for this That -vitamm 
A plays an important role m calcification of bones 
was pomted out by Copp & Greenberg (1946) They 
found that fracture caUus was much smaller m the 
deficient rat than m the normal ammal and the calci- 
fication was less active Mellanby (1938, 1941, 
1947) postulated that vitamm A deficiency upset the 
regulation of skeletal gro'wth by means of mter 
ference ■with the activity of the osteoblasts and 
osteoclasts On a surface where osteoclasts were 
normally active, their activity could be suppressed 
and that of the osteoblasts might predommate and 
■vice versa The resultmg bony overgro^wth caused 
pressure on the central nervous system and peri- 
pheral nerves by squeezing and stretching and 
resulted m degeneration due to mechamcal mjuries 

Wolbach & Bessey (1940, 1941, 1942) and Moore 
A Sykes (1941) agreed -with Mellanby that degenera 
tion was caused bj mechamcal mjunes due to 
pressure They, ho we^r, ascribed this to causes other 


than bone gro-wdih The bones ceased to grow ■with the 
establishment of ■vitamin A deficiency, which caused 
a disproportionate gro'wth of the central nervous 
system m relation to its bony enclosure Attention 
■was also dra'wn to the possibfiity that -vitaimn A 
deficiency accelerated the grcwth of the central 
nervous sj'stem (Wolbach & Bessey, 1940) 

Another factor that needs ■to be considered here is 
the morease m spmal flmd pressure that accompames 
vitamm A deficiency, as was found by Moore & Sykes 
(1940, 1941) m bo'vmes It -was suggested by these 
workers that moo ordmation and nervous lesions 
might be related to moreases m the cerebrospmal 
flmd pressure This was due to an mcreased volume of 
the cramal contents, caused by either a relative 
overgro'wth as mdicated by Wolbach & Bessey, or to 
bone overgrowth as postulated by Mellanby 

These data mdicate that, whatever the mechanism 
of ■vitamm A deficiency degneration may be, it is still 
obscure As far as the hypothesis of cessation of bone 
growth IS concerned, the ■work of Orr & Richards 
(1934) and of Irvmg (1948) disproves it Bone over 
growth and mcreased mtracramal pressure have 
been de fini tely demonstrated If, however, de 
generation was due ■!© any kmd of pressure effect, an 
even distribution of demyehna^ted fibres would be 
expected m a cross section of the cord and not the 
well defined degeneration that has been found 
always to occur m the same tracts 

EXPERIMENTAL 

Did The composition of the ■vitamin A &eo diet waa as 
follows Casern, 17, potato starch, 47, araohis oil, 14 1, 
brewer s yeast, 17 2, salt mixture (McCollum 186), 4 7% 

©■wing to post-war restnotions it was impossible to ob 
tarn cornstarch and so potato starch was used instead The 
arachifl oil was obtamed m one gallon tins and ■was of a good 
quality The colour varied from a light straw colour to light 
bro'wn and no ■vitamm A or carotenoids could be detected m 
It by the SbCI, test Before usmg a new tm it was fortified 
"With calciferol so as to obtam approximately 100 LU. 
ntamin D/kg of mixed diet It contained enough toco 
pherol to give maximum "vitaiiim A protection The casern 
"was extracted -with 96% ethanol for about 7—8 hr before 
usmg, care being taken not to overheat the casern durmg 
this treatment, m order to avoid diarrhoea m the eipen 
mental animals. It is said that rats require no ascorbic acid, 
but to be on the safe aide one ground tablet, equal to 60 mg 
vitamm 0, -was moluded m eveiy 2 kg of diet The wtamm 
A free food mixture (without the araohis oil) was mixed m 
quantities of 3 kg at a tune Each day the necessary 
amount of this diy food mixture was weighed out and the 
correspondmg amount of KI solution (0 64 g /I ) added, 
namely 0 5 ml for every 70 g of the former The oil was 
nibbed m and afterwards enough water was added to make 
a stiff paste, which was crumbled up and put mto the food 
pots 

Bats Young rats of the Wistar Insbtate strain were 
employed Litters of more than nme were reduced to that 
number at birth The whole htter, mclndmg the mother, -was 
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placed on the vitamm A free diet 6 days before iveamng, 
which was done at 22 days of age Tins procedure had been 
adopted by Irving A Bichards (1938), who found that it 
produced more consistent results, and that the test animals 
so treated showed signs of deficiency 7 or more days before 
those not put on the deficient diet before weanmg 

As a general rule, the fitters contamed more females than 
males To save time and matenal, two different preparations 
were tested simultaneously against the same standard and 
with three groups for every oil solution, each assay con 
sisted of nme dosage groups With a limited number of 
fitters, it was not always possible to start such an oxpen 
ment with equal numbers of males and females (6, 6) m each 
group The distribution was, therefore, always earned out 
with the mam object of startmg an expenment with ten rats 
m each group which consisted as far as possible of five males 
and five females and to minimize the mfluence of litter 
venations 

Otis tested Biological expenments were earned out on 
samples of the following, the spectroscopic chamctenstios 
(Table 8) of which were also determmed first 

(1) Vaalhaai {Oaleorhinus capensis) fiver oil 

(2) Vitamm A acetate m arachis od 

(3) Vitamm A distillate m arachis oU 

(4) Snoek (Thyrsxtes atun) fiver od 

(6) Hake (Merluccnts capensis) fiver od. 

(6) Tuna (Oermo albacora) fiver od 

(7) Dogfish {Squalus species) fiver od 

(8) Stonebass (Polypnon americanus) fiver od 

Except for the vitamm A acetate and distillate the rest 
were natural fish fiver ods, where the ntomm A exists 
chiefly m the form of esters Dctcrmmations of extmction 
coefficientswere made with the Beckman spectrophotometer 
usmg cyclohexane as solvent and only m the case of the 
dogfish fiver od was the estimation earned out on the im 
saponifiable fraction The vitamm A acetate and the distil 
late were dissolved m arachis od to an H value of about 7 
and the spectrophotometno estimations were earned out on 
the solutions 

Conduct of the experiment To obtam the final dosmg 
solutions, the ods were dduted m steps with arachis od to 
a potency of about 60 i u /g as calculated from the EJ ^ 
values usmg 1600 as conversion factor Fresh dosmg solu 
tions were made up every 2 weeks from a solution of mter 
mediate strength All the oils were stored m the refngerator 
m glass stoppered bottles International ^ carotene 
standard and vitamm A acetate were used as biological 
standards and each experiment was a companson between 
standard and test od responses which were obtamed simul 
taneously The solution of crystaUme vitamm A acetate was 
made up m pure arachis od to on ^ value of 0 86 This 
was used as a standard of reference m a further dduted form 
after standardization against the International carotene 
standard Thus the j3 carotene preparation was accepted 
as the primary standard throughout The DSP vita min A 
acetate standard was not used The acetate referred to was 
a orystalfine preparation obtamed commercially 

Dosmg started at the beg innin g of the experiment and 
vitamm A was administered orally every 3 days by means of 
a tuberoufin syrmge with a micrometer screw attachment, 
which released a standard drop ofOOlg (=06iu vitamm 
A) per turn. Prelimmaiy expenments showed that satis 
factory results were obtamed when vitamm A was admm 
istered every thud day The different dosage groups re- 
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ceivcd, therefore, 1, 2 and 4 turns per rat every third day, 
which was equal to approximately 0 2, 0 4 and 0 8 1 u of 
tlus vitamm per day These three levels were selected smee 
it was expected that the dosage response curve would bo 
a straight Imc when the response was plotted agamst the 
log of the dose Oinng to the possibility that the time of 
dosmg might have an influence on the absorption and 
utilization of vitamm A and p carotene, dosmg was always 
earned out before feedmg The test penod lasted for 35-42 
days and the weights and eye conditions were taken as 
ontena ns to when to stop the expenment, when the rats 
were killed with coal gas 

Histological examination of the central nervous system In 
the demonstration of degeneration m the nervous sj'stem, 
most workers prefer to use the Marchi method, whilst 
Kultschitzky’s stam and polarized fight (Lee A Sure, 1037, 
Setterfiold A Sutton, 1935) are less often applied In the 
present expenments the JIarchi technique was employed 
Irvmg A Richards (1938) showed that, if proper precautions 
were taken, this method gave refiablo and reproducible 
results, the method emploied followed m the mam that 
adopted by them Though the Jlnrchi tcchmquo is usually 
considered rather slow, a procedure was ei oh cd whereby 
it was possible to embed eightj medullas m 1 day A 
rdsumfi of the method is therefore given for the benefit of 
other workers who may use this method of assay 

Eats were killed with coal gas m groups of about ten each 
Part of the skm and the muscles on the back u ere removed 
to expose the skull and upper cervical vertebrae but with 
out romovmg the cars, which had distmctivo markmgs The 
cranium and spinal canal were opened with great care to 
avoid injunng the medulla Havmg finished that operation, 
the skull with the central nervous system msido was cut off 
from the rest of the body Owmg to the tension of the liga 
ments the cervical vertebrae were then pulled at an angle to 
the skull To avoid fkxmg the medulla m that nght-angled 
jiosition, the axis of the skull was aimed with that of the 
spmal cord by msertmg a sharpened match stick through 
the trachea into the mouth 

The skulls of the rats belongmg to different dosage groups 
wore placed m bottles contammg 2 6% (w/v) aqueous 
KjCtjO, solutions with oorrespondmg labels After 6 davs 
the dissection was completed by romovmg the lower medulla 
and upper cervical cord (subsequently referred to as the 
medulla), which was transferred to the same strength of 
K_Crj 07 solution m a cork stoppered, flat-bottomed speci 
men tube, where it remamed for a further 6 days The 
nervous tissue was very soft at that stage, and it was 
necessary to handle it with the utmost care to avoid 
squashmg it between the fingers 

The 2 6 % KiCr_0, solution was next poured out and 
about 3 ml of a mixture consistmg of one part of a 1% 
(w/v) osmio acid solution m two parts of a 6 3 % (w/v) 
solution of K.CtjOj, thoroughly mixed m a glass stoppered 
measurmg cyfinder, was put mto the tube contammg the 
specimen. That solution was changed for a similar one after 
6 days for the same period The tissues were then washed, 
dehydrated m ethanol, cleared m CHClj and embedded m 
paraffin. 

Sections (10 p) wore out serially startmg firom the cord 
end Two out of every ten were taken and arranged m 
sequence on the microscope shde m two parallel rows of ten 
each As a general rule, Marohi stamed nervous tissue is 
very bnttle, but the use of the foDowing precautions seemed 
to improve the method, and sections without any cracks 
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were obtained Care was taken to perform the tronafercnco 
of the medullas from the CHCl, to the wax baths as qtuokly 
as possible, lest the tissues should dry and cracks appear by 
shrinkage A vacuum oven was used for the embedding and 
it was found important to decrease the pressure very 
gradually as a rapid decrease also resulted m oraoks 
Criterion of response. Irving A Richards (1938, 1940) mdi 
cated the degree of seventy of the nervous lesions by 
numbers according to the following scheme stage 1 - , 
a very few fibres degenerated , stage 1, a few scattered fibres 
degenerated, stage 2, well marked degeneration, stage 3, 
very marked degeneration, stage 4, heavy degeneration 
They added that the degree of degeneration represented 
by the numbers of 1 and 1 — was of no significance, smce 
an exactly simil ar effect was observed m positive controls 
and stock rats, and was an artefact of the Marohi technique 
This experience was not confirmed m the present work. No 
degenerated fibres could be detected under the low power of 
the microscope m stock rats and positive controls, and the 
slightest degeneration found in the experimental rats was, 
therefore, taken as an indication of the first vitarum A- 
deficiency symptom 


The classification used by Irving A Richards was found to 
bo unsmtable for assay purposes smce statistical methods 
could not be apphed It was found, however, that with a 
little expenenoe the degeneration could be divided mto six 
different stages, thereby mcreaamg the accuracy of the 
estimation. 

With the object of obtainmg a positive curve of response 
it was decided to use the degree of protection against 
degeneration as the criterion of response The value 0 was 
assigned to a section showing maximal degeneration to 
mdioate that the degree of protection agamst degeneration 
was 0 m this case A section with no degenerated fibres 
received the value 6 mdicating full protection (See Figs 
3-8, Pis 6 and 7 ) 

For the classification of the shdes, two imoroscopes with 
mechanical stages were used Shdes belongmg to the same 
assay were fust classified roughly with one microscope m 
different groups according to their ‘stage of protection' 

A standard shde, say of stage 4, was next put under one 
miorosoope and shdes which were expected to show apptoxi 
mutely the same protection were eiammed mdividually 
under the other microscope By finding first the section m 


Table 1 JSshmated degree of protection against myeltn degeneration tn male rata 
given by different doses of vitamin A 

(Each numbered experiment gives the result of assays earned out simultaneously The Intemational Standard was the 
^ carotene standard preparation, as issued by the National Institute for Medical Research, which was used after further 
dilution with pure araohia oil to a potency of 60 1 u /g The ntamin A acetate solution (Fj 6 85, see p 630) was prepared 
from orystallma matenak The letters (o), (6) and (c) below and m the following tables refer to duphoate or tnpheate assays 
earned ont on the same preparation The potency ofhver oils was roughly assessed by the gross value xlOOO dj = 
degree of protection.) 


/ > 

0 2 1 n /day 0 4 1 u /day 0 8 1 u /day 


Exp 


' No 


“V t 

No 


/ 

No 


no 

Preparation 

males 

V P 

males 

D P 

males 

D P 

1 

Intemat Std (a) 

3 

15 

4 

60 

4 

10 0 


Vaalhaai hver oil (a) 

3 

20 

3 

4 0 

4 

95 

2 

Intemat Std (6) 

2 

1 6 

4 

20 

4 

46 


Vaalbaai hver oil (6) 

2 

06 

4 

26 

4 

66 

3 

Vit A acetate (a) 

3 

65 

4 

11 6 

4 

14 0 


Inteniat Std (a) 

3 

70 

4 

95 

4 

10 0 


Wt A distfllate (a) 

3 

86 

4 

00 

4 

16 6 

4 

Vit A acetate (6) 

5 

10 0 

6 

10 5 

5 

10 6 


Intemat Std (6) 

6 

96 

6 

96 

5 

16 0 


Vrt A distillate (6) 

5 

12 6 

6 

14 0 

4 

16 6 

6 

Snoek hver oil (o) 

4 

36 

4 

76 

5 

13 0 


Vit A acetate Std (a) 

4 

1 6 

6 

06 

4 

10 0 


Hate hver oil (o) 

3 

16 

4 

76 

6 

16 6 

0 

Snoek hver oil (6) 

6 

40 

6 

10 0 

5 

10 6 


Vit A acetate Std (6) 

6 

66 

5 

60 

6 

18 5 


Hake hver oil (6) 

6 

70 

6 

10 0 

6 

15 0 

7 

Tuna hver od (a) 

6 

60 

6 

12 0 

5 

19 0 


Intemat Std. (o) 

6 

60 

6 

116 

6 

19 0 


Hogtish hver oil (a) 

4 

46 

6 

85 

6 

190 

8 

Tuna hver oil (6) 

5 

26 

6 

10 5 

6 

14 6 


Intemat Std (6) 

6 

70 

6 

86 

5 

16 6 


Dogfish hver oil (6) 

6 

40 

4 

46 

5 

11 0 

9 

Stonebass hver oil (a) 

5 

15 

4 

20 

6 

13 0 


Vit A acetate Std 

6 

46 

G 

65 

6 

18 6 


Stonebass hver od tb) 

4 

26 

5 

86 

4 

SO 


Vaalhaai hver oil (e) 

4 

20 

4 

60 

5 

12 6 


Totals 

111 

123-0 

120 

205 0 

121 

357 5 


Weighted means 


1108 


1708 


2 964 
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the tTvo rows reveahng the maxunal degeneration and, 
Beoondly, by comparing the number and size of the black 
areas m this section with those of the standard under the 
first microscope it was easy to recognize the actual stage of 
protection. If the hlack spots showed a similar intensity to 
that of the standard, that specific shde was taken as stage 4, 
while a httle more degeneration denoted stage 3 5 and a 
httle less stage 4 6 This procedure was repeated for evciy 
group After a little expenenoe had been gamed, it was 
found that the classification of the same shdes undertaken 
a few weeks later showed no significant difference 

RESULTS 

Difference m response of males and females 
Coward (1932) described the difference m response to 
vitamin A dosage of male and female rats She 
found that males gave results with a greater standard 
deviation than that given by female rats However, 
the steeper slope of the curve of response of the 
former caused them to give results of greater 
accuracy than those obtained with female rats 
Brenner, Brookes & Roberts (1942) obsem^ed a sigm- 
ficant sex difference m the liver storage of ntamm A 
m rats ‘The females stored and retained more 
vitamm A in the liver than the males, while the 
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males had higher blood values ’ Using the fluor 
eseence teclinique to demonstrate ntaimn A m the 



Fig 1 Curve rclatmg the degrees of protection of the 
central nervous system m male and female rats to the 

lognnthm of the dose of vitamm A , females, 

, males 

h\er. Popper A Brenner (1942) came to the con- 
clusion that ‘ Durmg depletion the hvers of male rats 


Table 2 Estimated degree of protection against myelin degeneration in female rats 
given by different doses of vitamin A 

(See snb heading to Table 1 ) 


Dose 

- — * , - - --- - - 

0 2 1 u /day 0 4 1 u /day 0 S 1 n /day 


E-xp 


No 


No 


No 


no 

Preparation 

females 

D P 

females 

D P 

females 

D P 

1 

Intemat Std (d) 

0 

00 

6 

270 

5 

21 0 


Vaalhaai hver oil (a) 

0 

12 0 

5 

10 6 

5 

20 5 

2 

Intemat Std (6) 

6 

40 

4 

86 

4 

16 5 


Vaalhaai liver oil (6) 

5 

55 

4 

46 

4 

85 

3 

Vit A acetate (a) 

8 

210 

0 

2X6 

0 

24 6 


Intemat Std ( 0 ) 

8 

255 

6 

20 6 

0 

23 5 


Vit A distillate (a) 

8 

23 6 

0 

ISO 

G 

25 6 

4 

Vit A acetate (6) 

5 

11 0 

6 

17 6 

5 

22 0 


Intemat Std lb) 

5 

14 5 

6 

19 6 

6 

22 0 


Vit A distillate (6) 

5 

10 6 

6 

18 0 

6 

20 0 

5 

Snoek hver oil (a) 

a 

110 

0 

16 5 

6 

12 0 


Vit A acetate Std (o) 

0 

80 

6 

12 6 

6 

21 0 


Hake liver oil {a) 

0 

10 5 

0 

19 5 

5 

20 6 

6 

Snoek hver oil (6) 

4 

36 

4 

96 

6 

20 0 


Vit A acetate Std (6) 

4 

00 

6 

55 

6 

22 0 


Hake hver oil lb) 

4 

90 

4 

11 0 

6 

23 6 

7 

Tuna hver oil (a) 

5 

12 0 

6 

13 5 

6 

22 6 


Intemat Std (a) 

6 

14 0 

6 

17 6 

6 

21 6 


Dogfish hver oil (a) 

5 

86 

6 

16 5 

4 

17 6 

8 

Tuna hver od (6) 

5 

76 

6 

13 6 

6 

220 


Intemat Std (i) 

5 

7 6 

6 

16 6 

6 

18 6 


Dogfish hver oil (6) 

5 

80 

6 

11 6 

6 

18 6 

9 

Stonebass hver od (a) 

5 

20 

6 

17 6 

6 

20 5 


Vit A acetate Std 

6 

12 0 

6 

13 6 

6 

26 5 


Stonebass hver od (6) 

6 

86 

6 

10 0 

6 

26 6 


Vaalhaai hver od (c) 

6 

90 

6 

13 0 

4 

13 0 


Totals 

144 

276 6 

133 

380 0 

131 

633 0 


Weighted means 


1 920 


2 867 


4 069 
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lose vitamm A faster than those of females There is, 
however, no sex difference with respect to method of 
utilization, as judged from the histologic picture ’ 
These observations are m accord with the results oh 
tamed with male and female rats as demonstrated m 
Tables 1 and 2 

The dosmg solutions were made up so as to con- 
tarn approximately 0 6 i u of vitamm A iier 10 mg 
MTien dosmg every 3 days, the 0 2 i u per day group 
of rats received 10 mg of this ody solution, while the 
0 4 and 0 8 i u per day groups were given 20 and 
40 mg , respectively The degrees of protection of the 
indindual rats were added together and appear m 
columns 4, 6 and 8 

By plottmg the average results obtamed m 
Tables 1 and 2 agamst the logarithms (to the base 10) 
of the doses the curves of response proved to be 
straight Imes (see Fig 1) 

The average protection of females agamst de 
generation was, however, 2 949/1 923 = 1 633 tunes 
that of the msdes and it was, therefore, justifiable 
to assume that the minimum vitamm A requirement 
of male rats (about 9 weeks of age) was about 1 6 
times that of females of the same age Several 
workers have shown that the vitamm A requirement 
IS a function of the body weight (Gudbert & Hart, 


1936, Hart, 1940, Calhson & Knowles, 1945, Paul & 
Paul, 1946) However, the latter alone cannot 
account for the sex difference m the dady require 
ment of this vitamm, or vice versa for the sex 
difference of protection agamst degeneration, smce 
it IS evident from the figures m Table 3 that the ratio 
of the body weights of male and female rats bears no 
relation to the protection ratio 

Curve of response The sex difference m the re 
sponse of rats to the same dose of vitamm A created 
a difficulty It was impossible to use one sex only 
owing to the limi tations m the breedmg facdities 
Two alternatives to solve the problem remamed, 
namely, to keep the females longer on expenmeat 
untd they reached a degeneration stage equal to that 
of the males, or to use equal numbers of males and 
females m aU the groups The former possibdity was 
considered unpraoticable owmg to the fact that it 
took more than 3 weeks to determine the stage of 
degeneration With limited numbers of rats the 
latter alternative could not be followed 

To overcome this trouble of sex difference and to 
obtam results which might lend themselves readdy 
to statistical analysis, Prof S J Pretonus of Steffen 
boseh TJmversity suggested personaUj' that an 
average factor should be calculated for each expen 


Table 3 Average weights of rats at the end of the test period 


Dose 


0 2 1 n /day 


0 4 1 u /day 


0 8 La /day 



JIales 

Females 

Moles 

Females 

Males 

Females 

Preparation 

(g) 

(g) 

(g) 

(g) 

(g) 

<g) 

Intemat Std (a) 

90 

85 

112 

89 

108 

90 

Vaalhaai liver oil (a) 

101 

84 

111 

87 

102 

93 

Intemat Std (6) 

86 

83 

92 

87 

109 

89 

Vaalhaai hver oil (6) 

84 

86 

97 

84 

113 

87 

Vit A acetate (a) 

136 

106 

140 

99 

161 

116 

Intemat Std (o) 

135 

108 

146 

104 

143 

110 

Vit A distillate (o) 

116 

107 

142 

108 

166 

109 

Vit A acetate (6) 

74 

74 

79 

73 

91 

74 

Intemat. Std (6) 

70 

73 

80 

70 

94 

82 

Vit A distOlate (6) 

72 

76 

78 

77 

98 

74 

Snoek hver od (a) 

81 

86 

100 

83 

113 

85 

Vit A acetate Std (a) 

75 

86 

102 

79 

91 

103 

Hake hver oil (o) 

85 

82 

96 

86 

103 

88 

Snoek hver od (5) 

88 

69 

94 

83 

109 

90 

Vit A acetate Std (6) 

91 

81 

100 

90 

112 

94 

Hake hver od (6) 

93 

70 

91 

84 

105 

87 

Tuna hver od (o) 

100 

80 

102 

86 

111 

68 

Intemat Std (a) 

96 

84 

100 

92 

112 

86 

Dogfish hver od (o) 

90 

81 

109 

89 

112 

88 

Tuna hver od (6) 

91 

81 

90 

84 

106 

94 

Intemat Std. (6) 

100 

86 

96 

95 

107 

95 

Dogfish hver od (6) 

93 

81 

105 

89 

111 

99 

Stonebasa liver od (o) 

75 

84 

91 

89 

106 

90 

Vit A acetate Std. 

90 

81 

96 

85 

113 

96 

Stonehass liver od (6) 

88 

82 

84 

89 

114 

81 

I aalhaai hver oil (c) 

85 

80 

86 

91 

121 

93 

Total* 

2441 

2170 

2626 

2271 

2910 

2380 

Averages 

94 

84 

101 

87 

112 

91 


Ratio males/fetnalea 


112 


116 


122 
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ment by which to multiply the response of every 
mdividual female m that assay, so as to obtam a 
reqionse corresponding to that of a male or vice 


Table 4 Estvmated protection against myelin de- 
generation given by different doses of International 
Standard p carotene 


(Protection is expressed m terms of the results on smgle 
rats, transformed as mdicated m text to e limin ate sex 


difiFerenoes ) 


Daily doses of 
International Standard 


02iu 04iu 08in 

DJP DP DP 


Totals 


10 

10 

06 

20 

16 

2 71 
0 68 
1 70 

3 60 
136 
10 
2-0 
06 

1 6 
20 
126 
0 32 
126 
0 96 
0 96 

27 24 


16 
30 
1 6 
30 
26 
3 06 
3 05 
1 70 

1 70 

2 37 
00 
20 
25 
20 
20 

1 90 

1 90 
0 96 
284 

2 21 

41 07 
2 0835 


36 
30 
36 
46 
45 
2 71 

2 37 

3 39 
3 05 
3 05 
30 
36 
36 
26 
30 
284 
1 20 
2 62 
284 
2 21 

00 74 
3 037 


Weighted means 1 362 


versa Such a factor represents the ratio of ax orage 
response of males to average response of females m 
the present experiments This suggestion was tested 
out and gave satisfactory results Such transformed 
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results were used m calculatmg the ■vutarmn A 
potencies of the different oils 

The log dose response curve with this method was 
a straight hue both for the p carotene standard 
(Table 4) and vitairun A containing oils (Table 5) 
The data of these two tables were used to plot the 
graphs m Fig 2 



Fig 2 Curve relatmg the degrees of protection of the 
centml nervous system to the lognnthm of the doses of 

P carotene standard and fish liver oils , p carotene 

standard, , fish liver oils 

Owmg to the fact that the response of rats to a 
gn en dose of vutaram A is subject to fluctuations, 
‘it IS absolutely essential that each test should be a 
comparison between the response gi% en to a dose of 
the tost substance and the response gi\ en to a dose of 
the standard at the same time' (Coward, 1947, p 2) 
Experimental rats must be distributed m equal 
numbers between the biological standard and the 
substances to be tested and the slope of the response 
cun e must be obtained from every mdivudual test 


Table 6 Estimated degree of protection against myelin degeneration given by different doses of vitamin A 


Dose 


0 2 1 u 

0 4 I u 

A 

0 S I u 

^ A 

t \ 

No of Value for 

No of Value for 

No of Value for 


Oil sample 

rats 

group 

rats 

group 

rats 

group 

Snoek ( 0 ) 

10 

9 76 

10 

10 34 

10 

24 90 

Vit A acetate Std (a) 

10 

0 05 

10 

16 01 

9 

21 06 

Hake (a) 

9 

7 47 

10 

18 63 

10 

28 IS 

Snoek (6) 

10 

6 17 

10 

16 89 

10 

22 93 

Vit A acetate Std (b) 

10 

9 22 

10 

16 02 

10 

32 17 

Hake (b) 

10 

12 68 

10 

10 82 

10 

29 62 

Tuna (a) 

10 

14 16 

0 

21 16 

10 

35 26 

Dogfish (a) 

0 

10 27 

10 

19 01 

9 

30 80 

Tuna (6) 

10 

7 23 

10 

19 03 

10 

28 37 

Dogfish (b) 

10 

0 05 

9 

11 76 

10 

22 67 

Stonebaas ( 0 ) 

10 

2 68 

10 

11 39 

10 

24 02 

Vit A acetate Std 

12 

10 90 

11 

11 39 

10 

24 02 

StonebaBS (6) 

10 

7 09 

10 

13 80 

10 

21 71 

Vaalhaai (c) 

10 

6 86 

10 

12 00 

9 

19 49 

Totals 

140 

119 44 

139 

220 88 

139 

374 39 

Weighted means 


0 8631 


1 6891 


2 6934 
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itself The slope from a previously constructed results are summarized m Table 7 A comparison of 
dosage response curi’e cannot be used, because the himts of error m this table and those given by 
Targe changes of slope may occur with time, and Gndgeman (1944) and Irwm (1937) for the 3 weeks’ 
these changes do not occur m a random fashion but curative ‘growth’ method mdioates that this histo 
exhibit a secular or quasiperiodic tendency The use logical method for the bio assay of vitamm A is as 
of a fixed elope therefore mtroduces an uncontrolled accurate as and possibly more accurate than the 
error for which it is impossible to allow Even if 3 weeks’ curative ‘growth’ test 


Table 6 Fluctuations in the slopes of the log dose response curies 


Section no 

Test oil 

— Standard 

Test penod 

Slope* 

1 

Vaalhaai (a) 

-Intemat Std 

2 m. 47-18 IV 47 

0 786 

2 

Vaalhaai (6) 

-Intemat Std 

24 m 47-6 v 47 

0 476 

3 

Vit A acetate (a) 
Tit A distillate (a) 

-Intemat Std 
-Intemat Std 

27 IV 47-29 VI 47 

27 IV 47-29 VI 47 

0 663 
0 647 

4 

Vit A acetate (6) 
Vit A distillate (6) 

-Intemat Std 
-Intemat Std 

1 VI 47-14 vu 47 

1 VI 47-14 vu 47 

0 636 
0 621 

6 

Snoek (a) 

Hake (a) 

- Vit A acetate Std 
-Vit A acetate Std 

21 VI 47-11 vm 47 

21 VI 47-11 vui. 47 

0 838 

0 966 

6 

Snoek (b) 

Hake (6) 

- Vit A acetate Std 

- Vit A acetate Std 

21 vu 47-7 LV 47 

21 vu 47-7 is: 47 

0 993 

1 000 

7 

'Tuna (a) 

Dogfish (d) 

-Intemat Std 
-Intemat Std 

12 vui 47-26 n 47 

12 vm. 47-25 ix 47 

0 954 

1 017 

8 

Tuna (6) 

Dogfish (6) 

-Intemat Std 
-Intemat Std 

14 IX 47-23 X 47 

14 IS 47-23 I 47 

0 914 

0 726 

9 

Stonebass {a) 
Stonebasa (6) 
Vaalhaai (c) 

- Vit A acetate Std 

- Vit A acetate Std 

- Vit A acetate Std 

31 X 47-12 xn 47 

31 X 47-12 n 47 

31 r 47-12 XI 47 

0 970 

0 816 

0 819 


* The values of these slopes are not of the same magmtnde as those previously used 


regular records of slopes are kept, and their standard 
deviation over a considerable period of tune calcu 
lated, this does not get over the difficulty For the 
variations are not random, and so this standard 
deviation givesno clue to the error of the slope at any 
particular tune’ (Irwm, 1944) This author demon 
strated further that it is faulty to take the position 
and slope of the response ourv e given by the doses of 
vitamm A standard as correct and to use that for 
calculating the potency of the test substance The 
correct procedure is to find the slope of the best 
fittmg straight hne through all the observed pomts, 
‘that 18 to say, it assumes that apart from samphng 
error the slopes provided by the standard and the 
test substance are the same The horizontal distance 
between the parallel straight hnes then provides an 
estimate of the potency ratio ’ 

A similar method of calculation was used m this 
v ork and Table 6 illustrates the fluctuations winch 
were found m the slopes of the response curves 
Tlie slopes found for every section show very good 
agreement, but significant differences exist between 
slopes of different assays, e g section no 3 and 
section no 6 These data therefore confirm the state 
ment of Coivord quoted above 

As the log dose response curve is a straight hne, 
the statistical method described m the British 
Standards Institution Specification no 911 (1940) 
was used to analyse the experimental data and the 


Table 7 Limits of error and conversion factors 

estimated for different vitamin A preparations 


(The average number of rats used in an assay of one oil 


was 30 ) 

Average 


Conversion conversion 


Oil sample 

factor 

factor 

Vaalhaai (o) 

(fc) 

(c) 

1805 

1669 

1391 

1618 

Vit A acetate (a) 

(6) 

1818 

1774 

1796 

Vit A distillate (a) 

(6) 

1465 

2469 

1957 

Tuna (a) 

(6) 

1776 

1684 

1730 

Dogfish (a) 

(6) 

1657 

1266 

1411 

Snoek (a) 

(b) 

1788 

1234 

1611 

Hake (a) 

m 

1961 

1683 

1817 

Stonebass (a) 

(6) 

1408 

1638 

1473 


Limits of 
error (%) 
84 2-llS 9 
fil 1-185 3 

74 3-130 9 
62 6-161 2 
64 6-179 5 
63 6-166 2 
67 9-292 2 

76 6-132 1 
78 4-126-8 

76 1-130 4 
69 4-136 8 

75 9-134 0 
71 8-134 0 
73 6-141 6 
75 7-133-0 

78 9-124 6 

77 0-128 0 


The given doses of both the vutamm A standard 
and the test oil were alwaj-s m geometrical progres- 
sion Tins did not apply to the total ntarmn A m- 
take, owmg to the fact that the rats received small 
but equal amounts of carotene derived from the 
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potato starch Such an extra allowance, although 
small, would obviously tend to mterfere with the log 
dose response relationship Therefore, a more satis 
factory vit amin A free diet would probably mcrease 
the accuracy of this method 

Correction for irrelevant absorption Until recently 
it was believed that the full mtensity of absorption 
at 328 m/i was duo to the presence of vitamm A 
This assumption was proved to be unjustiBed, owmg 
to the presence of irrelevant absorbmg substances, 
ei en m high potency ods and their unsaponifiable 
fractions 

The influence of the correction for irrelevant ab 
sorption, as suggested by Morton <L Stubbs (1946, 
1948) on the conversion factors obtamed m this 
work, IS illustrated m Table 8 


1949 

period The curative method is also earned out on 
animals which may differ widely m pathological 
condition, and this mam source of error is avoided by 
usmg the prophylactic method In this bio assay no 
animals need to be discarded 

SUMMABY 

1 Degeneration m the central nervous system is a 
charactenstio symptom of \utamm A deficiency m 
rats The Marclu technique is sufficiently accurate 
for followmg such degenorati\e changes m the 
myelm substance of the central nervous system, pro 
vided that it is properly used With shght modifica- 
tions m histological procedure it can be used for 
quantitative routmo work 


Table 8 Influence of correction for irreletant absorption on the conversion factor 



Average* 
potency 
(i u /g ) 

E 

A 


Conversion factor 

A 

Preparation 

i 

Observed 

Corrected 

! 

Observed 

Corrected 

Vaalhaai hver oil 

16,000 

9 20 

S 08 

1018 

1727 

Vit A acetate 

12,300 

0 86 

0 80 

1790 

1810 

Vit A distillate 

10,600 

844 

8 16 

1957 

2028 

Tuna hver oil 

129,900 

76 10 

07 50 

1730 

1925 

Dogfish hver od 

6,710 

4 05 

3 00 

1411 

1686 

Snoek hver od 

20,700 

17 04 

10 66 

1611 

1010 

Hake hver od 

13,900 

7 08 

7 26 

1817 

1924 

Stonebass hver od 

78,000 

63 37 

40 76 

1473 

1082 


Averages 16664 1’^®® 


* International ^ oarotene preparation accepted as primary standard throughout 
■f The average value for the hver oils only was 1603 


It IS evident from the data m Table 8 that a con 
version factor of 1600 is preferable for uncorrected 
E vmlues and that the conv^ersion factor of 2000 
which IS generally used m America, is definitely too 
high A higher conversion factor should bo used for 
corrected E values and the vmlue of 1800 suggested 
by Morton A Stubbs (1948) is supported by these 
data 

DISCUSSION 

The mam objection to the use of a prophylactic 
method is that it takes longer to perform than the 
curative test Time, labour and money, however, are 
saved at the feedmg stage of this assay, seemg that the 
test period is not longer than 6 weeks, whereas the 
depletion period of the curative method takes about 
6 weeks and the test period is at least 3 weeks m 
addition Thus, the experimental periods for this 
prophylactic method and the curativie test are 6, and 
at least 8 weeks, respectively 

The curative method has the further disadvantage 
that firequently rats have to be rejected at the end of 
the prehmmary period, because them weight curves 
render them ‘unsmtable’ for the test A further 
reduction m the number of available animals may 
result owmg to losses by death durmg the depletion 


2 A histological method for the biological estuna 
tion of vutamm A is described If groups of young 
rats are kept under the same experimental conditions 
and receiv^e graded d oses of vitamm A over a smtable 
range, equal proportional mcreases m doses produce 
approximately equal average mcreases m protection 
against degeneration m the central nervmus system 

3 There exists a significant difference between 
the response (protection agamst degeneration) of 
male and female rats to the same dose of vitamm A 
This difference mdicates that the minimum vitamin 
A requirement of male rats is about 1 6 times that of 
females of the same age Although it is generally 
assumed that vutamm A requirement is a function of 
body weight, the latter alone cannot account for the 
sex difference 

4 The vitamm A potencies of vitamm A acetate, 
vitamm A distillate and six natural fish hver ods 
were estimated by means of tliis histological method 
and correspondmg conversion factors were calculated 
to test out the rehabdity of the present conversion 
factors 

6 The experimental data were analjised statistic- 
ally with the result that the histological method 
seemed to he as accurate as, and possibly more 
accurate than, the 3 weeks’ curative ‘ growth ’ test 
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6 The calculated conversion factors indicate that 
1600 18 preferable to 2000 for unoorrected E values 
A higher factor should be used for corrected E 
values 

The author irahea to express his gratitude to Prof J T 
Irving for his enoouragement, guidance and oontmned 
interest in this vork, to Dr H M Schwartz for her highly 


esteemed advice and assistance, to Prof S J Pretonus for 
his advice m the carrying out of the statistical analysis, to 
Mr H Hall for taking the photomicrographs 

The author was awarded a research assistantship by the 
Council of Scientific and Industrial Research of South 
Africa to enable bun to cany out this work, for this, grate 
fill acknowledgement is made The expenses of the research 
were also home by the same body 
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EXPLANATION OF PLATES 6 AND 7 


Cross Ecotions of the medulla showmg different stages of 
protection against degeneration 
Marchi stamed sections of the cord do not lend themselves 
readily to photography, especially at lower magnifications. 
The contrast of the normal photomicrograph is insufficient, 
especially for oompansons of the lower stages of degenera 
tion To overcome this trouble and to produce a greater 
degree of contrast, it was found necessary to transpose 
tho negatives, which decreased the detail of the un 
and morcased that of the degenerated 

Figs 3-8 show tho an stages of protection against de 
generation, (a) m each case, shows the entire spmal cord 


(xl4) and (5) the correspondmg anterolateral column 
( x46), where the degeneration on which the classification 
was based chiefly occurred 

It IB evident from these photomicrographs that tho first 
degeneration m vitamm A deficiency occurs m the fumeulus 
praedorsahs and develops graduaUy m the columns of Goll 
and Burdach Even m the second stage of protection the 
posterior columns are affected to only a verv sbght degree m 
comparison with the degeneration m the anterolateral 
columns However, the seventy of degeneration m the 
postenor columns mcreases rapidly m the later stages and 
reaches the same degree as m the antenor columns when 
there is no protection 
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28 THE BIOSYNTHESIS OF o , m- AHD p CYAHOPHENYLGLUCUBONIDES 

By J N SJIITH 

Department of Biochemistry, St Mary's Hospital Medical School, London, TF 2 

{Received 3 Avgust 1049) 


Studies in progress in this laboratory on the fate of 
cyanobenzene m the rabbit (Smith & Williams, 1949) 
required as reference compounds the glucuromdea of 
the o , m and p cyanophenols Tliese compounds 
were made biosynthetically by feedmg the necessary 
phenols to rabbits and isolatmg the glucuromdes 
from the urme Onlyp cyanophenylglucuromde was 
isolated as such, the o and in glucuromdes bemg 
obtamed as crystaUme amides and triacetyl methyl 
esters 

EXPERniENTAL 

o Cyanophenylglucuromde 

0 Cyanophenol (1 6 g , m p 90°)* was fed m aqueous bus 
pension to a 3 6 kg rabbit No lU effects wore noted, and 
after 4 hr the unne (70 ml ) was coUeoted Tho urme gave 
negative teats with Benedict reagent, F0CI3 and dichloro 
quinoneohloroimide, but an mtenso test with naplitho 
resoromol The basic Pb acetate precipitate of tho urme was 
prepared as deaonbed m earhor papers (e g Smith i- 
WiUiams, 1948) The Pb was removed with HjS and tho 
aqueous residue taken to a gum »n vacuo This gum (o 
cyanophenylglucuromde) was soluble m 96% ethanol and 
water, but attempts to crystallize it or to form orystalhno 
salts with benzylamme or tnethanolamme were not success 
fill Urme coUeoted after 4 hr contamed only traces of the 
gluouromde The gum was dissolved m 6 ml 95% ethanol 
and methylated by shakmg for an hour with an excess of 
diazomethano m 160 ml diethyl other Tho mixture was 
filtered and the ether removed in vacuo leavmg a neutral 
gum which was presumably the methyl ester of o oyano 
phenylgluouromde This ester was now dissolved m a 
mixture of 10 mh acetic anhydride and 10 ml pyndme 
After 20 hr at room temperature, the mixture was diluted 
to 100 ml with water and cooled to 0° Crystals (1 36 g or 
26% of the dose) of the methyl ester of triacetyl p o-cyano 
phenyl-n-glueurontde were thrown out These were coUeoted 
and reorystaUized fiom absolute ethanol hgrom as long, 
colourless needles, m p 161-162° and [a]^° -71° (c, 4 9 m 
CHCJa) (Pound C, 66 46, H, 4 8, N, 3 4, OMe, 7 2 
CjoHuOioN requires C, 66 2, H, 4 9, N, 3 2, OMo, 7 1% ) 
The compound was sparmgly soluble m hot water, hot 
hgrom and CCl^, easily soluble m CHCI3, acetone, ethanol 
and ethyl acetate and insoluble m light petroleum 

P o Cyanophenyl-j>-glucurontdamide. The above acetylated 
ester (0 1 g ) was dissolved m 6 ml absolute ethanol, and the 
solution saturated with at 0° On standing overnight 
P o-cyanophenyUn-glueurontdamtde hemthydrate was de 


posited ns fine colourless needles It was rccrystalhzed from 
ethnnol/light petroleum and had m p 195° and [a]“ -78° 
(c, 1 3 m 60% aqueous ethanol) (Found C, 51 3, H, 6 0, 
N, 9 7, CjjHjjOjN. 0 6 H.O requires C, 61 6, H, 6 0, N, 
0 6%) Tho compound was soluble m water, sparmgly 
soluble m ethanol and msolublo m other and light petro 
loum 

m Cyanophenylglucuromde 

m Cj anophenol (2 g , m p 83°) ivas fed, as a suspension 
m water, to a 3 kg rabbit and the clear ycUow 4 hr urme 
(100 ml ), uhich gave only the naphthoresoremol test, was 
worked up ns for the o-compound m Gyanophenylglucu 
romde was obtamed as a gelatmons sohd which dried to a 
non crvstaUine powder soluble m 95% ethanol and water 
Tho powder was methylated m ethanol for 3 hr with excess 
ethereal diazomethano to give a gummy methyl ester This 
ester was acetylated as above and yielded 2 9 g (40% of 
dose) of tho ciystaUmo methyl ester of triacetyl P m cyano 
phenyl D-glucuromdc Its solubdity was similar to that of 
tho o compound On rccrystalhzation from absolute 
ethanol the compound formed colourless needles, m p 
160-167° and [a]^'’ - 37° (c, 3 2 m CHClj) (Pound C, 65 3 , 
H, 6 2, N, 3 7, OCH3, 7 2 C^H-jOjoN requires C, 65 2, H, 
4 0, N, 3 2, OCH„ 7 1%) 

P m Cyanophenyl n-glucuronidamide was obtamed bv 
treatmg the above ester (0 25 g ) m ethanol (4 mh) with 
NHj, and after keopmg the solution overmght the amide 
(0 1 g ) was precipitated firom the solution by ether On 
rccrystalhzation fium hot ethanol, the amide formed colour 
less needles of tho monohydmte, m p 207° (decomp ) and 
[a] j - 03° (c, 0 4 m water) (Pound C, 60 4, H, 6 3, N, 9 5 
CijHj 40 ,Nj H 0 requires C, 60 0, H, 6 2, N, 9 0% ) It was 
soluble m water and ethanol but not m benzene or ether 

p Cyanophenylglucuromde 

p Cyanophenol (1 6 g , m p 110°) was fed to a 3 kg rabbit 
as before A 4 hr urme (100 ml ) was collected which gave 
no colour with PeCla, no reduction with Benedict reagent 
but an mtense naphthoresoremol test On extraotmg the 
untreated urme with other, an extract was obtamed which 
gave feebly, with P0CI3, the colours charactenstio of a 
catechol derivative The gluouromde fiuction of the urme 
was separated by the Pb acetate procedure and the Pb fioe 
filtrate was token down tn vacuo to a thm syrup, which 
sohdified on standmg The sohd was treated with a httle 
water and the crystals (230 mg or 6% of the dose) of p 
cyanophenylglucuromde monohydrate filtered off Tho com 
pound on reorystallization firom water formed colourless 
needles, mp 140° (decomp) and [a]^ —92° (c, 3 6 m 


* All meltmg pomts are unoorrected 
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Table 1 Melting points and optical rotations of biosynthetic cyanophenylglucuronides and derivatives 


Tnaoetyl methyl 

Gluonromde ester of glnonromde Glnonromdamide 


Cyanophenol 

M.p in water 

Mp 

in CHCl, 

M.p 

wr 

m water 

ortho 

Not crystallized 

161’ 

-71“ 

195“* 

-78“t 

meia 

Not crystallized 

166-167“ 

-37“ 

207“t 

-63“ 

para 

140“t -92’ 

130-136’ 

-42“ 

210-213“ 

-72° 


* Hemihydrate -f In 50% aqueous ethanol J Monohydrates 


water) (Found C, 60 16, H, 4 9, N, 4 45 CuHyOjN. H,0 
requires C, 49 85, H, 4 8, N, 4 6% ) The glucuromde was 
soluble to the extent of 6 % m water, it was more soluble m 
ethanol but insoluble in ether 
The mother hquors after the separation of the orystallme 
gluonromde were evaporated to dryness, and the residue 
dissolved m a httle 95 % ethanol The solution, on treatment 
with ethereal diazomethane as before, gave a gummy 
methyl ester The latter, on acetylation with pyndme and 
acetic anhydride for 48 hr at room temperature and then 
pounng mto water, yielded the crystalhne methyl ester of 
inacetyl p p cyanophenyl n glucuromde (0 61 g or 9% of the 
dose) On rcorystalhzation from ethanol hght petroleum the 
compound formed colourless needles, m p 130-136“ and 
-42“ (c, 14m CHCl,) (Found C, 64 8, H, 4 76, 
N, 3 06 Ca,H„Oi(^l requires C, 65 2, H, 4 9, N, 3 2% ) 

^ p CyanophenyUo-glucurontdamide, Treatment of the 
above acotylated ester (0 3 g ) with ethanol saturated with 
NHj at 0°, yielded after Loepmg overmght no orystallme 
material However, on diluting the solution with light 
petroleum, the amide was thrown out as an od which 
gradually solidified (yield 0l6g) It was reoiystalhzed 
from ethanol benzene and formed fine colourless needles, 
m p 210-213’ (decomp ) and [a]” -72’ (c, 2 6 m water) 
(Found 0, 63 3, H, 6 1, N, 9 6 C„H„O.N, requires C, 
63-03,H,4 8,N,9 6%) 

DISCUSSION 

The properties of the o , m and p cyanophenyl- 
glucuroiudes nnd their derivatives are summarized 
in Table 1 

The only figure callmg for comment is the specific 
optical rotation of the methyl ester of tnocetyl 


o oyanophenylglucuromde which is nearly twice that 
of its isomers Tlie rotations of the three armdes are, 
however, of the same order It is known that the 
tetra acetates of some ortho substituted phenyl ^ 
gluoosides have anomalous rotations {see Pigman & 
Qoepp, 1948) when compared with tlie m and p 
isomers In view of this, the high negative rotation 
of tnacetyl o cyanophenyl § glucuromde methyl 
eater compared with the m end p isomers is not 
unexpected It may be noted also that the methyl 
ester of tnacetyl f o methoxyphenylglucuromde 
(Carton (feWiIhams, 1948, 1949)ha3[iIflD — 2I,660m 
ethanol, while tlie coixespondmg denvatives of 
^ m acetoxyphenyl- and jS p acetoxyphenyl gluou- 
romdes have [M]^ values about half of this ( — 1 1 ,466 
and ~ 10,296, respectively) m acetone 

One further pomt m tlus work is worthy of com- 
ment and that is that the mam bulk of the cyano 
phenylglucuromdes was excreted withm 4 hr of 
admmi^rmg the cyanophenols, none of wluoh was 
toxic at 0 6 g /kg 

SiraiMAEY 

1 The preparation of p oyanophenylglucuromde, 
by feedmg p cyanophenol to rabbits, is described 

2 The characterization of the biosynthetic o , 
m and p cyanophenylglucuromdes ns their amides 
and tnacetyl methyl esters, is described 

The author wisbea to thank Prof R T MTHiams 
for hiB Btimulatmg mterest and encouragement m this 
work, 
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PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 


The 280th Meeting of the Btochemtcal Society was held in the Biochemistry Department, King’s College, 
Strand, London, WO 2, on Saturday 22 October 1949, when the following papers were read 

COMMUNICATIONS 


Preformed Vitamin A in Northern Krill By S K KoirandS Y Thompson {National Institute for 
Research in Dairying, University of Reading) 


Wagner (1939) claims to have extracted 14 5 mg of 
pure ^ carotene from 1 kg of Crustacea (‘ Gattung 
der Euphansia superba Dana’) fo rming the food of 
Blue and Fm whales caught at the Lopra whahng 
station m the Faeroes It is generally accepted that 
astaxanthm pigments are the mam carotenoids of 
Crustacea and that j3 carotene is present, if at all, 
only m small amounts Blue and Fm whales hve 
m northern waters largely on two euphausuds 
Meganyctiphanes norvegica and Thysanoesaa tnermts 
(cf Emarsson, 1946) With the generous help of the 
Marme Station at Millport, Isle of Cumbrae, we 
obtamed specimens of Meganyctiphanes norvegica, 
of Thysanoesaa raschii, closely aJhed to T inermis, 
and of several other species of Crustacea all finm 
Loch 'Fyne A further mixed sample of Meganycti 
phones norvegica with small plankton and a sample 
of the common shrimp, Orangon vulgana, "were 
kuidly supphed by the Marme Biological Laboratory 
at Aberdeen 


mostly m the ester form, were found m Meganycti 
phones norvegica from Loch Fyne and m Thysanoesaa 
raachii The vitamm A fraction gave a typical 
Carr Price reaction, and the potency calculated on 
this basis agreed with that obtamed from the ultra 
violet absorption curve corrected for irrelevant 
absorption The fraction was further identified by 
its yellow fluorescence m ultraviolet hght and by 
mixed chromatography of the origmal extract with 
vitamm A ester and, after saponification, with 
vitamm A alcohol 

Our observations with Meganyctiphanes norvegica 
agree with those already reported on Euphausia 
superba Dana, the KFiU of antarctic whales 
(Thompson et al 1949, Kon & Thompson, 1949), 
and mdicate that, contrary to Wagner’s (1939) 
claims, those whales feed mg on larger Crustacea 
derive their vitamm A from preformed vitamm A 
and not from carotene A whale’s stomach may 
contam up to 1200 1 of Knll (Emarsson, 1946), and 


Carotenoids 


Vitamin A Total* 


Species 


m/g 

1 /g 

t 

Pg/g 

fig/g 

p Carotene 

Looahty 

shrimp 

Oil 

shrimp 

Oil 

Meganyctiphanes norvegica 

Loch Fyne 

16 

680 

42 

1900 

Famt trace 

Thyaanoessa raachii 


32 

496 

33 

600 

Famt trace 

Pandalua bonnieri 


2 1 

89 

24 

1000 

Famt trace 

Spirontocarua apinite 

liOoh Fyne 

1 0 

22 

27 

950 

Trace 

Crangon aUmanni 


04 

30 

6 

390 

Trace 

Meganyctiphanes norvegica, mixed 
sample with other phuikton 

Neighbourhood 

1 6 

146 

23 

2100 

Famt trace 

Crangon vulgana 

Bay of Holland, 
Stronsay, Orkneys 

02 

21 

6 

660 

Trace 


* Read at the absorption TnnTiTnnm for ^ carotene and calculated as such. 


The Crustacea were identified and placed m 
absolute alcohol unmediately after netting After 
extraction of the fat with hght petroleum and 
saponification, cluomntographic separation and 
met^irement of mtamm A and )3 carotene were done 
as descnbed by Thompson (1949) and Thompson, 
Ganguly A. Kon (1949) 

None of these Crustacea contamed more than 
traces of p carotene, but, as shown m the table, 
relatuoly large quantities of preformed vitamm A, 


such enormous quantities could, no doubt, account 
for the richness of whale liver m vitamm A The 
ongm of these stores has so far been m doubt 
because of conflictmg e\ idenco about the presence 
of vitamm A and active carotenoids m zooplankton 

Our grateful thanks are due to Dr E Ford for all the 
facilities at Millport, to Dr A P Orr for his generous and 
kind help there m the collection of specimens, to Dr C E 
Lucas for samples and to Dr J A. Lovem for constant 
interest and advice 

d 
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Naturally Occxirrliig Organo-sillcon Compounds 

{Umveratiy of Reading) 

The separation of an alcohol soluble fraction of 
plasma m -which were sihcon contauung compounds 
■was described by Holzapfel (1943) Ohlmeyer A 
Olpp (1944) described a procedure for the deter 
mination of the orgamo silicon compounds m tissues 
which mvolves them extraction from the tissues by 
ether alcohol, igmtion and fusion of the eirtract 
with sodium carbonate and the colorimetric deter- 
mmation of the sihcon 

In attempting to fractionate the alcohol extract of 
hver and egg, no agreement could he ohtamed 
between the quantity of sihcon m the alcohobc 
extract and the sum of the quantities m the 
fractions It would appear that, usmg the method 
of fusion m an open crucible, a loss is mcurred 
because of the volatility of tlie organo silicon 
compounds By applymg the techmque of the Parr 
bomb, combustion is effected without loss of 
volatile substances Values obtamed on on extract 
of egg yolk were higher and much more consistent 
than those obtamed by the method of Ohlmeyer & 

Olpp 

Method Water is abstracted from the tissue by 
the Dean and Stark procedure (Wame, 1942), them 
apparatus bemg modified to handle larger quantities 
of material 

The dry tissue is extracted under reflux -with 
ethanol for 10-20 hr (Experiments on olucken 
hver mdicated that extraction is complete after 
about 6 hr ) The ethanol solution is filtered and the 
filtrate is evaporated to a bro-wn fatty residue 
Approximately 600 mg of this residue is trans 


By P F Holt and Delbdke M Yates 

ferred to a mckel Parr micro bomb, the crucible 
of which IS half filled from a mixture of 0 2 g 
finely powdered sucrose and 6 g sodium peroxide 
The mixture is pressed hard mto the bomb which 
IS then closed and igmted, applymg a small flame 
from an oxygen coal gas hand blo-wpipe to the base 
of the crucible The bomb is cooled, unsealed and 
dropped mto water m a plastic beaker The sdica 
IS determmed colonmetricaUy m an ahquot of the 
resultmg solution after separation of phosphate by 
the method of King (1939) 

Results Smce the identity of the sihcon com- 
pounds IS unknown, it is not possible to determme 
the accuracy of the method by makmg known 
additions to a tissue extract and comparmg the 
recovery values However, a number of estimations 
has been made on tissue extracts by both the bomb 
method and that of fusion m an open crucible 
AVhilst the former method gives reasonably con- 
sistent values, the latter gives figures mvariably 
lower than those obtamed with the bomb and 
e-xtremely variable Examples of figures obtamed 
with an extract of egg yolk are given m Table 1 

Table 1 Silica content of extract of egg yolk 

(mg SiOj per 100 g extract ) 

Alkalme fusion Bomb method 

16 1 29 4 

111 30 7 

1 9 30 1 

14 0 29 8 

7 6 37 1 

17 4 32 3 
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The Quantitative Analysis of Ribonucleic Acids By R Makkham and J D Smith (Agricultural 
Research Gouncil Plant Virus Research Unit, MoUeno Institute, Cambridge) 

The recently developed methods of analysis of of the free bases and their ribosides The application 
purmes and pyrmudmes by paper partition chroma of these -techmques to the analysis of ribonucleic 
tography (Hotchkiss, 1948, Visoher & Chargaff, acids has, on the other hand, been comphcated by 
1948, Markham & Smith, 1949) have made it the lack of a satisfactory method of hydrolysis for 
possible -to detect and estimate min ute quantities freeing the pyrimidmes or their nucleosides quanti- 
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tatively, and little rehance cein be placed on pub 
lished values for the pynmidme content of these 
substances On the other hand, hydrolysis by 
N hydrochloric acid at 100° for 1 hr releases 
punnes as such and the pyrimidmes as nucleotides 
quantitatively We have found it possible to resolve 
this mixture in several ways uamg two drmensional 
chromatography or several runs m different 
solvents, but, with a view to simplifying the 


method as much as possible, we have mvestigated 
the effects of the alteration of water content and 
acidity on solvent systems based on the simple 
alcohols Usmg this mfonnation we have designed 
a solvent which wdl resolve guaiune, adenine, 
cytidyho acid, and undyhc acid on a smgle dimen 
sional chromatogram With this new teohmque it is 
possible to make a complete quantitative base 
analysis on as httle as 0 1 mg of ribonucleic acid 
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The Absorption of Vitamin A By Eva Eden and K C Sellebs (^Dunn Nutritional Laboratory, 
UmvereUy of Cambridge and Medical Research Council, and the Veterinary Investigation Centre, 
Institute of Animal Pathology, Cambridge) 


The absorption of vitamm A by the lymph stream 
has been demonstrated m several species (see 
previous commumcation, Eden & Sellers, 1949) 
Earher studies on tlie mecha n ism of vitamm A 
absorption by Gray, Morgareidge & Cawley (1940) 
showed that m the rat vitamin A esters were 
hydrols^ed m the mtestmal tract To our know 
ledge, the changes of the form of vitamm A durmg 
absorption have not been exammed m rummants, 
hence it was decided to repeat and extend the work 
of Gray et al (1940), usmg sheep and bovmea of 
varying ages as experimental arumals 

Twenty animals were dosed orally with vitamm A 
alcohol or ester (Distdlation Products Ltd ), 
emulsified m reconstituted separated milk The dose 
of vitamm A was adjusted to 6000 i u /kg of body 
weight and the animals were slaughter^ 4 hr after 
dosmg Tins was the tune mterval chosen, as 
previous experunents (Eden & Sellers, 1949) had 
shown that, although the rate of absorption of 
vitamm A was variable, it usually reached its 
maximum at this time The concentrations of 
vitamm A alcohol and ester were estimated m the 
blood before and after dosmg Estimations were 
also made on slaughter m the mtestmal contents 


and wall and m the lymph Vitamm A alcohol and 
ester were separated ohromatographically usmg a 
modified method of Hoch & Hoch (1946) (Further 
details of the techmcal procedure will be published 
later ) 

Four hours after the a dminis tration of vitamm A 
esters almost complete hydrolysis had ocourred m 
the mtestmal lumen of some bovmes, whereas m 
others hydrolysis was only partial Estimations 
performed on the mtestm^ mucosa at the same 
time showed that about 76 % of the absorbed 
vitamm A was m the ester form, and the same was 
true m animals dosed with vntamm A alcohol 
These results mdicate that the mtestmal wall is 
capable of esteniymg free vitamm A alcohol, but so 
far we have been unable to obtam evidence that 
esterified vitamm A is absorbed m its unaltered 
form After leavmg the mtestmal wall, the absorbed 
vatamm A apparently remamed estenfied, as the 
nse of the vitamm m the mtestmal lymph followmg 
administration of either form was mainly present 
m the ester form Confirmatory results have also 
been obtamed m experiments performed on sheep 
and newborn calves 
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Further Studies of the Biogenesis of Porphyrins in Rabbits By Helen jM Mura and 
A Nedbebgee {National Institute for Medical Research, Hampstead, N IV 3) 


The specific incorporation of the nitrogen of ^“N- 
labelled glycine into haemm has been clearly 
demonstrated by Shemm & Rittenberg (1946), and 
it has also been shown that the isotope is equally 
distributed between both types of pyrrole rmg 
(Muir & Neuberger, 1949, Wittenberg Su Shemm, 
1949) Of the two carbon atoms of glycme only the 
methylene carbon atom appears m the porph5Tm 
molecule (Grmstem, Kamen Moore, 1948, 
Altmann, Casarett, Masters, Noonan c& Salomon, 
1948) Rittenberg has also identified acetate as a 
precursor of porphjTms (Bloch Su Rittenberg, 1946, 
Radm, Rittenberg A Shemm, 1949) 

In the present mvestigation rabbits were mjected 
with the foUowmg three isotopic compounds 

COOH, COOH, CHj »COOH 

The blood porphyrm was isolated and degraded by 
oxidation by methods previoual}' described (Muir 
Neuberger, 1949) The relative activities of the three 


activities of the carbonate fraction indicate clearly 
that most if not all the methyno bridge carbon 
atoms are derived from the original glycme Tlio 
14Q/1SJJ ratio m the porphjTin, as compared with 
that of the glycme, shov ed that there are about 2 4 
times ns many carbon atoms derived from glycme 
ns mtrogen atoms If it is assumed that the four N 
atoms of porph3Tin come from glycme and that no 
extensive reversible dcammation of glycme takes 
place, it follows that all four methyne carbon atoms 
and at least ns many of the rmg carbon atoms are 
derived from the methylene group of glycme 
In experiments usmg isotopic acetates, the utili 
zation of the methyl group of methyl-labelled 
acetate is found to bo considerably more efficient 
than the utilization of the carboxjl group of 
carboxyl labelled acetate Furthermore, the distn 
bution of the carbon atoms from these two pre- 
cursors IS not the same In the case of methyl- 
labelled acetate, both kmds of p3Trole rmg are 


Table 1 


Substance administered 


Spooifio activities (connts/tnm jfi mole) 

K 

/ 

Jlcsoporphyrm Hnomatinio acid Imido BaCOj 


“NHjXCHjCOOH 107 6 ±176 

CHj»COOH 32 36±10D 

“CHjCOOH 27 9 ±0 07 


17 62±0 27 
12 C0±0 31 
7 66±0 25 


17 30±0 23 0 9 ±0 3 

2 97± 0 16 0 44 ±0 33 

0 6 ±0 22 OOS 


fragments methylethyhnaleic acid miide, derived 
from rings I and H, haematmic acid from rmgs HI 
and IV and CO. mamly derived from the methyne 
carbon atoms are shown m Table 1 It can be seen 
that with both the acetates the two imides accoimt 
for the whole of the activity of the mesoporphyrm, 
but with glycme only 06 % Tins and the relative 


equally radioactive, but after mjectmg carboxyl- 
labelled acetate, the acidic pyrroles from rmgs III 
and rV are considerably more radioactive than those 
from rmgs I and H, which are not acidic It was also 
possible to exclude both the acetates from bemg 
direct precursors of the methyme carbon atoms Tlie 
implications of these results were discussed 
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A Modified Chemical Estimation of Nicotinic Acid By D E Hughes {Medical Research Council 
Unit for Research tn Cell Metabolism, Department of Biochemistry, The University, Sheffield 10) 


Nicotmic acid reacts with cyanogen bromide to 
form a yeUow coloured derivative of glutacomc 
aldehyde (K6mg, 1904), which can be estimated 
photometrically either directly (Kokovikhyna, 1946) 
or after condensation with various ammes (Hams & 
Raymond, 1939) It was found that neither method 


was satisfactory for estimating accurately small 
quantities of mcotmic acid (10-25 mgmol ) This 
was due to low hght absorption of the aldehyde or 
to instabdity of the amme derivatives 

Treatment of the glutacomc aldehyde derivative 
with NaOH resulted m tlie formation of material 
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with a strong absorption in the near ultra violet 
(compare Larsen & Haag (1944) and Chaudhun & 
Kodicek (1949)) The peak of the absorption curve 
was at 372 m/t The = 3 02 x 10< (maximum 
molar extmction coefficient on the basis of nicotmic 
acid) The absorption obeyed Beers’s law with 
quantities of mcotmic acid ranging from 0 625 to 
100 mgmol m a total volume of 3 0 ml 
The method of estimation was as follows fresh 
CNBr (Kodicek, 1940) is diluted with an equal 
quantity of buffer (100 ml 0 6 m phosphate buffer 
pH 6 O, and 100 ml 0 6 m acetate buffer pH 6 0) 
The pH of the solution is adjusted to 6 6-6 6 with 
N NaOH or 10 % acetic acid and checked with 
a glass electrode The pH of the unknown nicotinic 
acid solution, as adjusted to pH 6 3-6 8 and O 5 ml 
IS added to 1 ml of the CNBr reagent The mixture 
is heated at 80° for 20 min and then cooled Next 
are added 0 6 ml of 6 n NaOH and 1 0 ml of water 
The solution is left for 46 min m the dark at room 
temperature, and the absorption is measured m the 
Beckmann spectrophotometer (model DU) The 


readmgs mcrease some 10 % m the next 18 hr after 
which they reach a maximum value Duphcate 
samples with added mcotmic acid are run at the 
same time to eliminate the effect of salt concentra 
tion and pH 

Nicotmamide, mcotmanude ribose phosphate and 
cozjrmase gave an absorption equal to 16 5% of 
that of mcotmic acid at 372 mjx , but the peak was 
at 352 mfi 1 16 x 10^) Aneurm gave an 

absorption peak at 372 m/i (ej^j^j^^O 92 x 10*) 
Nicotmyl hydrazide and mcotmunc acid behai ed as 
mcotmic acid while trigonelhne, mcotmanude 
N* methylchloride, pyndoxme, pyridoxal and 
pyridoxamme did not absorb between 400 and 
340 mp 

The method was used to estimate mcotmic acid 
m solutions contammg glucose and salts and m acid 
hydrolysates of Lactobacilhts arabinosiis The results 
were m good agreement with those of the micro- 
biological method The method also promises to be 
useful for estimating separately mcotmamide and 
meotimc acid m solutions contammg both 
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An Improved Medium for Microbiological Assays with Lactobacillus casei By E Kodicek and 
S P Mistsy (Dunn Nutntwnal Laboratory, University of Cambridge and Medical Research Council) 


Tlie requirements of Lactobacillus casei for the 
individual constituents present m synthetic media 
hai e been studied and a modified medium* has been 
devised which can be used for a number of vitaimn 
assays mcludmg pteroylglutamic ncid, riboflavm, 
nicotmic acid, biotm, pantothemc acid, strepogemn 
and also for the estimation of tryptophan 
The medium has been developed specifically for 
the estimation of pteroylglutamic acid It was found 
lat an overall mcrease m the concentration of 
V itnmins was essential for obtaimng a maximum 


ComposiUon of basal medium, per 10 ml glucose i 
gitasE^m ncctatc (hvdrated), 300 mg each, K,HPO, : 
uiYci no*® “E each, salt solution E (Kodicek 4, Pepj 

'wsein, H-SO^ hji 

m ‘Ddbo’ peptone, 2n 

n^trjptophan and L-ejatme, 2 mg each, DL-alamne. 1 n 

anen^n^ xanthine, 0 1 mg ea 

ihonafc in and calcium n pat 

ll enatc lOpg each, pyndoxme, 25pg , p ammobem 

JO m’ ? ■ r‘'^™''Elutamio acid, 50 mpg . h.otin (free ac 

St™ peptone omitted for b.o 

T n Asparagme, 1 a 

included for Etrepogemn assai ) r t, , 


acid production of 28-30 ml 0 I n acid per 10 ml 
of basal medium which is almost equal to the 
theoretical yield of acid which could be produced 
from 3 % glucose A new salt mixture has been 
added and 3 % potassium acetate was used instead 
of the sodium salt The medium has been emploj ed 
for routme assays of mcotmic acid and of strepo 
gerun (Kodicek & Mistry, 1949) The estimation of 
mcotmic acid usmg L casei was found to give more 
reproducible results than were obtamed with the 
previous method employmg L arabinosus (Kodicek 
&, Pepper, 1948) Only solutions of the other 
crystallme vitamins have been tried and extracts 
have not been assaj^ed so far 

Tlie new medium has been compared with media 
used by other x\ orkers and has been found to giv o 
more satisfactory results It contains acid livdro 
ly'sed casern, which is a more reproducible consti 
tuent than the enzvrmatic digest used bv Roberts A 
Snell (1940) Furthermore, when assavmg strepo 
genm activntv , enzymatic digests of casein could not 
be used because of their strepogenm content and so 
far no methods are available to free them com 
pletely of this factor 
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Cozymase Synthesis by Lactobacillus arabmosus 17-5 By D E Hughes and D H Wiluiasison 
(Medical Research Gounctl JJmt for Research in Cell Metabolism, Department of Biochemistry, The 
University, Sheffield 10) 


The rate of anaerobic glycolysis by washed suspen- 
sions of nicotmio acid deficient Lactobacillus 
arabmosus is increased from two to fourfold by the 
addition of mcotmic acid, mcotmamide or cozymase 
(McRwam, 1949) The acceleration of glycolysis is 
due to the mcrease of cellular cozymase (McRwam, 
Stanley & Hughes, 1949) which is relatively stable 
m this organism (McRwam & Hughes, 1948) For 
these reasons Lb arabmosus has been used m the 
foUowmg prehmmary studies on the bacterial 
synthesis of the cozymase Cozymase and mcotmic 
acid were estimated by the methods previousl3'^ 
outhned (McRwam & Hughes, 1948) Glj'colysis by 
washed suspensions of ceUa was followed mano 
metrically Cozymase synthesis was negligible m 
the absence of glucose 

The maximum rate of synthesis occurred m cells 
harvested after 16-18 hr growth on the medium 
of Barton Wright (1946), deficient m mcotmic acid 
(167 x10”’m) Cells harvested earher were not 
deficient and cells harvested later were deficient 
but sjmthesized cozymase more slowly With cells 
grown for longer than 18 hr the rate of glycolysis 
also falls but not to such a great extent ns cozymase 
synthesis The addition of 10“® ii mcotmic acid to 
old cells (44 lir growth) resulted m a maximum 
stimulation of glycolysis of 300 % after a lag period 
of 40 mm If mcotmic acid was replaced by 
equimolar amounts of mcotmamide or cozymase 


the lag period before the attainment of maximum 
glycolysis was 10-16 mm It would seem therefore 
that the system responsible for amidation of mco- 
tmic acid has decayed at a faster rate than other 
systems mvolved m the synthesis of eozymase 
At mcotmic acid concentrations below 4 x 10““ m 
the rate of cozymase synthesis was reduced At 
higher concentrations the maximal rate of synthesis 
was mamtamed for only the first 10-16 mm and 
then fell progressively until the cellular concentra 
tion of coenzjme reached an average of 12 0 mpmol / 
mg dry wt cells The final rate of sjmthesis was 
from 1 6 to 3 0 m/imol /mg dry wt /hr which was 
sufficient to replace a coz3ma8e like substance lost 
from the cells None of the constituents of the 
growth medium affected either the rate of synthesis 
or the level of cozymase m the cells Cells grown 
with adequate amounts of mcotmic acid (2 x lO"*!!) 
sjmthesized cozymase from mcotmic acid at a low 
rate ( < 3 0 mpmol /mg dry wt /hr ) compared with 
cells grown on the mcotmic acid deficient medium 
a hose maximum rate of synthesis 24m/miol /mg 
dry wt /lir Smce these organisms do not break 
down cozymase at a rate comparable to the rate of 
83Tithesis (see McRwam & Hughes, 1948) both the 
rate of S3mthe8is and tlie level of cozymase m the 
cell appears to be controlled by a mechanism which 
mliibits 83mthesis as the cells approach saturation 
with coz3una8e 
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Inactivation of Serum! Alkaline Phosphatase by Adrenaline and Related Substances By 
A B Andebson (Biochemical Laboratory, North Middlesex Hospital, London, N 18) 


Usmg sodium )3 glycerophosphate as substrate m 
glycme buffer pH 9 4 (Jenner & Kay, 1932) and 
serum of high alkalme phosphatase content as the 
source of enz3rme, it was found that adrenahne m 
a concentration of 6 X 10~* ii inhibited the phospha 
tase to the extent of 7 0—80 % Adrenochrome m a 


concentration of 2 6 x 10“* M gave 100 % inhibition 
An eqmvalent inhibition, i e 70 %, was found with 
strong oxidizmg agents such as potassium per 
manganate, as has been reported by Sizer (1942) 
Of the other phenohc compounds mvestigated only 
P3rrogaUol gave an eqmvalent inhibition of 70 % at 
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pi cc ncentration of 6 x 10-^ m Slight inhibition wa 
'fomJd -with catechol 9 %, quinhydrone and quinol 
13% and p qumone 22% at this concentration, 
while tyrosine, tyramine, resorcinol and ephednne 
did not inhibit at aU 

In view of the reported dependence of phospha 


tase activity on oxidation reduction potential 
(Sizer, 1942) measurements of the E* of the 
complete reaction mixtures were made immediately 
after the addition of the inhibitors and agam after 
30 mm mcnbation No correlation was foimd 
between E^ and degree of inhibition 
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The Inhibition, of Plant Phosphorylases by JS- Amylase and the Detection of Phosphorylase in 
Barley By Hbien K Pobtee {Research Institute of Plant Physiology, Imperial College of Science 
and Technology, London, iS TF 7) ' 


Extracts (1ml HjO to 1 g ground gram) of un 
germmated barley (BE) slowly convert glucose 1 
phosphate (GIP), after a lag of about 4 hr , to an 
ester resistant to hydrolysifl m 7 mm by n acid 
Very small amounts of free phosphate (P) are 
sunultaneously released When either potato or 
broad bean phosphorylase is mcluded m a 1 ml 
digest at pH 6 8 containing 0 1 ml BE, 0 036 M- 
GIP and 200 mg % soluble starch (a p ) no P is 
released m the 1-2 hr required for toe reaction 
yieldmg omylose to reach equihbnum m the absence 
of BE This inhibition is reduced and finally 
ehmmated by contmuous dilution of BE, and is 
removed by heat Crystallme ^ amylase behaves 
m too same way as BE towards added phosphory 
lose mdicatmg that JS amylase (fi) is the mhibitmg 
agent m BE Under the same conditions wheat, 
oat and rye extracts inhibit the bean enzyme to the 
extent of 70-80 % 

L If 6 p IB exposed to the action of BE, its capacity 
lo prime the phosphorylase reaction, measured by 
the amount of P released m 2 hr following mactiva 
'"-'n o'’ p by heat, is reduced by 26 % after 90 mm 
e, and by 40 % after 24 lir In the unheated 
'ontainmg potato or bean enzyme there is 
10 primer present for many hours, and if 


these enzymes were operative, release of P should 
be observed It is concluded that ^ is mhibitmg 
phosphorylase action and by some mechanism other 
than primer destruction This view la supported by 
experiments usmg amylose glyeoUate, pretreated 
with (AG), instead of s p Here potato enzyme 
effects release of only traces of P m 44 hr , although 
the pnmmg capacity of AG is unimpaired as shown 
by subsequent heat maotivation of BE and further 
addition of potato enzyme 

Phosphorylase has been detected m BE by 
employmg (NHi),S 04 to lower the ratio of ^ to 
phosphorylase to a level where inhibition is only 
partial Tliroughout extraction and fractionation 
pH IS mamtamed at 6 8 to avoid phosphorylase loss 
Three fractionations of toe precipitate formed be- 
tween 40 and 60 % saturation yield a preparation 
which hberates P ^m GIP relatively rapidly, and 
which with an acliroic primer forms a polysaccharide 
givmg a weak blue stem with lodme, after 5-10 nun 
This lodme staimng material persists m the digest 
for 20-30 mm Fmally, addition of starch and P 
to the preparation leads to formation of GIP 

The gift of samples of AG and crystalline p amylase by 
Prof S Peat and Prof A. K Balls is gratefully acknow 
ledged. 
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SUGGESTIONS TO AUTHORS 

Papers submitted for publication in the Biochemical Journal should be written concisely 
Special attention is directed to the sections below concerning the preparation of the type- 
script Strict observance of these requirements will shorten the interval between the receipt 
of a paper and its publication Typescripts which are not concise or which do not conform 
to the conventions of the Biochemical Journal will be returned to authors for revision 


Communications Papers submitted for pubboation 
should be sent to Prof E J King {BxochemKol Journal), 
Postgraduate Medical School, Ducane Road, London, W 12 
Communications respecting the purchase of reprmts should 
be addressed to the Umversity ftess, Cambndgo 

General Submission of a paper to the Editorial Board 
wiU be held to imply that it presents the results of original 
research not previously published, that it is not under 
consideration for pubhcation elsewhere, and that if accepted 
for the Biochemical J ournal it will not be published other 
wise m the same form, either m English or m any other 
lanmage, without the consent of the Mitonal Board 

Contributors who reside outside Great Bntam are re 
quested to nominate somebody m Great Bntam who is 
wilhng to correct the proofs of their papers Papers from 
such oontnbutora should be accompamed by a statement 
of the number of reprmts required 

Unless confusion would otherwise arise, oontnbutors’ 
names should appear as initials (but female authors may 
use one given name m full) and surnames only, without 
titles or Bufiixes The name and address of the laboratory 
whore the work was performed should be given Any 
necessary descnptive material regarding the author, e g 
Beit hlemonal Fellow, should appear mbrackets after the 
author’s name, or at the end of the paper, and not m the 
form of a footnote 

Tvpcscnpts should carry an mdication of the name and 
address of the person to whom the proof of the paper is to be 
sent, and should give also a shortened version of the paper’s 
title, not oxceedmg forty five letters and spaces m length, 
suitable for a nmnmg title m the published pages of the work. 

Form of Papers Submitted for Publication The 
onus of proparmg a paper m a form smtable for sending to 
press hes m the first place with the author Authors should 
consult a current issue m order to moke themselves familiar 
with the Biochemical JournaVe practice concerning typo 


graphical conventions, use of cross headings, lay out of 
tables, citation of references, etc The need for editorial 
revision of badly prepared typescript will lead to delay m 
pubhcation for which the Editors cannot accept responsi 
bihty Papers on specialized subjects should be presented 
so that they are mteUigible to the ordinary reader of the 
Journal Sufficient mformation should be moluded to 
permit repetition of the experimental work. 

Papers mtended for pubhcation should be m double 
spaced typmg on sheets of uniform size with wide margins 
Top copies only should be submitted, 'The pa^r should bo 
written m English R should be divided clearly mto parts 
(a) Introduction, oontammg the reasons for pubhcation of 
the work, (6) Experimental methods with chemical papers 
the experimental part will normally appear towards the end, 
but omerwise should follow the mtroduction, (c) Besidts 
these should be given concisely, tables or figures are often 
the best form, but the use of both to lUustrate the same data 
will only rarely be permitted, lUustrativo protocols onlv 
should be mcluded, (d) Discussion it is desirable that the 
presentation of the results and the discussion of their 
Bigiuficance should be considered separately , (e) Simmarv 
asummary, about 3 % of the length of the paper, shoffid be 
mcluded, the paragraphs of the summary should be 
numbered, (/) Acknowledgements, (?) Beferences 

References ’These should bo given m the text thus 
Barnett & Robmson (1042), (Culbertson k 'Thomas, 1933) 
where a paper to be cited has more than two authors the 
names of afi the authors should be given when reference is 
first made, eg (Osborne Mendel A Feirv, 1919) sub 
sequent citations should appear thus (Osborne ri al 1919) 
Where more than one paper by the same authors has 
appeared m one year the reference should be given 
follows Osborne A Mendel (1914a), Osborne A Mcndtl 
(19146) or Osborne A Mendel (1914a, 6) (Osborne A 
Mendel, 1914a, 1916 Barnett A Pobmson, 1942) 
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At the end of the paper references should be given in 
alphabetical order according to the name of the first author 
of the pubhcation quoted, and should mclude the authors’ 
initials, but not the title of the paper Titles of journals 
should be abbreviated m accordance mth the system used 
m the World Ltsl of Scienttfic Pertodtcals (1936, 2nd ed , 
Oxford Umversity Press) Examples of such abbreviations 
mU be found m the current numbers of the Biochemical 
Journal and a useful hat has been published m the Journal 
of Physiology (1946, 104, 232) References to books and 
monographs should mclude the town of pubhcation and 
the name of the pubhaher, as well as the date of pubhcation 
and the number of the edition to which reference is made 
Thus 

Barnett, J W A Rohmson, E A (1942) Biochem J 36, 
364 

Culbertson, CCA Thomas, B H (1933) Rep Agnc Res 
Iowa St Coll 32 

Doisy, E A , Somogyi, M A Shaffer, P A (1923^ J biol 
Chem 65 Proc xxxi 

Fauley, N H (1938) Aafure, Aourf , 142, 1160 
Hennessy, D J (1941) Iiiduetr Engng Chem (Anal ed ), 
13, 216 

Ki n g, H. (1941) J chem Soc p 338 
Osborne, T B A Mendel, L B (1914a) J biol Chem 17, 
326 

Osborne, T B A Mendel, L B (1914 J) J biol Chtm 18,1 
Osborne, T B A Mendel, L B (1910) Biochem J 10,634 
Osborne, T B , Mendel, L B A Fcny, E L (1919) J biol 
Chem 37,233 

Starhng, E H (1916) Principles of Human Physiology, 
2nd ed London Churchill 

Statistical Treatment of Data In general it is 
not necessary to publish the mdividual results of a number 
of similar experiments A statement of the number of 
mdividual resmts, their mean value, the standard error of 
the mean, and the extreme range of values is usually sufficient 
Alternatively, it is often better, if possible, to mclude a brief 
firequency distribution. 

A statement that a significant difference exists between 
the mean (or other) values of two groups of data should be 
accompamed by the probabihty derived Com the test of 
signifieanoe apphed 

Illustrations Illustrations, which should be upproxi 
mately twice the size of the finished block, should each bo 
on a separate sheet tnmmed to the smallest area and packed 
flat, they should bear the author’s name and the title of the 
paper on the hack Diagrams should be m Indian ink and 
should be drawn on plam white paper, Bristol board or 
famtly blue Imed paper Curves based on experimental data 
should cany clear mdications of the experimentally deter 
mined pomts Letters, numbers, etc , should bo wntten 
hghtly m pencil Legends and captions should bo typed on 
a separate sheet from the illustrations and numbered corre 
spondmgly Figures should bo comprehensible inthont 
reference to the text 

Unsuitable figures will be redraivn by the Press and the 
expense charged to the author 

Tables Tables should carry headings doscnbmg them 
content and should be comprehensible without referonco 
to the text The dimensions of the data, egg /lOO ml , 
should be given at the top of each column, and not repeated 
on each hue of the table Tables should be tvped on separate 
sheets and their approximate position m the text should be 
indicated 


Chemical Formulae These should bo wntten as far ns 
possible on a smgle horizontal line With inorganic sub 
stances and CHCI3, CCI4 and CSj, formulae maj be used m 
the text as abbreviations, particularly m the expcnmcntal 
portion, at the discretion of the editors With salts it must 
be stated whether or not the anhj drous matenal is used, 
e g anhydrous CuSO*, or which of the different crystallme 
forms IS mdicated, e g 

CuSO* 6H,0, CuSOi HjO 

Description of Solutions Solutionsof commonacidsand 
bases should always be expressed in terms of normality (x), 
and salts preferably m terms of molantj ( 11 ), e g x HCl, 
OlsiNaHjPO^ hraotionnl concentrations should pro 
ferably bo expressed m the decimal sjstcm, eg 0 25x HCl 
(not x/4 HCl) The term *%’ must be used m its correct 
Bcnse,ic g/lOOg ofsolution For ‘per cent bj volume’, 1 c 
ml/lOOml, the term % (v/v)’ may bo employed To 
indicate that a given v eight of substance is contained in 
100 ml of solution, the term ‘ % (w/v) ’ (weight per volume) 
may bo used 

Symbols and Abbreviations Authors should refer to 
current numbers of the Biochemical Journal for mformation 
in this connexion With a few exceptions the symbols and 
abbreviations are those adopted by a committee of the 
Chemical, Faraday and Phjsical Societies m 1937 (see 
J chem Soc 1944, p 717) The chemical nomenclature 
adopted is that given m Principles of Abstracting (1948, 
London Bureau of Abstracts) Much further information 
IS given by Jbtchell m British Chemical Nomenclature (1948, 
London Arnold) Spcctrophotometno terms and sjrmbols 
are those proposed by the Society of Pubho Analysts and 
other Analytical Chemists (see Analyst, 1942, 67, 164) 
The attention 6f authors is partioularly drawn to the 
followmg symbols m = (miUi) = 10”’ and p = (micro) = lO”* 
Note also that ml (millihtres) should bo emploj ed instead 
of 0 c , and pg (micrograms) instead of y 

Nomenclature of Micro-organisms BmommalLatm 
names of micro organisms, the genono name onlj with a 
capital, must bo used m accordance with the International 
Rules of Nomenclature Bmommals should bo underlmed 
once (for italic) m the typesenpt A name must bo given in 
full at the first mention m a paper, m subsequent mention 
the geneno name may bo abbreviated, but the abbrcnation 
must bo unombiguous Smgle mitial letter abbreviations 
should, m general, bo avoided (thus Staph aureus, Strep 
pyogenes not 5 aureus, S pyogenes) Scientific epithets or 
trivial names are not underlined and should be without 
capitals 

Jlicrofungi should be designated as m Ainsworth A Bisby’s 
A Dictionary of the Fungi (1946, 2nd ed , Kew Impenal 
Mycological Institute) 

Bacteria The Editonal Board prefers that the nomen 
claturo of Bergoy’s Manual of Determinative Bacteriology 
(1948, 6th ed , London Bailhiro, Tmdall A Cox) should be 
followed Where authors -wish, for good reasons, to use 
a name other than that m Bergey’s Manual, the name ns m 
Bergey’s Manual should bo msorted m brackets at the first 
full citation, thus Chromobactcriuin prodigiosum {Scrratia 
marcescens) 

Reprints Where at least one author of apapor is a member 
of the Biochemical Sooiotj , twentj five roprmts are sup 
piled free of cost If the supply of paper permits, an author 
ma 3 purchase additional repnnts if he notifies the Press on 
tile appropnnte form immwliately the proof of the paper is 
receiv^, but only m exceptional oiroumstanoos will more 
than a total of 176 additional repnnts be supphed 
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The Intracellular Mode of Action of the Sulphonamide Derivatives 
Some Condensation Products of Reductone 

By E a bell, W COCKER Airo R A Q O’JIEARA 
Umvcrsity Chemical Laboratory ami School of Pathology, Trinity College, Dublin 

{Reccticd 28 March 1049) 


Colebrook &, Kenny (1930), Colobrook, Buttle iL 
O’Meara (1936) and, later, others showed that some 
tune must elapse after bacteria are inoculated mto 
media containmg sulphonamide before an inliibitorj 
effect IS produced Multiplication of the orgomsm 
occurs m the mterv al Subsequently, Wolff ik Juhus 
(1939) concluded that sulphonomides act on bacteria 
only when they are multiplying, and O’Meara (1942) 
mentioned that the lethal action of sulphonamides 
on bacteria is immediately exliibited when the 
organisms are m the logarithmic phase of growth 
This was later confirmed and fully expounded by 
O’Meara, McKally & Nelson (1947), who pomted out 
that m the logantlimic phase of growth bacteria 
are engaged m the utilization of those compounds, 
present m the culture medium, winch are most 
suited to energy and growth requirements Glucose 
IS one of the substances O’Meara, JIcNally &, 
Nelson (1944) had previously noted that durmg the 
loganthmic phase of growth the medium develops 
strongly reducing properties, and suggested that the 
reduemg substance might be either ascorbic acid, 
dihydroxyacetone or reductone, 

CHjOH CO CH0fc5CH(0H) C(OH) CHO, 
all of which could be produced from glucose In the 
earlier pubhcation, O’Meara et al (1944) showed 
tliat the reducing substance gave a positive ‘ enediol ’ 
t C(OB[) C(OH) — ] test with o dinitrobenzene and 
sodium hydroxide (Fearon & Kawerau, 1943) 
Ascorbic acid is known to be produced m certam 
bacterial cultures (Busmg & Peters, 1940), but this 
can usually be detected as its dehydro derivative 
(Fearon & Kawerau, 1943) and the reduemg sub 
stance produced by the pathogens failed to give the 
test for dehydroascorbic acid Reductone is pro- 
duced when glucose is heated with alkah (von Euler 
&Klussmann, 1933, von Euler&Martius, 1933)and, 
smee the culture media are alkahne and gave the 
enediol reaction after heatmg, O’Meara et al (1947) 
considered that reductone was the most hkely sub- 
stance to bo formed m such media 

O Meara et al (1947) showed that reductone is 
readily condensed withp anunobenzoic acid, sulpha 
pyndme, sulphathiazole and sulphanilaimde The 
reductone used was a crude solution from the 
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hydroljfsis of glucose with sodium hydroxide, never- 
theless solid products were obtamed m aU cases 
except in the reductone sulphamlarmde condensa- 
tion, where the product was obviously readily 
soluble in water The products were hydrolysed m 
alkalmo solution with varymg degrees of rapidity, 
jnoldmg the startmg materials Ciondensation of 
the nbo\o mentioned amines with ascorbic acid 
and dilij droxj’acetone gave coloured solutions 
only 

In view of the known biological significance of 
p ommobonzoic acid, and the fact that the com- 
pound formed by umon of reductone with p amin o- 
benzoic acid is readily hydrolysed withm the 
biological range of pH, O’Meara et al (1944, 1947) 
considered that the function ofp ammobenzoic acid 
m cellular metabohsm is to stabilize and tem- 
porarily conserve, for use of the ceU, the extremely 
active substance reductone winch can act as a source 
of energy for tlie growmg ceU Smee reductone is 
readdy oxidized (compare von Euler Martius, 
1933) it must be preserved m a stabdized form, but 
in such a way as to be available for the requirements 
of the growmg cell It was, m fact, shown by O’Meara 
et al (1947) that Streptococcus pyogenes can utdize 
the reductone p ammobenzoic acid condensation 
product and mamtam growth on it, but p ammo- 
benzoio acid itself fails to support growth In ex 
tension of the above, it was logical for O’Meara et al 
(1947) to consider that sulphonamides mterfere with 
this source of energy by combmation with reductone 
to form compounds not avadable for utilization by 
bacteria They showed that Strep pyogenes was 
unable to utilize the sulphapyridme and sulpha 
thiazole derivatives of reductone imder conditions 
identical with those m which the p ammobenzoic 
acid derivative was utdized by these org a n ism s 

Reductone iiOBsesses a highly active aldehydic 
group which readily reacts with electron-donatmg 
groups (compare von Euler & Martius, 1933) and 
reaction may take place by end attack on the charged 
mesomeric form of the enol 

+CH{OH) C(OH) CHO“ 

The condensation products of reductone and p- 
ammobenzoic acid and the various sulphonanoides 

24 
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are lughly coloured, and it is probable that they are 
of the type 

HC{OH) C(OH) CH N CjHi R 

or CH2(0H) CO CH N CoH* R 

(J2 = COsH or SOjNHZZ') 

According to the theory propounded b 5 ’' O’Meara cl 
al (1947), the effectiveness of the sulphonamidcs in 
interfering with the growth of bacteria is linked with 
the stability of the Schiff bases mentioned above 
Those which are most readily hydrolysed will bo the 
least effective m inhibition of growth and vice \ ersa, 
and it IS very likely that the ease of hydrol j’sis of the 
Sohiff bases m the biological range of pH will be 
dependent upon the solubility of these compounds 
under these conditions Before a final conclusion can 
bo reached, the relative solubilities of the compoimds 
must be deterrruned, but it is known that sulpha 
nilarmde gives a condensation product with re- 
ductono which is very readily soluble m water at 
neutrahtyand difficult to isolate, and thatsulphanil- 
amide is relativelj' meffective as growth inhibitor 
In accordance with the views expressed on the 
importance of reductone, it seems likely that m 
mixtures of p aminobenzoio acid and a sulphon 
amide with reductone there will be compietition for 
the aldehydic group by the ammo groups Tlus can 
probably be represented by the foUowmg equation, 
where only the enohc forms are given, 

OH CHC(OH) CHN CeH^ COOH + HjN 

OH CHC(OH)CHN B + NH, CeH, CO.H 

(i? = HsN' C.H^ SOjNHiJ') 

The position of eqmhbrium m the above reaction 
will depend, amongst other factors, upon (a) the 
affimty of the aromatic ammo groups for the aide 
hydic group, i e upon the relative electron donatmg 
qualities of these groups, and (&) upon the concen 
tration of the ammo compounds Accordmg to Bell 
& Robhn (1942) and Albert & Goldacre (1942) the 
basic dissociation constant of the aromatic ammo 
group m the sulphonarmdes differs only slightly from 
2 6 X 10““, which IS the basic dissociation constant 
of p ammobenzoio acid Maphemde (morfanil, p 
ammomethylbenzenesulphonamide) is m another 
category Here the ammo group is ahphatio and the 
compound oorrespondmgly more basic In general, 
it IS probable that the concentrations of the ammo 
compounds are important m decidmg the position of 
equihbnum In the bacterial ceU other factors might 
have prommence such as degree of adsorption of the 
various compounds on some surfeice 

In the present mvestigation our primary object 
has been the preparation and exammation of the 
products of condensation ofreduotonewithp ammo 
benzoio acid and various sulphonamides We have 
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obtained solid products m all cases, but purification, 
by crj'stalhzntion, bos not aluajs been possible 
ovnng to the lou solubility of tho products in most 
organic solvents Tho reductone siilphanilic acid 
condensation product is very rcadilj soluble m 
water, and wo have not been able to isolate this 
compoimd although its formation undoubtedly 
occurs, since tho colour of tho mixed solutions 
rapidly becomes a deep rod 

Although our investigations are not complete wo 
feel that an interim sur\ ov is necessary since Angier, 
Stokstad, Mom at, Hutchings, Boothe, Waller, Semb, 
SubbaRow , Cosuhch, Fahronbach, Hultquist, Kuh, 
Nor they, Seogor, Sickols &, Smith (1948) hn\e 
recently published details of tho preparation and 
properties of tho reductone p ammobenroic acid 
condensation product and some of its don\ atives, 
and Forrest (L Walker (1948) ha\o also mdicated tho 
scope of their work similar to that mIucIi wo had 
contemplated (cf Boll, Cocker O’lMoara, 1948), 
and that which has been in hand since September 
1947 (cf O’JIoara ct al 1947) 

EXPERBDENTAL 

The preparation of reductone Reductone is best prepared 
by the method of von Euler i- Martius (1033) m which glucose 
IS treated with NaOH and tho reductone is precipitated as 
its Pb salt No improvement in yield wns obtnmed when 
fructose was cmploied Tho decomposition of tho Pb salt 
with wns, however, performed with shaking m a pro 
viously evacuated flask attached to a source of This gave 

a bettor product than that obtained when H.S wns bubbled 
through a suspension of tho Pb salt (ef Kuchlm L BCcseken, 
1928) The yield of reductone, m p 200°, wns about 7% of 
theory Tho oxidation of glycerol by FeSO, and H.O. (den 
Otter, 1037) and the oxidation of dihydroxyaoetone inth 
copper acetate m ultraviolet hght (Kuchlm &. BOeseken, 
1028) gave disappomtmg results 

Condensation of reductone with ammo compounds The 
enrhor condensations of reduotone with tho various ammo 
compounds were performed m aqueous sodium acetate, but 
it wns later found that the condensations could be readily 
performed m aqueous acetone with or without the addition 
of a few drops of acetic acid A better product was thus 
obtamed. 

Analysts of compounds formed Tho identity of the com 
pounds was estabhshed by analysis and by colonmetne 
estimation of the p ammobenzoio acid or snlphonamide m 
the compound. This was performed by hydrolysis with dilute 
olkah, and tho resultant ammo compound was condensed 
with p dimethylammobenzoldehyde (Werner, 1939, 1944), 
the colour so obtamed bemg exammed on the Spekker 
absorptiometer It wns possible approximately to estimate 
the reductone p ammobenzoio acid condensation product by 
titration with alkah, but the values of the eqmvalent obtamed 
wore variable When the compound was left m contact with 
0 06n NaOH, the equivalent was found to be 67-60 m con 
trast to 110-120 which was obtamed by rapid solution of the 
compound m tho alkah, followed by back titration The lower 
values of the equivalent are probably due to the oxidation of 
the reduotone released by hydrolysis 
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A number of the condensation products with ro 
duotune have been found to be hemihj drntcd, mono- 
hj drated or ddiydrated The reductono sulpha 
guamdme condensation product is dih 3 'dratod and 
this IB mteresting since sulphnguanidme itself la 
monohydrated Dehydro l ascorbic acid has ro 
cently been shown bj' Kenj'on & Munro (1048) to be 
hydrated This compoimd has a structure not unlike 
the keto form of the condensation products of ro- 
ductone 

Reacitons of rcductonc condensation products 

The reductone p ammobenzoic acid condensation 
product reacts readdj' with plionj'llij'drazme 
(O’Meara ctaJ 1947)togi\eano3a7ono Thiaosazono 
has been prepared and analj'sed It possesses a p 
ammobenzoic acid residue 

Woods (1940) showed that p ammobenzoic acid 
can inhibit the action of sulphonamide derivatives, 
its power of inhibition bemg greatest mth sulphanil- 
amide and least with sulphatluazole In mew of 
these results, we tried the effect of p ammobenzoic 
acid on the reductone sulphathiazole condensation 
product When these compounds ore mixed m hot 
aqueous sodium acetate which has a pH similar to 
that found under biological conditions, the sulpha 
thiazole residue is qmckly displaced and the re 
duotone p ammobenzoic acid condensation product 
results, whereas the reverse process has not been 
found to take place under similar conditions A 
correspondmg result was obtamed when the re 
duotone sulphaguamdme condensation product was 
treated with p ammobenzoic acid On the other 
hand, when the reductone p ammobenzoic acid 
condensation product is treated with maphemde 
(marfanil, p ammomethylbenzenesulphonamide) 
hydrochloride m the presence of excess sodium 
acetate the p ammobenzoic acid is rapidly replaced 
by maphemde, the reductone derivative of the latter 
bemg formed 

Reductone p ammobenzoic acid condensation product, p- 
2 3 diliydroxyprop 2' enylideneaminobenzoio acid A solu 
tion of reductone (0 4 g ) in water (6 mL) was shaken with 
ehareoal and filtered It was then added, with shaking, to 
a filtered solution ofp aminobenioio acid (0 7 g ) in a mixture 
of water (10 ml ) and acetone (10 ml ) The dear solution 
soon became dark red and orange needles were qmckly 
deposited. After 3 hr the compound was collected, washed 
with acetone, water and finally acetone, untfi the filtrate no 
longer gave a reaction with ji-dimethylammobenzaldehyde 
The product (0 46 g ) crystallized from ddute acetic acid as 
orange yellow needles, m p 264° (Pound C, 63 16, H, 6 2, 
N, 6 1 Calc for CioHjOjN H,0 C, 63 3, H, 4 0, N, 6 2% ) 
It gave absorption maxima m ethanol at 284 m/i (log e, 4 21) 
and 366 6 mp (log e, 2 74) On drymg on the water bath, 
the orange-yellow needles became red with loss of 1 moL of 
water 

Titration The compound (0 057 g ) m 24 9 ml 0-05ii 
NaOH was allowed to stand for 16 min. at room temperature, 
when the solution had become colourless It was then 


titrated with 0 05n HjS 04 using phenolphthnlem as m 
dicator, when 14 3 ml of acid wore required for neutrah 
zation This gives an equivalent of 108 and mol ivt of 216, 
assuming that the reductono is completely onolized 
CjoH ,04N HjO requires mol wt 225 (compare the titration 
of reductono by Nomsli A Gnffiths, 1928) , other estimations 
gave 1 nines of 240 and 228 When the compound was left m 
contact with 0 05 n NaOH for 24 hr before titration, values 
of 02, 57 and 67 wore found m three estimations 

Colonmctnc estimation of purity of the reductone p-amtno 
benzoic acid condensation product Ten ml of each of a senes 
of aqueous solutions containing 3-16 mg [I of p ammo 
benzoic acid were added to 2 ml portions of a solution of 
Elirhch reagent prepared by dissolvmg p dimethylammo- 
benznldehydo (3 g ) m a mixture of cone H,S04 (7 mL) and 
water (100 ml ) The mtonsity of coloration m each ease was 
measured by means of n Spekker absorptiometer using a blue 
filter Concentration of p atnmobonzoio acid was plotted 
against cxtmction on a graph Reductone p ammobenzoic 
acid condensation product (16 mg ) m 10 ml 0 In NaOH 
was warmed for a few mmutes and then diluted to 1 1 10 mL 
of this solution wore treated with 2 ml of the Ehrhch reagent 
and the extinction was agam detennmed The p ammo- 
benzoio acid content dotenmned from the cahbmtion graph 
was 68 0% CJ0H4O4N H,0 requires 60 9 and CjoHjOiN 
00 1 % Repeat estimations gave values varying from 67 
to 68% 

Reductone-sulphathiazdte condensation product 2-(p 2' 3' 
Dihydroxyprop 2' enylidentamin6benzenesulphonamido)ihia- 
zole Sulphathiazole (2 0 g ) m acetone (30 mL) contammg a 
few drops of 80 % acetic acid was added to reductone (0 6 g ) 
m dilute acetone (30 roL) After several hours the required 
compound was obtamed as yeUow needles, which, after 
washmg with water, gave m p 232° (decomp ) with some pro 
softenmg (Found C, 43 0, H, 4-0 CjjHn04NjS, iHjO 
requires C, 43 1 , H, 3 6% ) This compoimd lost water when 
heated at 100° m a vacuum, after which the sulphathiazole 
residue was estimated by Ehrhch reagent (Found sulpha- 
thlazolo, 80 0 Ci,Hj,04N^, requires sulphathiazole, 

78 6%) 

Reductone-sulphapyridme condensation product 2 (p' 2' 3' 
Dihydroxyprop 2' enylidencamvnobeme7iesulphonamido)pyn- 
dme This compound was obtamed as an orange amor 
phous powder which did not melt sharply but started 
to darken and decompose at 194° (Found C, 60 6 , H, 4 5 
C,4H„04N,S H,0 requires C, 49 9, H, 4 4% ) 

Reductone-sulphamezathine condensation product 4 8 Di- 
methyl 2 (p' 2' 3' dihydroxyprop 2' enyiideneamino 

henzencsulphonamido)pyrimidine This compound was on 
amorphous green powder, m p 200-240° (decomp ) (Found 
C, 48 2, H, 4 9, N, 14 8 Cj5Hi,04N4S H,0 requires C, 49 2, 
H, 4 9, N, 16 3%) 

Reductone sulphamethylthiazdle condensation product 4- 
Methyl 2 (p' - 2' 3' dihydroxyprop 2' enylideneamino- 
henz6ncsulphonamidd)thiazdle. This compound consisted of 
a yellow orange, amorphous powder which shrivels and 
decomposes at 166—168° (Found C, 46 2, H, 4 3 
C„Hu 04N,S, }H,0 requires C, 44 8, H, 4 0% ) 

Reductone-sidphayuanidine condensation product p (2' 3'- 
Dihydroxyprop 2' enylideneaminobenzenesulphonyl)guani- 
dine This compound formed yellow needles, m p 162°, which 
crystallized from water (Found C, 37 6, H, 6 1 

CjoHj, 04N4S 2H,0 requires C, 37 5, H, 6 0% ) 

Reductone-soluseptasinc condensation product Reductone 
■p-(sodium-a-sulphoeihyl)amindbenzenesulphonamidecondensa- 

24-2 
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Uonprodud Beductone p-arntnobenzenesutphonaniidtconden 
sation product p (2' 3' Dilnjdroxyprop 2' enyhdcncamino) 
hcnzcnesxdphonamtdc Rcdnctono vras found to displace the 
substituting groups m the N* position m the first two com 
pounds As a consequence all three gave the same conden 
sation product with reductone The yellow condensation pro 
duct was crystallized fiom hot water as orange radiating 
needles which darkened, shrank and finally decomposed at 
170-172° The compounds denved from each of the three 
sources did not depress the melting point of one another 
(In two analjses found C, 42 0, H, 4 4 C, 40 8, H, 4 0 
C,Hio 04 NjS H.O requires C, 41 5, H, 4 0% ) 

Beductone dxammodiphenylsidphone condensation product 
Bis p (2' 3' dihydroxyprop 2' enylidencamino)phenyl 
sulphone This compound consisted of yellow micropnsms 
which started to decompose at 150°, but gave no defimto 
m p (Found C, 50 7, H, 4 8 Cj,Hj,0,N,S 2H 0 requires 
C.60 9, H,4 7%) 

Osazone of the reductone ^-aminobenzoic acid condensation 
product The sohd obtamed when a mixture of the conden 
sation product (0 6 g ), phenj’lhjdrazmc hydrochlondo 
(1 0 g ) and sodium acetate (1 Og ) m acetic acid was warmed 
on the water bath for 0 5 hr was collected and the osazone 
crystallized firom ethanol as yellow needles, m p 188-189° 
(Found C, 68 3, H, 5 3, N, 17 0 Nj requires C, 

08 6, H, 4 9, N, 18 1% ) Thep ummobonzoic acid content 
was also estimated by hydrolysis with HCl Phcni Ihj drazmo 
was distilled m steam and the residue was treated with 
Ehrhch reagent and the depth of colour estimated as above 
(Found p ammobenzoio acid, 36 0 CjjHjtO jNj requires 
36 6% ) 

Action of p amtnobenzoic acid on reductone sidphathiazole 
condensation product A mixture of the reductone sulpha- 
thiazole condensation product (0 6 g ), p anunobcnzoic acid 
(0 6 g ), sodium acetate (2 g ) and water (6 ml ) was boiled for 
a few mmutes and filtered whilst hot On coohng, a yellow 
precipitate separated and the solution exhibited the green 
fluorescence characteristic of the reductone p ammobenzoio 
acid condensation product The precipitate was thoroughly 
washed with hot water to remove p aminobenzoic acid and 
sulphathiazole On drymg, the yellow sohd became orange 
and gave m p 260°, undepressed by authentic reductone p 
ammobenzoic acid condensation product 

Beductone maphenide{marfaml) condensation product p 
(2' 3' Dihydroxyprop 2'-enylideneaminomethyl)benzenesul 
phonamide A mixture of reductone p ammobenzoio acid 
condensation product, maphemde hydrochlondo (0 5 g ) 
sodium acetate (2 g ) and water (6 ml ) was boiled for 
2-3 mm. with stimng The hot mixture was Altered and 
cooled, when a yellow green sohd separated It erj stalhzed 
from ethanol as pale green needles, m p 183-184° (Found 
C, 46 9, H, 4 8 CjoHjtOiNiS requires C, 46 9, H, 4 7% ) On 
hydrolysis of this compound and diazotization of the pro 
duct, a solution was obtamed which did not couple with 
P naphthoL Reductone p ammobenzoio acid condensation 
product, gives, by similar treatment, the expected azo com 
pound 

DISCIUSSION 

The results here recorded provide chemical support 
for the theory advanced by O’Meara et al (1944, 
1947) that the sulphonamides act by umtmg with 
reductone durmg the active phase of normal bacterial 
metabohsm Accordmg to the xuew of these authors. 
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p ammobenzoic acid is the normal coll motabohtc 
•which unites inth reductone and stabilizes it pnor 
to further utilization by the cell If the place 
normally taken byp ammobenzoic acid bo occupied 
by a sulphonamide, cellular metabolism ceases 

Wo ha\ o found that under biological conditions of 
pH, p ammobenzoic acid and all the sulphonamides 
tested rcndiH form compounds x\ith reductone 
These compounds have been isolated and their 
constitution has been established It is apparent that 
the aldohvdic group of reductone undergoes conden- 
sation mth the free primary aromatic ammo group 
of p ammobenzoic acid and the sulphonamides It is 
mterestmg to note that reductone readily condenses 
■with solusoptnsino and p (sodium a sulphootlnl)- 
ammoboiizono sulphonamide to give, in each case, 
tlie reductone sulphnnilnmide condensation pro- 
duct Northey' (1940) has o'vpresscd the mow that 
‘unless the substituting group in the position is 
hydrolysed, reduced or otherwise removed in tiio 
it appears that the derivative will have little if any 
act IV ity^’ The chemical ovndcnco hero provnded sup- 
ports tlus vnovv Particularly' mterestmg are the 
mtoractions of reductone sulphonamide conden- 
sation products with p ammobenzoic acid and of the 
reductone p ammobenzoie acid condensation pro- 
duct ■with maphemde (marfaml) Smeo, witlim the 
biological range of pH, p ammobenzoic acid readily 
replaces the sulphonamides from their combinations 
with reductone, n chemical e-vplnnation is provnded 
of the inhibition of the bnctenostntio action of the 
sulphonamides by p ammobenzoic acid demon- 
strated by Woods (1940) Sumlnrly, the replace- 
ment of p ammobenzoic acid, from its combination 
with reductone, by maphemde, provndcs a chermcal 
e'vplanation of the facts that p ammobenzoic acid 
does not antagomze maphemde (Sclireuss, 1942, 
Goldacre, 1944) and tliat maphemde, unlike the 
sulphonaimdes, does not show a tune lag m commg 
mto operation (Jensen, Sclirmth & Brand, 1942) 
Moreover, these observations enable the mode of 
action of maphemde to be brought mto hne with that 
of the sulphonamides Maphemde is a relatively 
strong base, and lugh concentrations are possible 
because of its high solubility m water Both factors 
will operate so as to facilitate the replacement of 
p ammobenzoio acid by maphemde m cellular meta- 
bohsm 

We believe that the reductone p ammobenzoio 
acid condensation product system is likely to prove 
very important m biological synthesis Reference to 
biochermcal processes, possibly mv'olvnng reductone 
and the reductone p ammobenzoic acid conden- 
sation product, has been made elsewhere (BeU, 
Ckicker & O’Meara, 1948), and the synthesis of 
pteroio acid and its 7-isomer by Forrest & Walker 
(1948) and of foho acid and its related compounds by 
Angler et al (1948), lend colour to this new 
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STODIARY 

1 Condensation products of reductone have been 
prepared mtli p aminobouzoic acid, 2 p ammo 
benzenesulphonamidotlnazolo (sulphathmzolo), 2- 
p ammobenzenesulplionamidopyridme (sulphnpjTi- 
dme), 4 8 dimethj 1 2 (p ammobouzonesulphon 
aimdo) p^Tmudme (sulphamozathmo), p ammo- 
methj Ibenzenesulplionamido (maphomdo, mnrfonil), 
4 methyl 2 (p ammobenzenesulphonamtdo)tluazolo 
(sulphametlij Itluazole), p nmmobenzenesidphoni 1- 
gi mnidin e, 4 4' diammodiphenylsulphono, p (di 
sodium y-phenyl ay-disulphopropj l)ammobeuzono 
sulphonamide (soluseptasme) 

C,H5CH(S03Na)CH.CH(S05Na)NHC,H,S0.NH., 

p - (sodium a Bulphoethyl)arainobenzenc3ulphona- 
mide (Jle CH(S 05 Na)KHCcHiS 0 jNH.) and p 
armnobenzenesulphonanude Tho condensation pro 
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ducts of reductone with the three last compeunds 
wore identical 

2 It has been shewn that the condensation pro 
duct of reductone and sulphatluazole is decomposed 
by p ammobenzoic acid Tlie resultant product is 
identical with that obtamed from reductone and p- 
aminobenzoic acid (p 2' 3' dihydroxy prop 2'-enyh 
denonmmobenzoio acid), but the reverse process is 
apparently not possible under similar conditions 
ilaphomde, lion ever, displaces p ammobenzoic acid 
from p 2' 3' dihydrovyprop 2' enyhdeneammoben 
ZOIC acid 

3 A theory of tho mode of action of sulphonarmde 
dorivati\03 is discussed 

One of UB (E A B ) was m receipt of a grant from the 
Sarah Purser Medical Research Fund 

Wo desire to ospress our thanks to Imperial Chemical 
IndustncB Ltd and the Medical Research Council of Ireland 
for financial support 
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The Micro-estimation of Citric Acid 


By H WEIL MALHERBE and A D BONE, Runwell EospUal, Wtekford, Essex 

{Becetved 12 April 1949) 


The estimation of citric acid by its conversion mto 
pentabromoacetone (Stalire, 1896) has been greatly 
improved, notably by Pucher, Sherman & Vickery 
(1936), who mtroduced a sensitive colorunetrio pro 
cedure Recent modifications (Perlman, Lardy & 
Johnson, 1944, Krebs & Eggleston, 1944, Goldberg 
& Bemlieun, 1944, Hunter & Lelou, 1946, Speok, 
Moulder & Evans, 1946, Taussky & Shorr, 1947, 


Natelson, Lugovoy & Pmeus, 1947, 1948 , Wolcott & 
Boyer, 1948) have further mcreased the rehabihty 
and sensitivity of the method However, tho fact 
that modifications of the method contmue to appear 
mdicates that satisfaction is not general klost 
authors agree that the addition of permanganate is 
a critical step which must be performed slowly and 
cautiously 
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We became aware of the defecte of the method 
m the course of an mvestigation of the effect of 
various mono , di- and tri carboxylic acids on the 
activity of acomtase Tliis mvolvod the estimation 
of citric acid m the presence of a largo excess of one 
or more other orgomc acids Under these conditions 
the recovery of citric acid was apt to bo lov by up 
to 30%, a result wluch was but httlo affected by 
the various prelunmary treatments recommended 
It appears from the pubhshod data that, although 
mterference with the specificity of the method has 
been thorouglily mvestigated, mtorforonco anth 
recovery has recei\ ed less attention 

In the modification here proposed, permanganate 
IS replaced by vanadic acid as oxidwmg agent In 
our experience this modification has the ad\ antago 
of greater simplicity, as the oxidizmg agent maj bo 
added m bulk, of greater elasticity, as the amount of 
oxidizmg agent need not be adapted to concen- 
trations of citric acid varymg withm a wide range, 
and of greater freedom from mterference by other 
substrates In addition, the method is even more 
specific than the older one , for example, p hj'droxy- 
butyno acid gives no colour 

The use of vanadic acid vas suggested by the 
observation of Pozzi Escot (1940), who found that 
the oxidation of citric acid to acetonedicarboxyhc 
acid by cldorate was catalj'sed by a trace of vanadic 
acid The function of chlorate m this reaction is 
probably that of reoxidizmg the reduced vanadyl 
ion, and it might be expected that m the presence of 
a sufficient quantity of vanadate the oxidation 
would proceed m the absence of chlorate This is 
mdeed the case 


Reagents METHOD 

Stdphurtc acid, 27n H,S 04 
Bromxne water, saturated. 

Ammonium vanadate, 2% solution, dissolve by warming 
The substance tends to crystallize on standing, and before use 
should be redissolved by warmmg 
Sodium thiosulphate, 6% solution 
Sodium sulphide {A.It ), 2% solution, freshly prepared 
Sodium sulphate (anhydrous) 

Light petroleum, b p 80-100° Punfication extract re- 
peatedly with cone HjSOi, then with a saturated solution 
of KMn04 m 0 6 n H,S 04 and finally with a 6% solution of 
I'eS04 m 0 6 n HsS 04, wash with water, dry and rectify 
Citnc acid standard, 1 mg of the crystallmo acid 
(CjHgO, H,0)/niL (m n H,S 04) 


Procedure 

{a) For quantities of 0-1-1 0 mg citric acid The solution 
(6 ml , containing not more than about 1 mg citno acid) is 
mixed with 27 n H,S 04 (6 ml ) m a 30 ml tost tube The 
mixture is cooled to room temperature, and bromme water 
(2 mL) and ammomum vanadate solution (3 mL) are added 
The contents are well mixed and the stoppered tube is left 
mawater bath at60°for20mm Aslowlymcreasmgturbidity 
mdicates the formation of pentabromoacetone. The tube is 
agam cooled to room temperature and excess Br, is removed 
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by adding 10-12 drops of IsnjSjOj solution The solution, 
which IB non blue or bhiish green, is extracted with 0 ml 
light petroleum by mechanical shaking ofthc stoppered tube 
for 2-3 mm Tlic aqueous lay cr is blown out with the aid of 
a wash bottle head, 1 c a rubber stopper fitted with two 
glass tubes, of winch the longer one should bo smoothly 
adjustable so ns to rcaeli to the Iiottom of the test tube Tlus 
glass tube is tapered at both ends and the lower tip is ground 
smooth to ensure an even contact Dunng its introduction 
through the petroleum layer the deliicry tip is closed with 
a finger When most ofthc aqueous lay cr has liccn blown out 
the meniscus is allowed to nse slowh in the tube to the 
deliecry tip Sharp separation is thus nchieied After the 
addition of a pinch of nnhy drotis Nn_S04 the light petroleum 
extract IS decanted into a clean test tube Aqueous drops, if 
any should remain, must be proientcd from miming out 
A G ml portion of the extract is now transferred to a third 
test tube and shaken for 1 mm with 10 ml of NojS solution 
The coloured aqueous lay cr is bloivn on to a funnel fitted with 
a dry filter paper, and the absorption of the clear filtrate is 
measured m the Spekker nbsoiptiomctcr or a similar in 
stmment, using 1 cm cells and Ilford no COl (sjicctram 
violet) filters NajS solution is used ns a sohent blank A 
calibration curve is determined m the usual wax 

(b) For quantities of 0 02-C 2 mg citnc acid The simplest 
way of merensmg the sensitinty of the method is to reduce 
the volume of the Nn_S extract The extent to which this is 
possible depends mainly on the mmimum volume required 
m the colonmctnc mstmment avadablc For quantities of 
20-200 /ig citnc acid, wnth a photoclcctnc test-tube colon 
meter (Hilger ‘Biochcm’ absorptiomctcr), about 3mL arc 
needed The preparation of the pentabromoacetone extract 
IB ns desenbed for the 0 1-1 0 mg range A C ml sample of 
the extract is measured into a colonmeter tube and shaken 
wnth 3 ml NnjS solution The tube is centnfuged bghtly for 
1 mm Rcadmgs are taken without rcmovmg the petroleum 
layer 

Comments 

Precautions The use of test tubes perimts the simultaneous 
analysis of a largo number of samples The use of a measured 
portion of the light petroleum extract makes it possible to 
dispense with repetition of extractions and with washmg 
opomtions (cf Natclson et al 1947) Unsatisfactory results 
can usually be traced to one of two sources of error mcom 
ploto removal of free Bij or contammation of the petroleum 
extract with acid The former is recognized by the coloration 
of the petroleum extraet, unless this is completely colourless 
it IB better to discard the sample than to complete the 
reduction of Br, by a further addition of thiosulphate The 
use of thiosulphate is preferable to that of hydmzme sul 
phate, as its action is mstantaneons and not accompamed 
by gas evolution which may bo troublesome during the 
subsequent extraction Contammation with acid may be 
duo to faulty separation or to msufiScient cleaning of wash 
bottle heads or stoppers It is advisable to keep separate 
sets of these for the two extractions 

Colour stability The addition of a stabihzmg solvent to the 
NajS extract is unnecessary, likewise no advantage was 
found m usmg ice cold Na-S solutions, smee lower readmgs 
were obtamed than with solutions at room temperature 
For all practical purposes the colour is stable for at least 
30 mm. at about 1 8°, especially if protected from strong hght 
Bata on colour fading are contamed m Table 1 The fadmg is 
slower m the more concentrated solutions 
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Tftblo 1 Colour fading of sodium sulphide cxlracls after shaling 
with light petroleum solutions of pcntabromoacctonc 

Tune of measurement (hr ) 


Tern 

perature 

(°) 

17-20 

Exposure 

to 

daylight 

+ 

0 

1 

2 

3 4 

Extinction coofiioionts 

A 

6 

21 

46 

r 

0100 

0 087 

0 031 

0 076 

0 072 

0 071 

0 043 



- 

0 100 

0102 

0 099 

0 093 

0 093 

0 086 

0 050 

— 


+ 

0 201 

0178 

0166 

0163 

0 160 

0 147 

0 087 

0 063 


- 

0 201 

0 201 

0191 

0188 

0186 

0171 

0103 

0 077 


+ 

1 00 

0 99 

0 92 

0 89 

0 87 

0 83 

0 68 

0 390 


- 

1-00 

100 

0 90 

0 94 

0 92 

0 90 

0 66 

0 460 

3 

— 

0 965 

0 980 

— 

— 

— 

— 

— 

0 686 


The light sensitivity of the colour is a httle troublesome 
Tvhen the absorption is measured m tubes with the Hilger 
‘ Bioohem’ ahsorptiometer Hero the mcident hght beam is 
concentrated on the solution in a sharp focus by a condensmg 
lens This causes a slow, but completely reversible, decrease 
of hght absorption Rehablo results can be obtained by 
taking qmck readings and by twistmg the tube slowly 
during exposure, thus continuously mixing irradiated and 
unirmdiated parts of the solution No such colour instabihty 
was noticed when flat-sided cuvettes were used 
Accuracy The cahbration curve is a straight hne going 
through the ongm The standard deviation of an estimation 
18 well below 2% within the range of 0 2-1 0 mg oitnc acid 
(Table 2) Standardization of the temperature (18°) and 
duration (1 mm.) of the Na^S extraction is important for 
obtaining reproducible results Ifthe extraction is prolonged 
for more than 1 miru, a progressive reduction of colour 
intensity occurs 


Table 2 Analyses of pure citnc acid solutions 
(Eitraotion by 10 ml Na,S solution, Ilford filter 


Oiyst 

citnc 

No of 

Extmctiou 


Yield of 
penta 
bromo 

acid 

estuna- 

ooeffloient 

Standard 

acetone 

(fflg) 

tious 

(mean) 

deviation 

{%) 

010 

10 

01034 

0 00414 

103 

0 20 

10 

0 2029 

0 00314 

101 

0 30 

10 

0 3076 

0 00426 

102 

060 

10 

0 6026 

0 00403 

100 

100 

10 

0 9820 

0 00360 

100 


The colour mtensity corresponds to a yield of pure penta 
bromoacetone of slightly over 100 % This is probably con 
nected with the fact that, besides pentabromoacetone, small 
quantities of other bromoacetones, notably hexabromo 
acetone, are formed (Goldberg & Bemheun, 1944) 

SpecijicUy The following compounds, in amounts of 
0* 1 mmol , gave no colour in the test glucose, fimetose, n- 
ty iOSme, L-phenylalatune and the foUowmg acids glyoxyho, 
li-lactio, pyruvic, malomc, succinic, fumanc, maleic, tar 
tromc, nn-mahe, n-tartanc, a ketoglutano, L-a hydroxy 
glutanc, crotomc, (±) ^ hydroxybntrio, tncarballyho, oitra 
come, CIS and tram acomtic, (±) tsocitno, ni^threo and 
•Di^erythro 2 3 -dihydroxy butyric, n-glutamic, n-aspartic and 
lodoacetic 


Solutions of ncetoacetic ncid contanmg more than 
0 01 mmoL/ml give a yellow colour, but not after a pre 
liminnry boding with acid A specimen of oxaloacetic acid 
also gave a positive reaction, 1 ml of a 0 Isi solution 
simulating 0 226 mg citno acid- This reaction was unaffected 
by prehmmary boding with acid and it may have been due 
to contammation of the specimen with oitno acid or a related 
substance Itacomc acid, m contrast to citracomc acid, 
produces a yellow colour, 1 ml ofaO lit solution bemg equal 
m this respect to 0 80 mg citnc acid. This value was not 
changed by repeated recry staUization, it is, however, much 
smaller than that reported by Breusoh & Tulus (1947) 

In the presence of certam aromatic compounds, especially 
soheyhe acid, it is necessary to carry out a pr elimin ary 
brommation and to remove the brommation product by 
filtration or by extraction with light petroleum 

Recovery The following substances, m amounts of 
0 1 mmol , did not mterfere with the recovery of 1 mg citnc 
acid by the usual procedure glucose, pyruvic, suocimc, 
fumanc, maleic, cis and Irons acomtic, glutamic and p 
hydroxybutync acids In the presence of some other sub 
stances, notably hydroxy acids, but also fructose, malomc 
and a ketoglutano acids, recovenes were only quantitative 
if an excess of Brj and vanadate was ma in tai n ed. Undue 
reduction of Brj is recognized by the colour of the solution 
veering towards green durmg mcubation at 60° In this case 
more Br^ is added m the form of a saturated solution of Br, 
m 9li HjSO^, m portions of 1-2 ml , untd the orange colour 
of the solution, or brown vapours above it, persist Additional 
Br, (1-7 mh of the solution) was required m presence of 
0-1 mmol of the following substances fructose, malomc, 
lactic, maho, a hydroxyglutanc, a ketoglutanc, oxaloacetic, 
tsocitnc, tartanc, tartromc and 2 3 dihydroxybutync acids 
Brovided the addition of bromme\waB early and suflicient, 
recovenes of citnc acid were quantitative In these expen 
ments a 3 % solution of ammomum vcpadate was used. 

The presence of any of the substanch^ mentioned m high 
concentration is a comphcation which may require some 
adjustment of the standard procedure ks far as the amounts 
of Br, and vanadate solutions are concerned The vanadic 
acid method is more adaptable m this respect and gives better 
results than the permanganate method. 

Pre treatment vnth periodic acid Some mterfering sub 
stances may he remqyed by a prehmmaiy treatment with 
penodic acid^, The^ mclude not only o glycols, such as 
tartanc acid, or polyhydroxy compounds, such as mono or 
di sacchandes, etc , but also glyoiyhc, malomc and tartromc 
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acids (Spnnson & Chargaff, 1940) The following procedure 
gave quantitative recovery of eitno acid (1 mg ) m the 
presence of 0 1 mmoL of fructose or tartano acid 0 5 ml of 
a saturated solution of sodium ponodato is added to 3-5 mL 
of the neutral solution to be analysed After standmg at room 
temperature for 16 min. the solution is acidified wth 0 3 ml 
IOn HjSO^ and a 2 m solution of KI is added dropwise, until 
the solution is famtly yellow lodato formed m the reaction 
IS thereby reduced to I, After addition of 0 1 ml 0 % HjO, 
(to reduce excess penodic acid to L) the solution is measured, 
filtered from separated I, and extracted twice with 3 ml hght 
petroleum A sample of the filtrate (3-4 ml ) is mixed with 
0 2 ml 30% ICBr (to remove excess HjOj), made up to 6 ml 
and analysed by the usual procedure 
Modifications of the estimation of pentabromoacetone. Some 
recent modifications of citno acid analysis concern the 
estimation of pentabromoacetone This substance is esti 
mated either by its colour reaction -with Na_S or related 
compounds, or by procedures m which inorgamo bromide is 
liberated and measured by titration or by optical methods 
The latter procedures are less specific than the former, as 
the extract may contam other brommation products which 
bberate bronude, but do not give the colour reaction with 
sulphide (of. Brousoh &. Tulus, 1947) In the method of 
Tauss^ & Shorr (1947) the solution of pentabromoacetone 
IS shaken with ethanoho Nal solution and the liberated I, is 
measured optically The colour mtensity produced, and 
therefore the sensitivity of the method, is not supenor to that 
of the NajS method The method has further the great dis 
advantage that the colour mtensity slowly increases for 
several hours (Table 3) 
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solutions changes to tlic 3 cllow colour (absorption maximum 
400 mp ) at alkaline iili and vice i ersa However, with a 
4% thiourea 2% borax solution contaimng 0 00% NajS 
the same pmk colour is produced ns mth a neutral thiourea 
solution 

At present wc are not sufficiently impressed b3 the advan 
tages of the thiourea method to substitute it for the well 
tned sulphide method 

Estimation of citric acid in biological fluids 

Scrum or plasma Tlio sample (3 ml ) is added 
slowly, xvith shaking, to 10% tricliloroncotic acid 
(25 ml ) A portion of the filtrate (20-22 ml ) is 
transferred to a small conical flask contaming one or 
taio glass beads and the neck is lighth plugged with 
gloss wool to prexent sploshing Tiie solution is 
boiled dowm to 2-3 ml on a hot plate and the residue 
13 poured into a test tube and made up to 5 ml wnth 
the rinsmgs of the flask and glass wool The further 
nnnl3’Si8 is carried out accorchng to the procedure for 
the 0 02-0 2 mg range Roco\or3 of added citric 
acid was good (Table 4) A number of anal3-se3 on 
human sera ga\ 0 results between 15 and 35 pg /ml 

Recently', microcolls for use wnth the Spokker 
absorptiomoter became a\ ailable to us They permit 
estimations on 0 5 ml solution and pro\ ed very 
useful for the estimation of citric acid in serum The 
light petroleum extract was shaken wnth 1 ml 2 % 


Table 3 Extinctions of various extracts (10 ml) after shaking loith light petroleum solutions of 

pentabromoacetone (0 897 mg in 6 ml ) 


Ilford 

Bpootrum 


Extraction by filter no 

NajS (2%) 001 

Ethanoho Nnl (10%) 001 

Thiourea (4%) m ^rax (2%) 001 

Thiourea (4 %) +Na,S (0 00 %) 003 


Natelson e< al (1948) have advocated tho use of thiourea 
at pH 9 2, instead of NojS They claim that the colour is 
stable at room temperature, and that tho oxtmction coeffi 
oient IS approximately twice that of the NojS colour Usmg 
the Spekker absorptiometer with’ Ilford filter no 001 
(maximum transmission about 440 mp ) we obtamed, with 
the method of Natelson cf of , an extmotion coefficient only 
10-16% higher than with NojS, but the stobility of the 
colour was considerably less (Table 3) 

Natelson et al observed a different colour (absorption 
maximum at 610 mp.) after prolonged shaking of a neutral 
thiourea solution with a hght petroleum solution of penta- 
bromoacetone We found that this colour develops rapidly, 
m about 0 6 mm , if the thiourea solution contams 0 06% 
Na,S Under these conditions fadmg was mdeed reduced to 
a TninuTmin The extmotion coefficient, read with Ilford 
filterno 603 (maximum transmission at about 600 mp ),wa8, 
however, substantially the same as that obtamed by other 
methods (Table 3) According to Natelson et at the pink 
colour (absorption maximum 610 mp.) of neutral thiourea 


Time of measurement (hr ) 






0 

1 

2 

3 


Extinction ooofBcients 

-A 


t 

0 600 

0 490 

0 476 

> 

0 400 

0 446 

0 600 

0 630 

0 640 

0 676 

0 420 

0 380 

0 305 

0 640 

0 640 

0 630 

0 633 

sodium sulphide solution and about 0 5 ml of the 
coloured aqueous layer was withdrawn xvitli a teat 

pipette and placed m 

the microcell 

IVIien usmg this 

Table 4 

Recoverg of citric acidfrom horse serum 


Citno acid (pg ) 



A, 


_ 'Rpr>nvflrxr 

Added 

Found 

Rccoxered (%) 

0 

29 2 

— 

— 

20 

48 2 

19 

95 

40 

09 0 

30 8 

99 8 

CO 

88 8 

69 6 

99 3 

80 

109 0 

79 8 

99 8 


modification we hod difficulties with trichloroacetic 
acid ns deprotemizmg agent Metaphosphoric acid, 
too, was unsatisfactory, but tungstic acid filtrates 
gave consistent results A disadvantage of tungstic 
acid filtrates is the appearance of a precipitate of 
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excess tungstic acid in the strongly acid solution m 
irluoh the oxidation and broroinntion of citrio acid 
18 earned out Tlus docs not interfere vnth the 
reaction, but it makes the remoi al of the aqueous 
layer by blou-mg out impossible Instead, the 
petroleum laj'cr is sucked off 

Ccrcbrospinalftiid Thecsf (l^ol ) is mixed with 
30 % trichloroacetic acid (0 1 vol ), and 1-3 ml of the 
filtrate are directly analysed without further pre 
treatment Range 40-80 pg /ml (cf Benm,Larsson 

Thunberg, 1943) 

Urine Protem, if present, is removed bj pre 
cipitation with tncliloroocetic acid, turbidities by 
filtration, acetoacetic acid by bodmg with dilute 
acid, and aromatic compounds, such as salicylates, 
by prehmmarv brommation No prelunmary treat 
ment whatever is required for normal urmes which 


are analj sed directly after smtable dilution Samples 
of 1-6 ml of urme diluted fivefold usually give satis- 
factorj' reodmgs Recovery of added citno acid was 
quantitative 

SUMMARY 

1 A modification of the colonmetnc estimation of 
citric acid is described m winch permanganate is 
replaced bj i anodic acid This gives mcreased sun 
phcitj and speed of operation, and greater freedom 
from mterference bv other oxidizable substrates 
The yield of pentabromoacetone is almost quan- 
titative 

2 Some recent modifications of the colonmetnc 
estimation of pentabromoacetone are cntically 
exammed 
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27 THE ORIENTATION OF CONJUGATION IN THE METABOLITES OF 4 CHLORO- 
CATECHOL AND 4 CHLORORESORCINOL, WITH SOME OBSERVATIONS 
ON THE FATE OF ( + ) ADRENALINE, PROTO CATE CHU 1C ACID 
AND PROTOCATECHUIC ALDEHYDE IN THE RABBIT 


Bv K S DODGSON* Aim R T WILLlAMSf, Beparimenl of Biochetmstry, Umverssty of Ltverpool 

(Received 6 May 1949) 


Garten & Wilhams (1948) have shown tliat catechol 
gives nse to monoconjugates, o hydroxyphenyl- 
gluouromde and o hydroxyphenylsulphuno acid, m 
the rabbit Qumol and resoremol also form mono 
conjugates m the rabbit (Garton & Wilhams, 1949) 
The object of the present work was to find out which 
of the two hydroxyls becomes conjugated if a third 
group X is present m a position para to one of the 

• Present address Physiology Institute, Newport Road, 
Cardiff 

t Present address Department of Biochemistry, St 
Mary’s Hospital Medical School, London, W 2 


l^ytfroxyls m catechol compounds \Ve first studied 
protocatechmc aldehyde (X = CHO), protocateohmc 
acid (X = COOH) and ( + ) adrenahne 

(X=CH(OH) CHjNHMe) 

These three compounds formed glucuromdes m the 
rabbit, but we did not succeed m isolatmg them m 
a orystaUme state The structure of these glucuro 
nides could not therefore be rigidly proved With 
4 chlorocatechol (X = Cl), however, we succeeded m 
isolatmg m high yield a crystaUme monoglucuromde 
whose structure could be deter mm ed The structural 
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problem amounted to proving that the isolated 
glucuromde was either 4 chloro- (I) or 6 cliloro 2 
hydroxyphenylglucuromde (II) 

_ Cl_ 

(I) (H) 

Smce oWorocateohol formed a monoconjugato, it 
was mterestmg also to know whether 4 clilororo 
soromol and cliloroquinol formed monoconjugates, 
because the formation of monoconjugates m these 
compounds raises mterestmg questions concerning 
the orientation of conjugation The study of tlio 
isolation and structure of 4 chlororesorcmol gluou- 
ronide is also mcluded m tlus paper In this case the 
structural problem mvolved consisted m proving 
tliat 4 chlororesorcmol glucuromde was eitlier 4 
chloro or 6 cliloro-3 hydroxyphenylglucuromde 
Our studies on chloroqumol wiU be reported m a 
future paper 

METHODS AND IMATERIALS 

MatenaU 4-Chlorocateohol henuhydrato {m p 81°) was 
prepared according to WiUstatter L JlOJlor (1911), and 4- 
ohlororesorcinol (m p 105°) according to Rcinhard (1878) 
(cf Moore, Day &. Suter, 1934) ( + ) Adrcnalmo (m p 210°, 
[a]^® + 60° in 0 1 N HCl) was the gift of Burroughs WcUcomo 
and Co Protocatechuio aldehyde (m p 154°) ■was a com 
mercial sample Protocatechuio acid (m p 197-198°) was 
prepared m good yield by adding vonillm m small quantities 
to fiised KOH, the method bemg a shght modification of that 
of Tiemarm L, Haarmann (1874) 

AnimaU The rabbits used wore kept on a diet of either 
60 g or 76 g /day of Lever’s cubes inth ivater ad hb 

Analytical mcihoda Ethereal sulphotcs and glucuromo 
acid m urme were determmed as m carher papers m this 
senes (M'llhams, 1938, Hanson, JIiUs A Wdhams, 1944) 

Reference compounds 4-Chloro 2 methoxyphenyl bon 
zoate (m p 78-79°) was prepared accordmg to Jona & Pozzi 
(1911) 

Synthesis of i-chloro 3 methoxyphenol This compound was 
ongmally desenbed by von Auwers L Pohl (1914-16), who 
obtamed it m small yield by a lengthy procedure Wo pro 
pared it by a Sandmoyer reaction fixim 4-ammo 3 methoxy 
phenol Resoremol monometbyl ether (Dey, 1936) wtis con 
verted through p sulphophonylozo m methoxyphenol to 4 
ammo 3 methoxyphenol (Hoidelborger A Jacobs, 1919) 
CuCl obtamed from 12 6 g CuSO^ 6H,0 was dissolved m 
20 ml cone HCl This solution was added to the solution of 
the diazomum compound obtamed by treatmg 3 g 4-ammo 
3 methoxyphenol dissolved m 30 ml 5-6 n HCl with 1 6 g 
NaNO, at - 6° The mixture was then refiuxed for 46 mm , 
whereby N, was hberated and a dark coloured od separated 
This oil was extracted with ether and the extract well washed 
with water The phenol was now transferred to 2 n NaOH by 
extraction and finally the alkalme extract was acidified with 
2 n HCl and the phenol extracted with ether After drying 
with anhydrous N£ 4 S 04 , treatmg with ohorcoal and 
evaporating the ether, a dark coloured gum was obtamed 
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which slonly crjstnlhzcd (jicld, 1 4 g ) On distiUation m 
a vacuum (140-1607 1 inm ) 0 8 g of 4 chloro 3 methoxy 
phenol was obtained After reerj stallization from acetone 
water the phenol was obtained ns white plates, m p 77-78° 
(hound OJIc, 10 0 Calc for C,H,OjCl OMc, 10 0% ) 
Von Auwers A Pohl (1014-15) gi\e m p 79-80’ 

4 Chloro 3 melhoxyphcnylp loliicnesulphonalcuasobtamcd 
m good jield m the usual manner usmg aqueous NaOH and 
p tolucnesulphonjl eldonde It formed plates, m p 05-60°, 
after rcerystallization from aqueous ethanol (Found C, 
63 9, H, 4 2, Cl, 11 0, S, 10 0 Ci.HjjOiSCl requires C, 63 8, 
H.4 2.a, 11 3,S, 10 3% ) 

RESULTS 

Table 1 show's that both 4 chlorocatccliol and 4- 
chlororosorcinol wore excreted complotelj' con- 
jugated with glucuvowic and Bulphuric acids, the 
ratio glucuronido/cthcrcal sulphate being about 0 for 
clilorocatechol and 3 for chlororesorcmol M ith 
protocatechuic aldohjdo and acid, how oxer, there 
was by no means a complete conjugation, for just 
o\ or 40 % of the aldohj do and about 30 % of the acid 
could bo accoimtod for by conjugation 

In the case of tlio aldohj do, largo amounts of free 
protocatechuio noid could bo isolated from the 
acidifiod urmo by extraction wnth other Tins acid 
no doubt aocoimts for the rest of tho aldohj do It 
was also found that two glucuronides wore bemg 
excreted, one which could be isolated as a gum and 
appeared to bo a protocatechmc acid glucuromde 
and tho other a protocatechuic aldehj'de glucuromde 
winch could bo isolated as a 2 4 dinitrophonj 1- 
hydrazono As these glucuronides wore difficult to 
purify, thej' were not further studied 

In tho case of protocatechmc acid, a considerable 
amount of tlus acid can bo extracted from the 
acidified urmo with ether In one experiment we 
recovered m crjetallme form some 30 % of the dose 
It appears, therefore, that about one third of the 
acid fed appears m the urme conjugated and the rest 
m the free state 

The results with ( -f ) adrenalme are different from 
nU the others The ethereal sulphate figures are 
probably not significant, whereas the glucuromc acid 
figures suggest that some 20 % of the adrenalme fed 
was excreted as glucuromdes We spient a consider- 
able tune studjnng tho nature of these glucuromdes, 
but we did not reach definite conclusions because the 
glucuromdes were non crjetallme We were, how 
ever, able to show that two gluciuonides were bemg 
excreted, one bemg a ( -F ) adrenalme glucuromde 
givmg ( + ) adrenalme on hydrolj'sis, and the other 
a mtrogen free glucuromde contammg a cateoliol- 
hke substance, as mdicated by absorption spiectro- 
photometry The second glucuromde no doubt arises 
from deammation products of adrenalme and it can 
be separated cliromatographically from the first 
glucuromde Colour tests mdicated that, m the 
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Table 1 Glucuronic acid and ethereal sulphate excretion of rabbits receiving 4 substituted catechols orally 

Ethereal Bulphato Qluouromo Dose (%) 

(mg SOJday) acid (mg /day) excreted as 


Compound fed 

Rabbit 

no 

Wt 

(kg) 

Dose 

(mg) 

Average 

normal 

‘Extra’ 

Average 

norm^ 

‘Extra’ 

Ethereal 

sulphate 

Qlucu 

romde 

4- Chlorocateohol* 

143 

29 

430 

35 8 

31 2 

247 

493 

14 0 

910 


146 

26 

370 

348 

412 

208 

407 

21 4 

87 0 


140 

2 16 

320 

30 0 

18 0 

217 

363 

10 6 

846 

4-Chlororesorcmol^t’ 

128 

30 

460 

18 2 

61 1 

124 

476 

20 6 

78 8 


129 

30 

460 

19 6 

71 4 

161 

469 

28 6 

76 0 


130 

30 

450 

18 3 

67 4 

182 

484 

23 0 

80 0 

Protocatechmo aldehyde'll 

83 

3 1 

775 

18 8 

90 7 

121 

273 

20 2 

26 1 

114 

27 

630 

20 7 

60 8 

108 

242 

141 

27 1 


117 

24 

001 

20 2 

61 3 

123 

239 

14 7 

28 1 

Protocatechmo acid'IJ 

80 

3 1 

774 

26 3 

62 1 

— 

— 

16 6 

— 

81 

2 46 

013 

24 0 

442 

— 

— 

13 9 

— 


124 

33 

826 

29 3 

40 1 

80 

160 

94 

16 4 


125 

30 

900 

110 

70 8 

88 

219 

16 4 

19 4 


120 

36 

900 

17 3 

63 1 

102 

220 

114 

19 4 

(-¥) Adrenahnel' 

08 

2 85 

710 

17 0 

13 3 

147 

142 

43 

18 9 

102 

20 

730 

22 0 

21 6 

148 

163 

67 

19 7 


101 

286 

713 

33 0 

00 

— 

— 

00 

— 


60 

2 65 

610 

26 6 

00 

160 

103 

00 

19 1 


67 

25 

600 

30 8 

16 0 

149 

167 

69 

29 6 


08 

29 

680 

— 

— 

174 

126 

— 

20 6 


* Diet 76 g Lever’s cubes/day 
t Diet 60 g Lever’s oubes/day 

j The results quoted for these oompounds were obtamed by Dr Q A Carton 


gummy ( + ) adrenalme gluotiromde, the gluonromo 
acid molecule is attached to one of the phenolic 
hydroxyl groups of adrenalme 

The metabomtes of 4 chloeocateohol 

The structure of i-chlorocatechol glucuronxde 

The glucuronxde gum Twelve rabbits received coUeotively 
G g of chlorocateohol hemihydrate (0 76 g each) dissolved m 
water The24-hr urme (1200 mL) appeared normal m colour 
and gave an mtense Tollens test for gluouromo aoid but no 
reaction with Fed, or Benedict reagent It was made acid 
to Congo red with dilute 0* and saturated with fNHjljSO* 

To the mixture 60 ml ofl 6 ethanol ether were added, and 
the precipitated salts filtered off The clear filtrate was now 
exhaustively extracted m a separating funnel with 200 mL 
portions of the 1 6 ethanol ether mixture After drying 
over anhydrous Na^ 04 , the yellowish extract was treated 
with charcoal and filtered. The filtrate was taken to a dark 
gum (16 g ) »n vacuo at a low temperature This gum, which 
18 presumably d~chlorocatechol glucuronide, did not crystallize 
It formed a crystalhne salt (m p 108-109°) with benzylamme 
which appeared to contam two molecules of benzylamme 
This salt was, however, unstable 4-Chlorocateohol itself 
formed a orystaUme salt (m p 61—62°) with benzylamme 
These salts were not further mvestigated owing to their 
mstabihty 

The glucuromde gum gave on mtense Tollens test but no 
colour with Fedj With 2 G^diohloroqumonechloroimide it 
gave a deep blue colour at pH 7 The latter test mdicates the 
presence m the compound of a free phenohe hydroxyl group 
with the position para to it unsubstituted. 


irChloTO 2-methoxyphenyiglucuronamide The above gum 
(12 g ) was dissolved m 100 ml absolute ethanol and re 
peatedly methylated with excess ethereal diazomethane for 
12 hr periods at room temperature until the colour test with 
2 6-dichloroqumoneohloroiimde was negative Filtration 
and removal of the solvents left a clear gum which did not 
crystallize 'The gum appears to be i-chloro 2 methoxyphenyl 
glucuronxde methyl ester (Found OMe, 19 4 CnHj,OjCl 
requrres OMe, 17 8% ) 

This ester (12 g ) was dissolved m the m in i mum of absolute 
methanol and the solution saturated with dry NH, at 0° The 
flask was stoppered and kept at 0° for 12 hr After that time 
the whole had set to a gelatmous mass, which crystallized 
on adding a few drops ofacetone and scratching The crystals 

(9 2 g , m p 216°) were filtered and washed with 30% 
ethanol from which solvent it crystallized as long colourless 
narrow plates, m p 218° and [a]^ — 96 16° ( 0 = 0*2 m 60% 
aqueous acetone) The d^chloro ^methoxyphenyl-^ D-glucuro 
namxde monohydrate was insoluble m cold water, ether, light 
petroleum and benzene, shghtly soluble m ethanofr soluble m 
acetone water nuxtures and readily soluble m hot ethanoL 
water and acetone (Found C, 46 0, H, 6 2, H, 3 9, CL 10*0, 
H,0, 4 6 Cj,H„0,NCl H,0 requires C, 44 4, H, 6 2, N, 4 0, 
CL 10 1, H,0, 6 1%) The yield of this amide corresponded 
to 60 % of the chlorocatechol fed. 

Hydrolysis of the above amide and isolation of d-cMoro 
guaxacol The amide (1 5 g ) was heated on a boding water 
bath for 6 hr with 60 ml K HCL The amide gradually dis 
solved and eventually a brown oil separated. The mixture 
■was cooled and extracted with ether After keeping overnight 
over anhydrous Na,S 04 , the ethereal extract -was treated 
■with charcoal and filtered. The now pale yellow filtrate -was 
evaporated at room temperature to a partly crystaUme sohd 
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consisting of chloroguaiacol Tina ivns bcnzoylntcd mth 
benzoyl chlonde and NaOH On pouring the bcnzoylatcd 
mixture mto ivater a solid (0 9 g ) separated This ivaa re 
crystallized (charcoal) from ethanol, i leldmg 0 66 g of 
colourless plates, m p 72“ Further recrystallizntion from 
ethanol raised the m p to 78-79“ and tho compound was 
identified as 4-chloro 2 methoxyphcnyl benzoate (Found 
OMe, 11 9 Calc for Cj,Hj,0,Cl OMo, 118%) It did not 
depress the m p of authentic 4-chloro 2 mcthoxyphenvl 
benzoate (m p 78-79°) prepared accordmg to Jona Pozzi 
(1911) Tho other isomer, 5 chloro 2 mothoxj-phenyl ben 
zoate, melts at 66-68° (Jona &, Pozzi, 1911) 


The ethereal sulphate of chlorocatechol 

The urme of tenrabbits which had received collectively lOg 
of chlorocatechol was collected for 2 days (261) and then 
concentrated to 600 ml under reduced pressure Tho con 
centrate was saturated with (NHj)jSOi and extracted with 
4x300 ml acetone These extracts, after the addition of 2 g 
KjCOj to mamtam the solution alkalmo, were reduced to 
200 mL in lacuo At this stage the material contamed 
ethereal sulphate and some glucuromde, but gave no test 
with FeClj Much of the glucuromde was thrown ont ns a 
gum on pourmg the extract mto 1 1 dr} acetone Tho 
acetone solution was now reduced to 100 ml and again 
poured mto 1 1 dry acetone In this way tho whole of tho 
glnonromde was removed and the final acetone solution was 
now reduced to 100 ml This solution was now diluted with 
300 ml absolute ethanol and then treated with an cthanoho 
solution of anhydrous oxahe acid Tho precipitated urea 
oxalate was removed, the filtrate made alkaline with 
ethanoho KOH and then reduced to small bulk, and tho whole 
process repeated. In this way tho urea present was removed 
Excess oiaho acid was removed by makmg tho concentrate 
alkalin e with ethanoho KOH and filtermg off the precipitated 
potassium oxalate Fmally, a dark brown syrup was obtamed 
which reacted strongly for ethereal sulphates, but gave 
negative tests for glucuromde and morgamo sulphate The 
FeClj test was negative, but became mtenscly positive for 
catechol on acid hydrolysis With 2 6-dicliIoroqnmone 
chloromudo the gum gave an mtenso blue colour which sug 
gested that the ethereal sulphate was 4-chloro 2 hydroiy- 
phenylsulphuno acid Wo wore unable to mduco the gum to 
crystallize 

The gum was therefore methylated in tho usual way with 
methyl sulphate and NaOH until tho blue colour given by 
2 6-dichloroqumonechloroimido had disappeared, and m this 
way 1 6 g of a methylated gum containmg ethereal sulphate 
was obtamed Tho gum was hydrolysed by boding for 20 mm . 
with 3 n H.SOi and tho phenol set free was extracted with 
ether The ether yielded 0 8 g of a reddish gum (Found 
OJfe, 16 0 Calc for C7H,0,C1 OMe, 19 6%), which is pro 
sumably crude ohlororaethoxyphenol This matcnal was 
benzoylated, but the product would not crystallize The 
benzoylated gum was therefore distdled at 80° m a vacuum 
( < 1 mm ) and the straw coloured distdlato crystalhzed on 
seedmg with authentic 2 methoxy 4 chlorophenyl benzoate 
On re crystallization from ethanol 14 mg of 2 mothoxy-4- 
ohlorophenyl benzoate m p and mixed m p 79° were 
obtamed (Found OMe, 11 6 Calc for CjjHjjOjCl OMe, 

118% ) This experiment suggests that the ethereal sulphate 
m chlorocatechol urme is 4-chloro 2 hydroxy phenylsul-' 
phunc acid 


The metabolitfs of 4 CHLononEsonctNOL 

4^-chlororcsorcinol glucuromde 

The glucuromde gum Atotalof6 4g of4 chlororcsorcmol 
was fed to six rabbits Tlie urme (850 ml ) was non reduemg, 
ga\o no colour with FeClj, but ga\o a strong naphthorcsor 
emol test Tho glucuromde gum (9 g ), prcsumablj 4-ehhro 
resorcinol glucuromde, a as obtained by ether ethanol ox 
traction as described for chlorocatechol glucuromde 

4 Chloro 3 mclhoxyphcnylglucuTonamidr Repeated me 
thj lation of tlio gum m itli ethereal diazomethanc yielded the 
non crystallmo ester, 4-chloro 3 mrthoTyphcnylglucuronic 
acid methyl ester (Found OMe, 17 9 CnH,jO,Cl reqmres 
OMe, 17 8°o ) Treatment of the ester m dry methanol with 
gaseous NH, yielded 6 2 g (eqmvalcnt to 60% of tho dose) 
of crude 4-chloro 3 mcthoxyphenyl ^ d glucuronainide mono 
hydrate TIio amide formed small plates from water mth 
mp 214-216° and [aJn = - 103 3° {c=0 2 m 60% aqueous 
acetone) (Found C,44 7,H,5 3,N,4 l.OMe.O 0,HjO,4 7 

C„H„O.NCl H.O requires C, 44 4, H 5 2, N, 4 0, OMe, 8 8, 
H,0,5 1% ) 

Uydrolysis of the ahoce amide and isolation of 4-chloro 3 
methoxyphenol The above glucuronamide(l 4g ) washjdro 
lysed by hcatmg on the water bath for 6 hr with 60 ml fix 
HCl The hydrolj sate ivas black m colour and a black gum 
separated It appears that the hy drolysis is compheated by 
tho combmation of glucuromc acid and/or its degradation 
products with tho phenol set fircc, as was found in tho case of 
resorcinol gluouronido (Garton A Williams, 1949) Tho whole 
of tho hy drolysato was cxhaustii ely extracted with ether 
The extracts were washed mth water and extracted with 
2n NaOH The alkalmo extract was now acidified with 
2h HCl and tho phenol extracted with ether After drying 
with anhydrous NajSOj and treatmg aith charcoal, tho 
ethor was evaporated Icavmg 0 55 g of a black gum This 
gum was now subjected to vacuum distillation (<1 mm ) 
Tho Craotion distillmg at 150-160° (bath temperature) was 
a pale straw coloured nscous oil (0 IS g ) which crystallized. 
On recrystalhzation from acetone water, the matenal was 
identified ns 4-chloro 3 methoxyphenol, m p and mixed 
m p 77-78° (Fonnd OMe, 19 3 Calc for C,H,0,C1 OMe, 
19 6 % ) Tho p toluenesulphonate was prepared and on 
recrystalhzation from aqueous ethanol yielded plates m p 
and mixed m p 65-60° with the authentic sample prepared 
above 


DISCUSSION 


It IS clear that the glucuromdes excreted by rabbits 
recenung 4-clilorocateohol (IH) and 4 ohlororesor- 
cmol (V) are monoglucuronides, and can be described 
os 4 cliloro 2 -h 3 'droxj'phenydglucuronide (IV) and 
4 chloro 3 hyi:oxy'phenylglnouronide (VT), re- 
spectively 
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Neither of these compounds was obtnmed m a 
crystalhne state, but they wero readilj'^ chnmctenzed 
as the crystalhne amides, 4 ohloro 2 methoxy 
phenyl jS D glucuronamide OTl, monohydrate, 
mp 218°) and 4-chloro 3 methoxy-^ d gluouron- 
amide (IX, monohydrate, m p 214—216°) vrluch 
were obtnmed m excellent jnolds The position of 
con3Ugation was determmed by the hydroljmis of 
these amides and identification of the resultmg 
chloromethoxj'phenols The amide (ITI) jnelded 4- 
ohloro-2 methoxyphenol (Vi 11) chnrnotenzed ns the 
benzoate, and (IX) yielded 4 cMoro 3 methoxy- 
phenol (X) characterized ns tlie p-toluenesul- 
phonate 



(VH) (ITU) 



(IX) (X) 


The present results raise a number of mterestmg 
questions concemmg the orientation of glucuromc 
acid conjugation It lias already been shown that m 
the rabbit catechol, resorcmol and qinnol are con 
jugated on one hydroxyl only (Garton & W illiams , 
1948, 1949) This has now been shown to apply m the 
cases of 4 chlorocateehol and 4 chlororesoromol, but 
with these compounds a further pomt arises because 
the two hydroxyls, m each case, are differently orien- 
tated m relation to the third substituent, ohlonne 
In both cases conjugation appears on the hydroxyl 
which IS para to the chloro group In 4 ohlorocate 
ohol the hydroxyl group meia- to the chloro group is 
nnconjugated, whereas m 4 chlororesoromol the im- 


conjugated hydroxyl group is ortfw to the chloro 
group It 18 thus clear that conjugation takes place 
at the hydroxyl wluch is farthest from the chloro 
group Before, however, we can make defimte state 
ments about this orientation we must await results 
with eliloroquinol in wluch one hydroxyl is ortho 
and the other nicto to the chloro group K the 
orientation of conjugation is simply a matter of 
distance then it can be predicted that chloroqumol 
wiU be conjugated at the meta hydroxyl 

It IS mterestmg to compare the conjugation of 
cliloroeatechol and clilororesorcmol with that of 
catechol and resorcmol The relevant figures are 
given m Table 2 which shows that the total con 
jugation of the chloro comjiounds is higher than the 
dihydroxybenzenes This is clearly tlie case with the 
resoromols, although the ratio glucuromde/ethereal 
sulphate for chlororesoromol is approximately the 
same as for resorcmol In the case of resorcmol, 
Garton &, Williams (1949) found that at least 10 % 
of the resorcmol fed could be recovered m the urme 
m the free state With the two catechols, there 
appears to be a shght suppression of sulphate con 
jugation and a shght mcrease m glucuromc acid 
conjugation, on gomg from catechol to 4 ohloro- 
catechol However, m view of the variations m the 
mdividual resulte it would be safer to conclude that 
the mtroduction of the chloro group mto the 4 
position of catechol has but httle influence on the 
conjugation of catechol, whereas the mtroduction of 
the chloro group mto the 4 position of resorcmol 
mcreases both the ethereal sulphate and the glucu 
ronic acid conjugations 

SUMMARY 

1 A study has been made of the conjugation of 
4 chlorocateehol and 4 chlororesoromol m the 
rabbit 

2 About 87 % of 4 chlorocateehol is excreted as a 
glucuromde, which was characterized as the crystal 
hne 4 ohloro 2 methoxyphenylglucuronamide and 
proved to be 4 chloro 2 hydroxyphenylglucuromde 
Some 16% of chlorocateehol forms a mono ethereal 


Table 2 The, conjugation of catechol and resorcinol and their 4 chloro derivatives in the rabbit 


Dose (%) excreted as 


Compound 

Dose 
(frg/kg 
body wt ) 

loot 

160t 

Ethereal 

anlphate 

{E) 

^ 

Glnonronide 

(G) 

OjE 

Total 

conjugation 

(O+E) 

Catechol* 

18 

70 

39 

88 

4- Chlorocateehol 

16 3 

87 

6 7 

103 

ResorcinolJ 

loot 

160t 

13 6 

62 

39 

65 

4-Chlorore8orcmol 

24 

78 

33 

102 


* Pigures quoted from Garton Wflliams (1948) 
t In approximately molecular proportions 
% Figures quoted from Garton & Wilhams (1949) 
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sulphate which is 4 chloro 2 hydroxyphonylsul- 
phunc acid 

3 Similarly, 4 chlororesorcmol forms 78% of 4 
chloro 3 hydroxyphenylglucuromdo, charactorizod 
as 4 chloro 3 methoxyphenylglucuronamido Some 
24% 18 excreted os ethereal sulphate 

4 The orientation of conjugation m these two 
compounds is discussed, and it appears that con- 
jugation takes place at the hydroxyl group para to 
tlie chloro group 

6 { + ) Adrenaline forms 20% of glucuronido but 


1949 

practically no ethereal sulphate The rasults suggest 
that { + ) adrenaline is conjugated on one of its 
phenolic hydroxjd groups 

0 With protocatcchuic acid, some 30 % is con- 
jugated and the rest is excreted unchanged 

7 Protocatcchuic nldoh\do forms two glucuro 
nidcs, IS more highly conjugated than the acid and is 
largely transferred to protocatcchuic acid and its 
conjugates 

Tlic expenses ofthis work were m part dcEniycd bj a grant 
from the Medical Research Council 
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Occurrence of Cytochrome and Coproporphyrm in Mycobacteria 

By C M TODD, Travis and Btochemreal Laboratories, Medical School, 

University of Otago, Dunedin, New Zealand 

{Received 6 May 1049) 


Yaoi & Tarmya (1928) and Fujita A Kodama (1934) 
observed a four banded spectrum m tubercle bacilli, 
the bands correspondmg closely to those of reduced 
cytoclirome m yeast or heart muscle Frei, Ried 
muUer & Almasy (1934) confirmed the description m 
the case of Mycobacterium tubercidosis hominis, but 
observed a three banded spectrum lackmg com 
ponent c m strains of Mycobact avium and Mycobact 
tuberculosis boms In this laboratory it has been 
noticed that the absorption bands visible m sus- 
pensions of acid fast saprophytes vary m different 
species, some of which exlubit a distmct narrow band 
at 624 TBfi Tins band could bo attributed to the 
presence of cytochrome Oj, alternatively, it could be 
due to free porphyrm, the other bands of wluch are 
obscured by the cytoclirome spectrum 

Fischer & Fmk (1926) extracted from heat lolled 
tubercle bacdh a pigment that was identified spectro 
scopicaUy as a metal complex of coproporphyrm 
(bands centred at 622 6 and 660 4 mji ) The 
spectrum of free coproporphyrm was not visible The 
same authors, workmg witli extracts of crude tuber 
culm, observed mtense absorption bands attributed 
to protoporphyrm but ‘ only a very weak coprbpor- 
phyrm spectrum’ Smoe the culture media were not 


known to bo free from porphj-rm nutiaUj , Fischer A 
Fmk (1926) did not regard their results ns conclusix e 
evidence of porplijran formation by tubercle bacdh 
The occurrence of porplijurm m acid-fast bacteria 
was demonstrated unequivocally bj' Dh6r6, Glucks- 
mnnn A Rapetti (1933), who obseiwed the fluor- 
escence spectrum of coproporphyrm m cells of 
Mycobact smegmatis, Mycobact ranac, Mycobact 
tuberculosis hominis and Mycobact tuberculosis bovis 
(stram BCG) 

The work described m this pajier, origmaUy under- 
taken with the object of elucidatmg the ot 5 ’pical 
spiectra of certam mycobactena, led to the isolation 
of coproporphyrm IH 

METHODS 

Organisms The following were used Mycobact smegmatis 
(no 623), Mycobact phki (no 625), Mycobact sp Karhnsh 
(no 2071), Mycobact ranae{no 2801) and Mycobact stercons 
(no 3820) The numbers quoted are the catalogue numbers 
of the National CoUeotion of Type Cultures, Lister Institute, 
London The organisms were cultivated at 38° on meat 
mfusion broth contauung 2% (w/v) peptone and 6% (v/v) 
glycerol Cultures were harvested on the seventh or eighth 
day, and washed thnoe with distilled water (by oentnfhga 
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Table 1 Absorpiton bands observable tn suspensions of mycobacteria 


(Tluokness of suspension, 1 om Temp , 15-18° Presence or absence 
of each band is denoted by + or - respectively ) 





Absorption bands 

A 



Band no 

i 

1 

2 

3 

4 

6 

6 

Centre of band (rap ) 

Organism 

024 

698 

670 

664 

652 

626 

Mycobact phlei (glycennated broth) 

- 

+ 

- 

- 

- 

- 

Mycobact phlei (non glycennated broth) 

- 

+ 

- 

+ 

+ 

+ 

Mycobact ranae 

— 

+ 

- 

+ 

+ 

+ 

Mycobact Karlinsli 

+ 

+ 

+ 

+ 

+ 

+ 

Mycobact smegmatis 

+ 

+ 

+ 

+ 

+ 

+ 

Mycobact stercons 

+ 

+ 

+ 

+ 

+ 

+ 


tion) before use in oxpenmenta irhich required mtact 
organisms Cultures used for extraction of porphyrm were 
harvested at the same age by decantmg the broth Bulked 
cultures were then washed thoroughly with several changes 
of water, transferred to a linen bag and pressed mto a cake 

Spectroscopic examination of bacteria The moist bacterial 
mass obtamed by centnfugmg was packed mto an optical cell 
(mtemal width, 1 om ) and illuminated bv a 250 W Phihps 
projection lamp adequately housed Protection agamst heat 
was afforded by a hollow glass cube (side, 3 om ) filled with 
water and put between the light source and the optical cell 
A small condenser lens was used to concentrate hght on the 
ceff. The spectra were observed with a direct vision spectro 
scope (Schmidt & Haensoh) of small dispersion eqmpp^ with 
a wavelength scale The density of the suspension was 
adjusted by dilution with water untd the defimtion of the 
bands was optimal 

Spectropholometnc measurements Porphyrm solutiotis 
were esammed m a Beckman quartz spectrophotometer, 
DU model. The absorption curve of coproporphyrm tetra 
methyl ester was determmed m CHClj solution. The ester 
was hydrolysed by standing m cone HCl and the absorption 
curve of the fiee porphyrm detennmed m 0 16 n HCl 
(see Jope & O’Bnen, 1946) The eitmobon coefficients of 
the free porphyrm were measured at 401 and at 

648 mfi , the respective sht widths being 0 04 mm ( sO’O tap 
at A =400 mp ) and 0 03 mm (=0 9 m;i atA = 650mji) 

RESULTS 

Absorption qpectrum of acid fast saprophytes 

The absorption bands seen in thick suspensions of 
five sapropbyrbic mycobacteria pre listed m Table 1 
Mycobact Karlinski and Mycobact stercons con 
Bistently exhibit a sharply defined narrow band 
(1) at 624 Tap This band is not present in all cultures 
of Mycobact smegmatis, and it is absent from the 
spectra of Afycobact phlev end Mycobact ranae 
Band 2, which is regularly present, extends from 
692to603mfi Stretchmg from 661 to 668 m/i there 
IS a zone of absorption wluch contains two dense 
bands centred at 562 rap (6) and at 664 mfi (4) 
respectively A famter band (3), centred approsi 
matelyat670 mp , is seen only miHi/cobact Karhnshi 


and Mycobact stercons Band 6, situated at 620- 
636 mp is partially obscured by end absorption 
Bands 2, 4 and 6 were sharply defined m preparations 
wluch had been stored at — 40° 

When Mycobact plilei is cultivated m glycerol 
broth it IS so deeply pigmented with hpoohromes that 
only one absorption band (2) can be identified, but 
when the organism is grown on plam broth it is 
possible to define bands 2, 4, 6 and 6 These results 
mdicate that bands 2, 4 and 6 occupy the positions 
of the a. bands of cytochromes a, b and c, while 
band 6 probably mcludes the /3 bands of the b and c 
components (Keilm & Hartree, 1939) The mtensity 
of the blue end absorption made it difficult to search 
for the y bands of the cytochromes 


* Behaviour of the absorption bands 

Effect of aeration When oxygen was bubbled 
through suspensions of Mycobact Karlinski and 
Mycobact stercons, bands 2, 4, 6 and 6 disappeared, 
only to reappear after a few mmutes of anaerobiosis 
Bands 1 and 3 were unaffected, which suggests that 
they do not belong to a cytoclirome complex 

The same phenomena were observed with 
Mycobact smegmatis, but prolonged aeration was 
necessary m order to oxidize the cytochromes 
Fdtered, moist am was passed for 18 hr through 
a sterile suspension kept at 37° m a thermostat 
Spontaneous reduction at room temperature was 
slow, but the reduction time was diminished signifi 
cantly by addition of lactate or malate (Table 2) 


Table 2 Reduction of cytochrome (Mycobacterium 
smegmatis) 


(Sterile saspenmon previously aerated for 18 hr Be 
dnotion time assessed by visual observation of mtensity of 
absorption bands ) 


Substrate (neutral Na 
salt, 0 1 m) 

None 

nlr-Lactate 

1 ,-Malate 


Eeduction tune at 
18° (min.) 

30 ^ 

14 

15 
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Oxidation and reduction The cytochrome bands 
(2, 4, 6 and 6) disappeared on addition of potassium 
femcyamde (two drops of saturated 8olution/2 ml 
bacterial suspension) m all species and reappeared 
after treatment with a small quantitj of solid 
sodium ditluomte (Na 2 S 204 ) Bands 1 and 3 (where 
present) were unaffected by these reagents , nor did 
these bands change after addition of ammonium 
sulphide m the absence of femcyamde (see Fujita & 
Kodama, 1934) 

E^ect of oxygen in presence of cyanide Bands 1 
and 3 of Mycobaci Karhnski and MycobacI smeg 
matis wore imchonged when o'^ygen was bubbled 
tlirough suspensions contaming 0 002m hydrogen 
cyomde Bands 2, 4, 6 and 0 persisted m the presence 
of oxygen and cyamde, behanng like tj-pical cyto- 
chrome bands The experiment shows that band 1 at 
624 m /1 IS not due to cytoclirome a, (see Negclom & 
Glerischer, 1934, Keilm, 1934, Fujita Kodama, 
1934) 

Preparation of pyridine haemochromogen In sus- 
pensions of Mycobact ranac, Mycobaci Karlinski, 
Mycobact smcgmatis and Mycobact stcrcoria the 
cytoclirome spectrum was replaced by that of 
pyridme haemocliromogen (dense band at 648~ 
662 m/t and weaker one at 626 my ) followmg treat 
ment with 2 n potassium hydroxide, a few drops of 
10% (w/v) aqueous pyndme solution and solid 
NajSjO^, added successiiely Bands 1 and 3 were 
unaltered 

Extraction with acetone Mdien a heavy suspension 
of Mycobact Karlinski was extracted with acetone, 
bands 1 and 3 disappeared from the spectrum^ 
although bands 2 and 4 remamed visible m moistened 
acetone powder After dilution with water the 
acetone extract was acidified with acetic acid and 
shaken with ether The ether layer was fnmt purplish 
red, gave a brdliant red fluoresence imder a Wood 
lamp and showed a porplijum spectrum with bands 
at 624, 670, 628 and 600 my 

These experiments show that the anomalous 
features of the absorption spectrum encountered m 
some species of mycobacteria are duo to super 
position of a porphyrm spectrum upon that of a 
cytochrome complex contaming o, b and c com 
ponents Attempts to resolve band 2 mto a and a, 
components by the use of carbon monoxide (Keihn 
& Hartree, 1939) were inconclusive 

Isolation of coproporphynn from 
Mycobacterium Karhnski 

Extraction Smee the band at 624 my was most 
mtense m Mycobact Karlinski, this org an is m was 
chosen for an attempt to isolate the porphyrm Each 
batch of washed organisms, pressed mto a cake 
weighmg about 600 g , was stirred mto 600 ml of 
cold acetone for 16 mm and filtered on a Buchner 


funnel Extraction and filtration wore repeated, once 
with 600 ml and twice with 250 ml of acetone, and 
the so\ oral filtrates combined * 

The acetone extract was diluted mth 2 volumes of 
water, acidified witb glacial acotic acid (3% of the 
total volume) and extracted four times v ith ether 
The combined ethereal extracts ncro shaken with 
1 4n hydrochlonc acid, the ether separated, and the 
porphjTm stored m the acid solution until sufiiciont 
had been collected Prior to storage residual ether 
was removed in lacuo at room temperature Tlie 
origmal acetone extract contamed substantial 
amoimts of lipids, w Inch, being other soluble, were 
largely remo\od dunng the transference of the 
porphyrm to the acid 

Preliminary purification In order to remove 
persistent traces of colourless hpid, the by drochlonc 
acid solution, reprcsentmg extraction of 4 8 kg of 
bactonal press enko, was neutralized to Congo red 
with solid sodium acetate, acidified w ith 0 05 v olumo 
of glacial acotic acid and the porphjTin transferred 
to ether Transference between other and hydro- 
chloric acid was repeated four tunes m the usual way 
until the whole of the porphyrm was concentrated 
mto 160 ml of 1 4 n hydrochlonc acid Again 
residual other was removed in vacuo at room tem- 
perature 

Sodium hvdroxide (30%) was added slowly’ to 
bnng the solution to pH 3 3 when the porphvnn 
flocculated Afterstandmgov’ermghtitw asseparated 
by centnfugation, dried in vacuo o\ er concentrated 
sulphuric acid, dissolved m 16 ml of methanol 
provoously saturated woth dry hy drogen chlonde gas 
and kept in the ice box for 24 lu Tlie solution of 
methyl ester was poured mto 160 ml of chilled 
water, and the solution extracted repeatedly wnth 
small volumes of cliloroform Tlie cliloroform solu- 
tion was washed twice wath water, once witli 2 n- 
ammonium hydroxide, and then tliree times wath 
water After filtration through a paper moistened 
wath chloroform, the solution was ev’aporated to 
drymess in vacuo 

Ghromatographicpunfication Hie crude ester, dis- 
solved m a mixture of benzene (16 ml ) and hght 
petroleum (6 ml ), was adsorbed on a calcium car- 
bonate column (1 6 X 16 cm ) acoordmg to the 
method of Grmstem, Schwartz & Watson (1946) 
A broad purple band of coproporphyrm methyl 

* The completeness of acetone extraction was demon 
stinted by subsequent treatment of the dry powder from 
■whioh acetone had been removed in vacuo A sample was 
extracted with acetic acid and ether, and the ether shaken 
with a small volume of 2% (w/v) hydrochlonc acid 
Porphyrm could not he detected m the acid layer either 
BpeotroscopicoUy or by fluorescence m ultraviolet hght 
The success of acetone extraction may depend on the 
solubihty of porphyrm m acetone soluble hpids of the 
bactena 
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ester, which migrated slowly down the column, was 
eluted with the original solvent mixture The ester 
was evaporated to dryness ui vacuo at room tem- 
perature, crystaUized from anhydrous ether and the 
crystals dried thoroughly in vacuo over concentrated 
sulphuric acid and paraffin wax 

Smce a small amount of pigment remamed on the 
upper and middle zones of the calcium carbonate, 
the column was cut and both zones extracted with 
chloroform The upper zone yielded a quantity of 
coproporphynn too small to pemut isolation The 
middle zone released a browmsh red pigment (smgle 
absorption band at 646 m^ ) which may be identical 
with a decomposition product of coproporphynn 
descnbed by Rimington (1939) Tlie crystalhne 
coproporphynn eater was taken up m benzene and 
chromatography repeated by the method of Gray & 
Holt (1948) The eluate was evaporated to dryness 
tn vacuo at room temperature, and the copropor- 
phynn ester twice recrystalhzed from anhydrous 
ether as before Yield, 16 mg 

Properties of thccrystallme cater Dark red crystals, 
assummg the rosette pattern of coproporphynn HI 
tetramethyl ester (Rimmgton, 1939) Sharp m p at 
1 60°, after coohng, remelt at 172-174“ HClnumber, 
1 6 Absorption curve (chloroform solution) m the 
visible region conformed to a ‘ step ladder ’ type with 
the chiefband maxima at (I) 623 6, (11) 667, (111) 634 
and (IV) 498 6 mp Relative mtensities, IV >111> 
n>i 

Properties of the free porphyrin Solutions m 
hydrochlonc acid and m ether had the characteristic 
violet colour of coproporphynn and gave a strong 
red fluorescence m ultraviolet hght HCl number, 
0 1 Absorption curve m 0 16N-hydrochlonc acid 
showed three bands with maxima at (I) 691, (II) 648 
and (ill) 401 TOp Relative mtensities, III>II>I 
In 0 16 n hydrochlonc acid, 7400 at 401 mp 

and 243 at 648 mg 

These data show that the crystallme matenal is 
a fairly pure specimen of coproporphynn III tetra 
methyl ester The extmction coefficients axe about 
9 % lower than the maximum values quoted by Jope 
& O’Bnen (1946) for recrystalhzed specimens of 
coproporphynn methyl ester, both natural and 
synthetic The meltmg pomts are withm the range 
recorded for natural specimens 

Coproporphynn content of mycobacteria 

The coproporphynn content of Mycobact Kar 
linski was determined by extraotmg 22 g of bacterial 
cake with acetone, transferrmg the pigment quan 
titatively tlirough ether to 0 16N-hydrochlonc acid 
and moasunng log IJI at 648 mg Two transfers 
between ether and 6% (w/v) hydrochlonc acid pre 
ceded the final concentration m 0 16 n hydrochlonc 
acid The organism contamed 6-8 mg of copro 
porphynn/kg of baotena, dependmg on the batch 
Biochem 1949, 46 


Protoporphyrm was not encountered at any stage 
dunng the isolation If metal complexes or uropor 
phynn were present, these, too, escaped detection 
In the course of this work it was found that the 
acetone powder contains an unstable haem pigment 
(possibly denved from cytochrome) which is incom- 
pletely removed by acetone hydrochloric acid This 
pigment has a smgle absorption band at 645-666 mp 
and is readily converted mto a pyndme haemo 
chromogen 

Other species The methods employed faded to 
extract ooproporphyrm from Mycobact phlei and 
Mycobact ranae Small quantities were obtamed 
from Mycobact smegmatia, Mycobact atercons con 
tains considerably more than Mycobact smegmatia, 
though less than Afj/cobact Karhnski These findmgs 
were consistent with spectroscopic observations on 
the mtaot organisms 

Ongtn of coproporphynn 

Each 400 ml nutrient broth was extracted with 
acetic acid-ether and hydrochloric acid before 
moculation to ensure that it was free from copro - 
porphyrm Spectroscopic and fluorescence tests did 
not reveal the presence of porphyrm Tests on the 
broth for haematm by the conversion to pyndme 
haemochromogen were also negative 

The abdity of Mycobact Karhnski to synthesize 
coproporphynn was demonstrated by cultivatmg 
the organism m a synthetic medium composed of 
a basal salt mixture (Edson & Hunter, 1943) to 
which were added lactate (1%), glycerol (0 6%) and 
sodium citrate (0 001 m, toal concentrations) The 
porphyrm bands at 624 and 670 mg , accompanied 
by those of the cytochrome spectrum, were seen m 
the bactena, and acetone extracted the usual 
quantity of coproporphynn 

DISCUSSION 

Smce the mycobactena are stnctly aerobic, exhibi- 
tion of the four absorption bands of a typical cyto- 
chrome is to be expected Indeed, Fujita & Kodama 
(1934) have classified the tubercle organism, along 
with BacMua subtxhs and other aerobic bacteria 
which possess o, b, c and d bands The observations 
descnbed m this paper show that Mycobact phlet and 
Mycobact ranae conform to group I of Fujita & 
Kodama’s classification, whereas Mycobact Kar- 
hnski, Mycobact smegmatia and Mycobact siercona 
present a composite spectrum contammg bands at 
624 and 670 mg m addition to those of the typical 
cytochrome components 

A tentative hypothesis that the band at 624 mg 
represented cytochrome a, was disproved by expen- 
ments, all of which mdicate that neither this band 
nor the band at 670 mg can be duo to cytochrome 
components A pnon it was unlikely that the 

26 
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organisms would contnm cytocliromo Oj, bccniiso 
this pigment has heon foimd only in association m it h 
cytocliromes Oj and (Fujita A, Kodania, 1934, 
Koihn, 1934, Keilm Harploy, 1941), uliich are 
absent from the mycohaotena in question 

Successful o'ctraction of coproporphj rin has o\- 
plamed the origin of the anomalous liands In con 
sequence of an unusuallj liigli intracellular concen- 
tration of coproporph5Tin tu o porplnTin hands are 
visible, although tho remainder arc prohahh 
obscured by the intonsitj of tho c and d c\ tochromo 
hands and by end absorption The positions of tho 
two visible porph5Tin hands mdicato that copro 
porphyrin may ho present ns neutral salt or as a 
natural ester, hut not ns a metal complex 

CoproporphjTm III has hcon isolated in tho fonn 
of a totramothyl ester, tho properties of Mliich sug 
gest that it may ho contaminated hj a small amount 
of coproporphyrm I It uas suspected that a small 
quantity of coproporpluTin I (unidontifiod) had 
separated on tho top of tho column during cliromnto 
grapluc purification of tho bacterial extract Although 
ooproporpliyrin is known to occur in a i ariot3 of 
bacteria, j^oosts and fimgi (see Vannotti, 1937), 
isolation of oharacterwod methj 1 esters has seldom 
heon reported Crj'stallmo coproporphjTin esters 
were obtamed bj’’ Fischer Fmk (1925) from Sac- 
charomyces anamenma and by Konch L Willunson 
(1946), who obtamed both natural isomers from 
brewer’s yeast 

Tho presence of porphjTm in cultiuo filtrates from 
Oorynebactenuin dtphthcnac has attracted attention 
ever smeo Coulter <5L- Stone (1931) demonstrated 
proportionahty between toxin production and por 
phyrm concentration Papponlioimor (1947) and 
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Pappciihoiiiior A. Hondeo (1917) ha\o shown that tho 
relationship tan doptnd on tho iron content of tho 
medium, aiul ha\e suggested a coimexion betveen 
porpluTin and cj tochromo 6, the chiofhnem pigment 
ohseriahlo spoctroscopitnlh in susjiensions of C 
dxphthenne &rn\ f<. Holt (194S) hn\e isolated and 
charactcri/ed the porjihtTin as eoproporphjTm HI, 
■whith IS accompanied In smaller amounts of uro 
porphtTin I in culture filtrates 

The sipiificanco of a substantial production of 
coproporjiln nil h\ some m% cobacteria, and noth} 
other-., IS not tlrar I ho possihihtt of a conncxnon. 
mth c\ tochromo n quires exploration Prchminnrv 
experiments mth Mycobact AarhnsI i, grown on 
Btmthotic media, indicate that s-pccific orgnmc 
nutrients arc inv ok cd m coproiiorpln rin formation 

.SUADIAKY 

1 Tho cj tochromo spcctnim of certam m^co 
hnctorm shomng a, b and c components is com 
plicated h\ two absorption hands, one at C24 mg 
and tho other at 570 m/t It has been shown that 
these hands arc duo to coproporplmnn 

2 CoproporpluTin III totramotlnl ester (16 mg ) 
lm%o boon isolated from Mycobaciermm Karhnshi 
(4 8 kg ) h\ an acetone extraction method Copro 
porph\Tm is s\Tithosizcd hj tho organism 

3 Tho occurronco of coproporphjTm m other 
sapropln tic m\ cohnetorm has also heon studied 

IwsBhtothnnktlioM n Tmria Trustees for a grant lom 
also indebted to Prof X L Edson for ndvico and guidance 
throughout this m ork and to JIiss M Lindsaj for reading tho 
proofs 
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In the microbiological assav of ammo acids and 
vitamins various species of lactobaciUi ore the 
micro orgamsms most frequently emplojed Tlie 
medium used for the cultivation of the lactobaoilh 
and of most other micro organisms at present used m 
assay procedure is complex, reqmres expensive m 
gredients and much tune mprreparation The mutant 
strains of fungi such as Neurospora do mdeed grow 
m simple media, but the harvesting of the mycehum 
IS more labonoua than either the turbidimetric or 
acidimetnemeasurements of bacterial growth These 
disadvantages might be overcome by the use of a 
baotenum, m wild or mutant form, wluch would 
grow m simple medium and give a quantitative 
response to the required growth factor 

The assay of mcotmio acid with a stram of Pro 
teics vulgaris, HX 19, was described by Grosaowicz & 
Sherstinsky (1947) The medium contamed casern 
hydrolysate, carbohydrate and mmeral salts The 
quantitative response of a mutant of Eschenchta colt 
requirmg arginme to the presence of argmme m 
simple medium and m the presence of protem hydro 
lysates has also recently been reported by Dampen & 
Jonas (1947) As a prehmmary study of the smt 
abihty of such mutants for use m microbiological 
assay the quantitative response of certam spon 
taneouB and X ray mduced mutants of Bacterium 
aerogenes (Aerobacter aerogenes) to mcotmio acid and 
to histidine has been mvestigated The mutants used 
m the present expenmente were prepared and 
isolated by Devi, Pontecorv^o & Higgmbottom ( 1949) 

EXPEREMENTAL 

Mtcro-organisms The mutant Btrains were all denved from 
Bacterium aerogenes, AlOC, which grew well in a mediam 
contammg only glucose and inorganic salts Of the two 
strains requiring mcotmio acid, 893 was a spontaneous 
mutant and 3A3 was obtamed by X irradiation. Both 
failed to grow m simple medium m the absence of mcotmio 
acid The growth requirements for mcotmio acid could be 
met by the corresponding amide or by relatively large 
amounts of qmnolmio acid 

The three histidme requirmg mutants were obtamed by 
X irradiation One, 9B2, would grow, after a lag period, m 
the simple medium, and has been described as an ‘ adaptable’ 
mutant (Devi cl at 1949) The other two mutants, 297 and 
were probably identical and failed to grow m the absence 
of hiatidme So far as could be aseertamed the growth 


requirements of these mutants were specific for mcotmio 
acid or amide or for histidme Stock cultures of these mutant 
strams were earned on agar slopes of ‘ complete ’ medium 

Media The ‘complete’ medium (pH 7 0) contamed 
glucose 10 g , peptone, 10 g , yeastrel, 6 0 g and agar 16 g /I 
of tap water 

The ‘ simple ’ medium contamed glucose 20 g , (NHj)^04 , 
1 0 g , KHjPOi, 3 6 g , MgSO, 7H5O, 0 04 g /L of glass 
distilled water This was later modified to contam glucose, 
20 g , (NH4),S04, 3 0 g , KHjPOj, 10 6 g , MgSOj 7H,0, 
0 04 g , sodium citrate, 18 6 g mil glass distilled water 
The pH was mamtamed at 6 9-7 1 except where stated 
otherwise 

'The basal (simple) medium was prepared m double the 
above concentration to allow for dilution by the addition of 
the standard solntions 

Standard solutions Stock solutions contammg 200 pg /mb 
were prepared by dissolvmg 60 mg L-histidme monohydro 
chlonde, mcotmio acid or mcotmamide m 260 ml glass-dis 
tilled water The stock solution of qnmolmic acid contamed 
68 mg of the aad m 260 ml glass-distilled water and thus 
contamed the mol eqmvalent of 200 pg mcotmio aeid/ml 
These solutions could be stored m the refrigerator for 2 weeks 
without detenoration, although the solution of mootinanude 
was less stable than that of the correspondmg acid From the 
stock solutions fresh dilutions were prepared for each expen 
ment 

Inoculum Nicotmic acid solution (6 ml ) or histidme 
solution (6 mh) was added to 6 or 10 ml basal medium 
(dependmg on the micao^organism bemg used) and the 
mixture stenlized at a pressure of 10 lb /sq m for 10 mm 
When cool, the solution was moculated from a stock cnlturo 
on ‘complete* agar medium and meubated for 21—24 hr at 
37° The culture was then centrifuged and the bactenal 
sediment washed twice with 10 ml quantities of sterile 
quarter strength Bmger solution. The washed bacteria were 
suspended m 10 ml, quarter strength Bmger solution spim 
at a low speed to remove clumps, and the uniform suspension 
smtably diluted so that the turbidity of the moculum (read on 
the Spekker absorptiometer) was the same m each expen 
ment The moculum was freshly prepared for each assay 

Assay procedure *1716 assays were earned out m ordinary 
tubes 6 m long and |m mtemal diameter Graduated doses 
of the standard solutions m 5 ml were added to the tubes, 

5 ml of the basal medium (double strength) added to each 
tube and the contents well mixed Tnpheate tubes were set 
up for each dose The tubes were then capi>ed with mverted 
specimen tubes and sterilized at a pressure of 10 lb /sqm for 
10 mm tVhen cool 0 05 ml of the moculum was added to 
each tube except the three used as controls 

After shakmg well, the tubes were meubated m a water 
bath at 37° Turbidunetnc measurements of growth usmg 
the Spekker photoeleetnc absorptiometer were made after 
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incubation for 17 lir and tho results expressed ns extinctions 
(i e ns the Sptkkcr drum rendings) Acidimctnc mensure 
ments ■nero mnde after 1, 2 or 3 dajs incubation, using 0 1, 
0 05 or 0 02 N NaOH xvitli bromolbj’niol blue ns indicator 
To cnch tube 1 ml of 0 04% nqueous solution of bronio 
thjTnol blue wns added and tlio contents titrated with KaOH 
containing 100 ml bromotlij mol bluc/1 , using a comparator 

RESULTS 

N^cottmcaad requiring 7nulants 803 and SA2 Tho 
response of tho strain 803 to doses of 0 02, 0 04, 0 1, 
0 2, 0 4 and 1 0 /ig nicotinic ncid in 10 ml bnsnl 
medium was determined bj both ncidimotnc and 



0 0-1 0-2 CM CM 0-8 10 

Nicotinic acid (/<E ) 


Fig 1 Dose response curves, stram 893, to nicotinic acid in 
the ongmnl basal medium , x — x , turbidimotnc measure 
mentsnfter 17 hr at 37°, O — O , acidimctnc measurements 
after 43 hr at 37° 

turbidimetric methods Tlio response vnned -vnth tho 
method of measurement (Eig 1) Tho groxiiih re- 
sponse to the lower doses of mcotmio acid was very 
poor Tills ‘lag’ varied shghtly m different deter 
rmnations, but usually ceased xvith doses over 0 2 or 
0 3 fig nicotmic acid No ‘lag’ was shown in acidi- 
metne titrations 

No delay m growth or acid production was 
obtamed with nicotinamide (Fig 2) 

The simplicity of the medium or its low buffermg 
action may have influenced the groxvth response to 
mcotmic acid Therefore, before further study of the 
mutants, various modifications of tho mechum, 
winch might mcrease tlie extent of growth and acid 
production while stiU mamtainmg a relatively 
simple composition, were mvestigated using the 
parent stram 

Modifications of the basal medium Tlie extent of 
growth or acid production was not appreciably 
affected by mcreasmg the concentration of glucose, 
by the addition of 0 1 % xylose or by mcreasmg the 
amount of ammomum sulphate present up to 0 6% 
A mixture of the punnes, adeiune, guanme, uracil 
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and xanthine, cnch m a concentration of 0 001%, 
inliibitcd both grow tli and acid production Alanme, 
glycine and glutamic acid (nitrogen cqunalcnt to 
that in 0 1% ammonium sulphate) did not satis- 
factorilj replace ammonium sulphate ns the source 
of nitrogen, although tho addition of asparngme or 
glutamic acid to tho bnsnl medium gave increased 
growth and ncid production 

Bj tho addition of 0 76% xotnmin free casein 
hxdrolj’snte (Ashe Laboratoncs Ltd ) to tho basal 
medium, the growth ns measured turbimotncally 
was doubled, nltlioiigli acid production x\as onlj 
increased bj 0110 third Tho responses were similar. 
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Nicotinic acid or amide (/ug ) 

Fig 2 Dose response cun o, strain 803, to nicotinio acid 
and amide in original basal medium, turbidimetno 
measurements (Exps I and II) after 17 hr at 37° 

but much less marked, with a mixture of Ij’sme and 
glutamic acid m tho nmoimts presumed to be 
present (Sclimidt, 1946) mO 76% casein hydrolysate 
Prolme inliibited both growth and acid production, 
but this inlubition xvns removed by the addition of 
lysine 

To coimter the poorer acid production compared 
xvith growth m the presence of casern hydrolysate 
modification of the buffermg agents was mvestigated 
Sodium acetate (0 10-4 0%) or the correspondmg 
amounts of potassium acetate inhibited groxvth and 
acid production The concentration of potassium 
dihydrogen phosphate was moreased by two, tliree, 
four and six times that m the ongmal basal medium 
Tlie greater the phosphate content the greater the 
amount of groxvth and particularly the acid pro- 
duction (titratable acidity) This effect xxms slightly 
enhanced by mcreasmg the amount of glucose and 
ammomum sulphate to 3 and 0 3% respectively 
(Table 1) 
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Table 1 The effect of addition of increased amounts of phosphate and other substances 
on growth and acid production by Bact aerogenes AlOC 

(Media A B, C and B contained respectively two, three, four and six times the amount of KHjPOi m the basal 


medium ) 

Additions 

Turbidimetiy 
after 17 hr 
at 37° 

Acidimetry after 
43 hr at 37° 

Medium 

(%) 

(Extmotion E) 

(ml OOSvNaOH) 

A 

Nil 

0 480 

95 


(NHJjSO^, 0 2 

0 453 

97 


Glucose, 1 

0 463 

98 


(NHi) 2 S 0 j, 0 2 -t-glucose, 1 

0 518 

10 1 

B 

Nil 

0 670 

13-0 


(NHd.SO^, 0 2 

0 663 

13 7 


Glucose, 1 

0 666 

14 0 


(Nn,)^0,, 0 2 +glnco3e, 1 

0 645 

14 3 

C 

Nil 

0 691 

15 6 


(NHd.SO„ 0 J 

0 720 

16 8 


Glucose, 1 

0 660 

16 6 


(NH 4 ),SOj, 0 2 -(-glucose, 1 

0 661 

17 6 

D 

NU 

0 733 

23 3 


Although the highest growth response was 
obtained with a four to six-fold increase m phos 
phate, discoloration of the medium occurred during 
sterilization To avoid the necessity of stenhzing the 
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Pig 3 Dose-response curve, strains 893 and 3A3, with 
nicotmic acid m original and modified basal medium 
Aoidlmetnc measurements after 48 hr at 37°, x — x, 
stram893 in original medinm , Q — O, stram 893 m modified 
medium, A — A, stram 3A3 m onginal medium, • — 9 , 
stram 3 A3 m modified medium 

glucose and phosphate portions of the medium 
separately, a threefold morease m phosphate was 
adopted Additional buffermg associated with a 
further increase m both growth and aoid production 
was obtamed when potassium (2%) or sodium 
(1 86%) citrate was mcluded m the medium with 
three times the ongmal amount of phosphate The 


reaction m the vanous modifications of the medium 
was always adjusted to between pH 6 9 and 7 1 
The final modified basal medium, the composition 
of which was given on p 391, oontamed increased 
amounts of ammomum sulphate and potassium di 
hydrogen phosphate and m addition sodium citrate 
This hasal medium was used for all subsequent 



Nicotinic acid (fig ) 

Fig 4 Dose response curve, strams 893 and 3A3, to mco 
tmio acid m ongmal and modified basal medinm Turbidi 
metno measurements after 17 hr at 37°, x — x, stram 893 
m ongmalmedium.O — O, stram 893mmodified medium, 
A — A, stram 3A3 m ongmal medium, O — #, stram 
3A3 m modified medium. 

quantitative studies of the mutant strains of Bact 
aerogenes 

Quantitative response to nicotinic acid and amide 
The dose respionse curv'es of strains 893 and 3 A3 to 
mcotmic acid m the ongmal and the modified basal 
medium are given m Fig 3 (titratable acidity) and 
Fig 4 (turbidity measurement) The maximum 
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response, -whether measured by acidimetno or turbi 
dimetnc methods, was greatly improved by the use 
of tlie modified medium, but the ‘lag’ m gro-wdli 
response to small doses of mcotmic acid m the 
turbidity method remamed 

The addition of 0 3% vitamm free casoin hydro 
lysate to the modified basal medium did not affect 
the ‘ lag ’ m response to mcotmic acid (Fig 6) Indeed 
the response was rather less m the presence than m 
the absence of casern hydrolysate except at tlio 
higher dose levels The growth response to mcotm- 
amide was greater at aU dose levels m the presence of 
casern hydrolysate 


1 2 




Nicotinic acid or amide {/ug ) 

Fig 6 Dose response curve, strain 893, mth nicotmio acid 
and mcotinamido m modified basal medium ivith and 
without casern hydrolysate Turhidunotnc measurements 
after 17 hr at 37°, x — x , nieotimc acid without casern 
hydrolysate, O — Oi mcotmic acid with casern hydro 
Ijsate, A — A, nicotmamide -without casern hydrolysate, 
9 — G, mcotinnmide with casern hydrolysate 

Factors affecting the 'lag' in growth response In 
turbidimetnc estimations of gro-wth the mcubation 
time was shorter, and Spekker reodmgs were less 
time consummg than the acidimetno estimations 
Therefore m an attempt to ehmmate the ‘lag’, and 
thus perfect the turbidimetno measurements of 
response, the effect of size of moculum, reaction of 
the mechum and the length of the mcubation period 
at 37° were studied 

Increase m the density of the moculum tended to 
reduce the ‘lag’ somewhat and also mcreased the 
gro-wth response to higher doses of mcotmic acid 
The reaction of the medium had a defimte effect on 
the response At pH 0 0 or below the ‘lag’ was 
ehmmated, but under such conditions the response 
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to higher doses of mcotmic acid was much Jess than 
at pH 7 0(Fig 0) Tliese results stress the importance 
of careful control of the reaction of the medium Tlio 
‘lag’ was markedly reduced or eliminated by m 
oreasmg the mcubation period at 37° from the usual 



Fig 0 Effect of hj drogen ion concentration on the dose 
response curve of strain 893 with nicotinic acid, turbidi 
metric measurements after 17 hr at 37° 



Fig 7 EflTeot of period of mcubation at 37° on dose response 
curve of stram 893 -with mcotmic acid, turbidimetno 
measurements (Exps I and H ) 

17 lir to41or481ir (Fig 7) The absence of a ‘lag’ 
m the response measured by titration may thus have 
been due to the use of the longer mcubation time of 
48 hr Fmally, smee there was no ‘lag’ m response 
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to the aimde, an addition of nicotmamide to give a 
final concentration of 0 OB /assay tube was made 
to the modified basal medium Tlie growth response 
of strains S93 and 3 A3 to nicotinic acid showed no 
‘lag’ in the presence of suboptimal amounts of 
mcotmamide (Fig 8) 



Fig 8 DoBe-response curveg, strains 893 and 3 A3, with 
rucotuuo acid in modified medium with and without sub- 
optimal amounts of nicotinamide Turhidimetno measure 
ments after 17 hr at 37°, x — x, stram 893 without 
amide, O — 0> stram 893 with amide, A — A, stram 3 A3 
without amide, • — •, stram 3 A3 with amide 

Response to quinolinic acid No growth was 
ohtamed with qiunolmic acid m doses equivalent to 
0 1—1 6 fig mcotimo acid With doses of qumohoio 
acid about 1000 tones that of mcotmic acid aresponse 
similar to that with mcotmic acid was ohtamed It 
seems likely that this response was due, not to qumo 
hmc acid itself, but to mcotmic acid present as an 
unpunty or formed during the heat sterilization of 
the qumohnio acid Similar results were ohtamed by 
Koser, Dorfman & Saimders (1940) with strains of 
Proteus sp and dysentery bacdh which required 
mcotmic acid 

The histidine requiring strains 297, 606 and 9B2 
The response of strains 297 and 606 to 0, 10, 20, 30, 
40, 60, 76, 100, 126 and 160 pg histidme m the 
modified medium is given m Fig 9 A smooth curve 
was given by strains 297 and 606 mdicatmg a quem 
titative response of both growth and acid production 
to graded doses of histidme The response with stram 
9B2, on 'adaptable' mutant, was much greater, 
10 fig of lustidine givmg os much growth as 126 fig 
histidme with strains 297 and 606 

The dose response curves of stram 9 B 2 with 
lustidme m doses firom 0 to 30 pg are given m 
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Fig 10 The acidunetnc titrations m this instance 
were recorded after mcuhation for 19 hr when about 
three tunes as much acid was produced as after 
moubation for 43 hr with strains 297 and 606 



Fig 9 Dose response curve, strams 606 snd 297, with 
lustidme Turhidimetno measurements after 17 hr at 37°, 
X — X, stram 606, O — O, stram 297 Aoidimetno 
measutemente after 43 hr at 37°, A — A, stram 606, 
© — ©> stiam 297 



Fig 10 Dose reqjonse curves of stram 9B2 to histidme, 
X — X, turhidimetno measurements after 17 hr at 37°, 
O — O, acidunetnc measurements after 19 hr at 37° 

DISCUSSION 

The behaviour of the mcotmic acid reqmrmg mu- 
tants of Bad acrogenes, designated 893 and 3 A 3, has 
conformed to that previously desenbed for similar 
mutants of other micro organisms A lack of growth 
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396 


P DEVI AND C HIGGINBOTTOM 


response, a ‘lag’, in the presence of low doses of 
nicotinic acid has been observed by Bonner <L Beadle 
(1946) with nicotmic reqmrmg mutants of Neuro- 
spora With mutants of Each coli, Roepke, Libby <L 
Small (1944) found a close correlation between the 
activity of mcotmic acid at a given pH and the 
dissociation value of the acid Tlie dissociation of 
mcotmic acid decreased ivith decrease m hydrogen- 
ion concentration, and it was concluded that only 
the undissociated acid could enter the cell and bo 
utilized for metabolic purposes 

On the other hand, the relationship between the 
response to mcotmic acid and tlie correspondmg 
amide showed a very close paraUol ■with the results 
obtamed in the utilization of glutamic acid and 
glutamme by Laclobacilltia arabinoaua (plantarum) 
(Lyman, Kmken, Blotter & Halo, 1945 , Hac, Snell <51 
WiUiams, 1946) As m the present mvcstigation with 
mcotmic acid and amide, the lag m response to small 
doses of glutamic acid was not obtamed with the 
correspondmg amide Hac ct (1945) showed that 
the ‘lag’ tended to be mmunized bj' mcroasmg the 
size of the moculum, by longer periods of mcubation 
and by an acid reaction m the medium Lyman ct al 
(1946) found that the ‘lag’ with the acid could be 
ehmmated by the addition of mimmal amounts of 
the amide to the basal medium They concluded that 
their results could readily be oxplamod by the 
assumption that glutamine, rather than glutamic 
acid, was the substance actually utilized bj' the 
micro organisms Similarly, it might be concluded 
that mcotmic acid must bo converted to mcotm 
amide before it can be utilized by the mutants 893 
and 3 A3 The most important part played by 
mcotmic acid is m relation to the phosphopyridme 
nucleotides where it is present as the amide This 
would appear to give further support to the sug- 
gestion that the first step m the utilization of mco 
time acid is conversion to the amide 

The histidme reqmrmg strains gave a quantitative 
growth response to doses of 0-160 pg of histidine 
The ‘adaptable’ mutant, 9B2, proved very much 
more sensitive m its response to the histidme This 
may be related to its abdity to grow m the basal 
medium m the absence of added histidme after a 
delay of at least 24 hr 

The apphcation of these mutants to the actual 
assay of mcotmic acid or amide and of histidme m 
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biological material has not yet been attempted The 
non specific effect of the presence of other substances 
has not been studied with the mutants requirmg 
lustidino The addition of casein hydrolysate to the 
basal medium did produce a further mcreaso in 
growth response to mcotmic acid or amide, and it 
seems hkclj that further modification of the basal 
medium would bo required should these mutants be 
used m microbiological aasajs 

STOEMARY 

1 A studj has been made of the quantitatne 
response of certam mutants of Bacterium aerogenes 
(Acrobaclcr acrogcnca), i\hich require mcotmic acid 
andhistidino.totho reqmred metabolite m a simple 
basal medium containing glucose and mmeral salts 
The effect of makmg \nriou3 modifications m the 
mmeral salt content of the medium was m%esti- 
gated 

2 The strains requirmg mcotmic acid, after m 
cubation for 17 hr , showed a ‘lag’ m growth re 
sponso to doses of mcotmic acid imdor 0 2-0 3 fig , 
but not to mcotmamido The hrmtmg doses at which 
the ‘ lag ’ m growth response ceased \ aried somewhat 
m different estimations 

3 The ‘lag’ was reduced by mcreasmg the size 
of the inoculum, bv longthomng the period of m- 
cubation or by mcreasmg the acidity of the medium 
It could be elimmated by the addition of mmimal 
amounts of mcotmamide to the basal medium 

4 A quantitatne response to lustidine m doses 
from 0 to 160 fig was obtamed with the non- 
adaptablo histidme requirmg mutants The ‘adapt- 
able’ mutant showed a much greater response to 
histidme 

6 The possibihty of the use of these mutants m 
rmcrobiological assay is briefly discussed 

The authors wish to thank Dr E R Dawson and his staff 
at the Research La bora tones of the Distillers C!o Ltd , Great 
Burgh, Epsom, where faoihties wore provided for oxpenence 
m the technique of microbiological assay The authors also 
wish to thank Dr G Pontecorvo of the Department of 
Genetics m the University of Glasgow, at whose suggestion 
the study of mutant strains of baotena was begim and with 
whoso collaboration the mutants used m the present work 
wore isolated One of us (P D ) wishes gratefully to acknow- 
ledge the tenure of a Scholarship from the Government of 
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The Composition of Foetal Fluids of Sheep 
at Different Stages of Gestation 

By E I McDOIJGAXiL, Instituleof Animal Pathology, Univeraily of Cambridge* 

{Received 1 April 1949) 


One of the interesting problems of foetal physiology 
IS the origin, function and mterrelation of the 
allantoic and ammotic flmds Some information cto 
be obtamed by a study of the composition of the two 
flmds Most of our knowledge on the subject, m the 
case of ruminants, is provided by the papers of 
Jacque (1902), Paton, Watson & Kerr (1907) and 
Malan, Malan & Curson (1937) on sheep, and of 
Doderlem (1890) on cows Tlie older work refers to 
unspecified material, usually obtamed &om a 
slaughterhouse and arranged only according to 
foetal length or weight The results of Malan et al 
(1937) refer to Mermo ewes at given stages m gesta 
tion and are the most complete The present work 
reports the composition of a senes of foetal flmds 
which had been obtamed from cross bred ewes of 
defined stages m gestation and management dunng 
pregnancy The properties and constituents studied 
are the specific gravity, dry matter, ash, total and 
non-protem mtrogen, pH and prmcipal anions and 
cations of ph 3 ^ologioal mterest 

EXPERIMENTAL 

Maimal Twdve samples of allantoic and thirteen of 
ammotio flmd were obtamed from some of the ewes m the 
eipenments of Wallace (1948) on the growth of lambs before 
and after birth The animals were his ‘ age senes ' of ewes 
These were of Border Leicester x Cheviot breed and had 
been mated with a Suffolk ram They were fed a standard 
ration of sanfom hay and concentrates, which was snffioient 
to meet requirements for mamtenance and reproduction, 
without fattemng the ewe appreciably by the end of preg 
nancy They were killed m groups at 28 day mtervals durmg 
the gestation penod. 

Treatment of samples Immediately after slaughter of the 
ewes, the uterus and contents were removed, the flmds put 
mto beakers and kept m a cold store Samples for analysis 
were usually taken withm a few days, and stored in waxed 
tubes with a crystal of thymol at 4° untd they could receive 
attenbon. The last samples of allantoic fluid contained 
suspended sohd matter, presumably mecomum This was 
allowed to settle and the supernatant flmd only taken for 
analysis 

Chemical methods Specific gravity was determmed as the 
ratio of the weights (to the nearest mg ) of flmd and water 
m a 10 ml density bottle at room temperature (17—20°) 
Pry matter, ash and orgamc matter were determmed by 
flrymg 2 ml of the flmd to constant vreight at 110° m 

* Present address The Rowett Research Institute, Bucks 

bum, Aberdeenshire 


a porcelam crucible, ashmg as m the Stolte process, described 
by Peters & Van Slyke (1932), and weighmg agam 

N was estimated by micro Kjeldahl, total N on 0 6 ml 
allantoic flmd and 1 0 ml ammotio flmd, and non protem 
N on 6 0 mL filtrate ftom a mixture of 2 6 ml fimd and 
10 ml of 10% (w/v) trichloroacetic acid solution, protem 
N was calculated by difference In some samples, notably 
the later ones of ammotic flmd, a clear tnchloroacetio acid 
filtrate could not be obtamed, m which case the results are 
mcomplete 

Inorgamo ions were estimated by standard methods used 
in serum analysis as follows Na (Kramer <fe Gittleman, 1924), 
K (Kramer & TisdaU, 1921) precipitation followed by 
solution m excess ceno sulphate and back titration with 
0 02 n Na,S,Oj after addmgKI,Ca(C!lark & CoUip, 1926) , Mg 
(Denis, 1922) , chloride (Sendroy, 1937) , morgamc P (Fiske & 
Subbarow, 1926), pH was determmed with a qnmhydrone 
electrode and the CO, combining capacity m a volnmetno 
Van Slyke apparatus, after equihbratmg with alveolar air 

These me^ods were apphed as follows Ca, Mg, chlonde 
and P were estimated directly on both flmds, and Na directly 
on the ammotio flmd. Na m the allantoic flmd and K m both 
flmds were estimated on the ash obtamed by the Stolte 
process (see Peters & Van Slyke 1932), as direct estimation 
gave erratic results, when insufficient sample remamed to 
repeat the analysis on the ash, the results are mcomplete. 
Smtable dilutions of the sample were made for the detenmna 
tion of K, Ca, and Mg m the allantoic flmd In estimating 
P m the allantoic flmd, difficulty was encountered with 
samples obtamed after the first 2 months of pregnancy, as 
the values were low and a turbidity developed on the 
addition of the molybdic sulphnno reagent, however, an 
approximate value was obtamed by extraotmg the molyb 
donum blue with tsoamyl alcohol and comparmg with a 
Bunilarly treated standard, 

RESULTS 

The results of analyses are given in Table 1, together 
with details of the samples The allantoic fluid 
showed an increase, as gestation proceeded, in 
specific granty, non protem nitrogen and other 
organic matter, potassium and magnesium, and a 
decrease m chloride and morgamc phosphorus , the 
values for calcium were higher m the middle than at 
the beginmng or end of gestation The ammotic 
flmd, on the other hand, was much more constant m 
composition It had a lower specific gravuty, lower 
orgamc matter, non protem and protem mtrogen and 
magnesium contents, and higher sodium and chlonde 
contents, than the allantoic flmd The potassium, 
calcium and phosphorus contents fell wuthm the 
range of v alues of this flmd 



Table 1 The composition of foetal fluids of sheep at various stages of gestation 
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DISCUSSION 

Before discussing the results, it is appropriate to 
consider possible effects of the treatment of the 
experimental material m terms of conditions and 
processes obtainmg m the ■womb of the hvmg ewe 
Post mortem changes may set m before the removal 
of the fluids from the foetal sacs These might alter 
the composition through differences m the per 
meahflity of the membranes separatmg the two 
fluids, or m the functioning of the foetal kidney The 

possibihty of such changes was emphasized by 
Jacque (1902), but not exphcitly avoided by others 
They are considered to be neghgible m the present 
work 

After taking the samples there may be a loss of 
dissolved gases Should the fluid contam any 
appreciable amount of carbon dioxide, the pH value 
and carbon dioxide content would then both be 
affected In the present work, samples could not be 
obtamed anaerobically and so the carbon dioxide 
combining capacity, rather than the carbon dioxide 
content, was determmed The pH values reported 
may consequently be too high Rehable figures for 
pH and carbon dioxide content have, therefore, yet 
to be reported 

Dunng storage of the samples, enzymic changes 
might occur Any due to micro organisms were 
avoided m the present work It is not known, 
however, whether the flmds themselves contam 
enzymes derived from the foetus As they are known 
to contam fructose the possibihty of changes, which 
might affect the acidity, remains This imght have 
the additional effect m those samples of allantoic 
flmd, which contamed suspended sohd matter, of 
bnngmg more ions mto solution 

following differences may be noted Malan e^ al 
(1937) reported a number of much lower values for 
Ilm specific gravity, especially of the ammotic flmd 
^ey also found higher values for the phosphorus m 
the allantoic flmd m the latter part of gestation, but 
it IS not clear whether their results refer to the 
morgamc, as m the present work, or to the total phos 
phorus Doderlem (1890) gives some significantly 
higher values for the calcium m the ammotic flmd 

The changes m the non-protem mtrogen, organic 
matter, potassium and oalcium contents of the 
allantoic flmds suggest an moreasmg excretion of 
foetal urme as gestation proceeds This imphes that 
the composition of the allantoic flmd reflects the 
developing metaboho activity of the foetus, and the 
developmg functional efficiency of its kidney The 
decreased chloride m the 84 day samples, and the 
mcreased volume of the 116-day samples may there 
fore mdicate the appearance of tubular actmty 
Although httle is known of the composition of 


The present results are mostly m general agreement 
th those alreadv mnorteH in 
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ruminant foetal urme, the limited data of Doderlem 
(1890) and Jacque (1902) support the view that 
urmary excretion does take place Jacque (1902), 
however, reached somewhat different conclusions as 
to the routes of excretion on the basis of his extensive 
cryoscopic mvestigations He considered that urme 
was excreted successively via the urachus alone, the 
urachus and urethra and finally the urethra alone, 
as gestation proceeded The present results, how 
ever, may not necessarily be mcompatible with this 
Urmary excretion may not follow a rigid pattern m 
a given species, and may possibly he affected by 
variable factors, such as the management of the ewe 
during pregnancy 


Table 2 Comparison of average compositions 
of sheep ammotic fluid and serum 


Amiuotio fluid 



/ 

A 

(m equiv /L) 

Serum* 


(mg /lOO mb) 

(m eqmv /I ) 

Na+ 

287 

124 8 

168 6 

K+ 

61 6 

13 1 

89 

Ca++ 

72 

36 

62 

Mg-^ 

22 

1 8 

28 

Total cations 

— 

143 3 

176 6 

cr 

416 6 

117 3 

104 2 

P (morganio) 

23 

about 1 0 

1 7 

CO, 

46 3 

20 7 

25 0 

Total anions 

— 

139 0 

130 9 

* Based on data m Shearer & Stewart (1931) and Bakes 
(1943) 


The results for the anmiotic flmd justify the 
calculation of an average composition (of Table 2) 
When expressed as m-eqmv fl the sums of the 
amons and cations agree to ±16%, mdicatmg thot 
the analyses for the mam lomc constituents are fairly 
complete Inspection of the data suggests com 
panson with the composition of sheep serum, and 
an average composition for this fluid, based on the 
bterature, has been mcluded m Table 2 The 
ammotic flmd is seen to have a sbghtly lower sodium 
and higher chloride content, and a calcium content 
nearer to the lomzable than to the total calcium of 
serum This suggests that the ammotic flmd may be 
a transudate of serum The possibihty may be 
sufficiently tested for the present, by considermg the 
relations of the predommant ions, sodium and 
ohlonde, m the two flmds The conditions for a 
Donnan equihbnum are found to hold to + C % To 
establish this view more definitely, concurrent 
analyses of ammotic flmds, and maternal and foetal 
sera from the same uten, are required That sodium 
can readily pass from the maternal serum to the 
ammotic flmd has been shown for rats and gmnea 
pigs by the radioactive tracer studies of Flexner 
& GeUhom (1942) A similar permeabihtj m the 
structurally different placenta of the sheep would 
at least allow the possibihty of an lomc equilibrium 
between the two flmds 
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A direct relation between the amniotic and 
allantoic fluids across the placental membranes 
seems improbable from the present results There 
fore, if the ammotic flmd is absorbed by the foetus, 
the foetal digestive tract and ludney would be the 
mam agents determunng the quantity and com 
position of the allantoic flmd Hence the present 
‘passive’ study of the composition of tho two fluids 
gives us the following picture of their origin and m- 
terrelation the ammotic flmd arises as a transudate 
of the maternal serum and the allantoic flmd comes 
from the ammotic fluid by the mtorvention of tho 
foetus This \new could be tested further bj' a com- 
bmation of the more active experimental approach 
of some of the earher workers with present day 
techmques, and would need to be correlated with 
both physiological and anatomical e\ndenco 

STOBIARY 

1 The composition, mainly lomc, of a series of 
allantoic and ammotic flmds obtamed, at flve regular 
mtervals during gestation, from ewes fed durmg 
pregnancy to mamtam their weight to the end of 
pregnancy, has been studied 
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2 As gestation proceeded the allantoic flmd 
showed an mcreaso in non protom mtrogen and other 
orgamc matter, potassium and magnesium, and 
decrease m chloride and inorganic phosphorus The 
values for calcium w ere higher m tho rmddle than at 
the begmnmg or end of gestation 

3 Tho ammotic flmd was more constant m com 
position, it had a lower specific gravity and organic 
matter, non protom and protem mtrogen and mag- 
nesium contents, and higher sodium and clilonde 
contents than the allantoic flmd Potassium, calcium 
and morgamc phosphorus contents wore witlun the 
ranges for allantoic flmd 

4 Comparison of these results, with data available 
for tho composition of sheep serum and foetal urme, 
suggest that tho ammotic fluid is m Dorman 
oqmhbrium with tho maternal serum, and that the 
chemical differences between the ammotic and 
allantoic flmds are duo to the intor\ontion of the 
digestive tract and kidnoj of the foetus 

I am indebted to Dr L R lynllacc, Animal Research 
Station, University of Cambndge, for the supply of foetal 
fluids and for permission to include m Table 1 some of his 
data about the fluids 
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A Photoelectric Flame Photometer 


By W R DOMINGO W KLYNE 
Laboratory of Soil Science, North east Polder Reclamation Works, Kampen, Netherlands 
and the Postgraduate Medical School, London, TF 12 

(Received 29 April 1949)3 


The flame photometer is an instrument for deter- 
mimng the concentrations of certam metals m 
solution by measuring the mtensity of the light 
ermtted by them when the solution is sprayed vmder 
controlled conditions mto a non lummous flame 
Lundeg&rdh (1929-34) developed an apparatus m 
which cations m solution were sprayed mto an air- 
acetylene flame, and the spectra produced photo- 
graphed and compared with similar spectra from 


standard solutions More recently several workers 
(for hterature, see Barnes, Richardson, Berry & 
Hood, 1946, Boon, 1946) have designed nxstruments 
m wluoh the hght from the flame is passed through 
optical filters on to a photosensitive element 
(selemum cell or phototube) and the current so 
produced is measured Such instruments may be 
bought m the Umted States (from the Perkm-Ehner 
Corporation, Glenbrook, Connecticut, or the National 
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h t battery and 
lalvanometer 



1 Flame photometer, general arrangement, excluding chmmey, gas cylinders, manometers and galvanometer 
A, optical bench, B, atomizer, €» burner, JO, support for chimney, E, E , ms diaphragms, E , selenium cell in holder, 
0, phototube in holder, E, E', optical filters, J, solution under test 



% 2 Atomizer (two rerticel cross sections at nght angles) A, lower part can^^g aw nJet (B) and 

(C) A m jomed by the ground glass jomt (D) to the upper part B, which carries the aolnt.on mlet P 

(0) and the outlet to Ae burner (J?) B and G are mounted on ground glass jomts (A ^ B is jomcd bv a pie 
of narrow rubber tubmg to the vertical tube L which dips into the solntion to be analvsed. 
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Teclinical Laboratories, South Pasadena, California), 
but are difficult to obtain in Europe The instrument 
described below can be constructed from parts which 
are available from stock by any laboratory winch 
has a good mocliamc Its design is based on that of 
Boon (1945), but, smce the latter described his 
instrument only m a dissertation which is not 
generaUj' accessible, it was thought desirable to gi\ o 
this accoimt of the construction of our apparatus and 
its use for the detormmation of sodium andpotassium 
m biological fluids The use of the instrument m 
agricultural chemistry will be descnbcd by one of us 
(W R D ) elsewhere 

Prehrmnary accounts of this work have already 
been published (Domingo, Klyne <L Weedon, 1948, 
Ivlyne, 1948, 1949) 

CONSTRDCTION 

The apparatus consists essentially of on optical bench — 
carrying an atomizer, a burner, a selenium coll and a photo 
tube with appropnato optical filters (Fig 1) — gas cylinders, 
manometers and a galvanometer 

Qas supply and regulation 

Air and acetylene are supphed from cyhndors carrj mg two 
stage regulators (Bntish Osjgen Co Ltd ), which regulate 
the pressures to 10 lb /sq m for air and 0 lb /sq m for 
acetylene Each gas is earned from the cylmder through 
reinforced rubber tubing (6 mm internal diameter) to a gloss 
tap (1 6 mm boro), which is rotated by a slow motion dial 
to adjust the gas flow more prooisely (Tlio slow motion 
dials are of the type frequently used m radio equipment ) 
Beyond the glass tap each gas passes to a T piece, one arm 
of which 18 connected to the apparatus whilst the other is 
connected to a U tube manometer (height 66 cm ) An air 
pressure of 40 cm mercury and on acetylene pressure of 
38 cm water have been found convenient with this apparatus , 
these pressures are dependent on the size of the air and 
solution inlets The gloss taps, slow motion dials and mono 
meters are aU convemently mounted on a vortical board 
beside the optical bench 

Atomizer 

Theall glass atomizer (Pig 2) resembles that of Rautorborg 

Kmppenberg (1940), and can bo obtamed from the 
Laboratory Glassblowers Co , 03 Lowlands Road, Harrow, 
Middlesex Air flowmg up the tube B past the tip of the 
solution inlet F creates sufScient suction to draw solution 
up the tube L and along F and then blow it into a flno spray 
The larger particles of this spray strike the plate 0 and nro 
retamed, the finer particles pass through H and thence to 
the burner 

Burner 

The glass burner (Fig 3) resembles that of Lundeg&rdh 
(1929-34, of McClelland & Wballey, 1941, MitcheU, 1948) 
and can be obtamed from the Laboratory Glassblowers Co , 
Harrow The dimensions of the atomizer and burner only 
ore critical, the dimensions of the remammg parts of the 
apparatus can probably be varied somewhat without greatly 
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affootmg its performance The burner is hold in position by 
the metal support (Fig 4) and is surrounded by a metal 
chimney (Fig 6) carrying two holes for a condenser lens and 
an inspootion hole The centre line of the lens holes is 
3 6 cm above the tip of the burner, and 23 6 cm above 
the base of the burner 



Fig 3 Burner (vertical section) A, acetylene inlet (0 6mm 
diameter) screwed into base plate B, G, inner cone fittmg 
mto rubber washer (D), E, inlet for air carrymg spray 
from atomizer, F, platmum tip, 0, wider part of tube to 
fit mto support 

Optical and electrical system 

The base of the humor and chimney is mounted on an 
optical bench, one end of which is use for Na determmations 
and the other for K determmations 

Delermination of sodium (Fig 6) The hght from the outer 
cone of the flame 0 passes through a piano convex lens E, 
the ins diaphragm F and the optical Alters if on to a solemum 
cell J (type A, 26 mm diameter, Evans Eleotroselemum 
Ltd , Harlow, Essex) The Chance orange filter (no OYl) 
with an nford blue filter (no 803) has proved smtable for 
iBolatmg the Na I) hues (689 and 690 m/a) The current 
from the selomum cell is fed directly on to a galvanometer, 
a Tmsley SS6 box galvanometer (deflexion 86 mm /pa ) is 
convement We liave used a reciprocal loganthmio scale of 
the typo commonly employed on photoeleotno colorimeters 
(of Kmg, 1947) graduated in terms of y = 100 log (lOO/i) 





Fig 6 Climmey (vertical section) A, base with holes (each 
25 mm m diameter) to admit air (fits mto support 
Fig 4B), B, S, holes for lens, C, piano convex lens (focal 
lenjTth 9 om.) m sliding tube, B, metal plate to cover hole 
not used for lens, B, shows the position of the inspeotion 
hole on the firont of the chimney, F, cowL 


Fig 



6 Optical system for determmation of sodium. A, bonier, B, inner cone, C, outer cone of flame £>, chimn ey 
B, plmio convex lens (focal length 9 cm.), F, ins diaphragm (maxunnm aperture, 25 mm , mounted m shield), O, 
holder for optical Sltezs H and selenium cell J 
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Delermxnahon of potassium The humor and chimnoy are 
arranged as for the detemunation of Na, except that the 
piano convex lens is m the left-hand end of the chimney An 
ins diaphragm is mounted 16 6 cm from the centre Imo of 
the humer, and a photocell and filter (Fig 7) are mounted 
with the centre hne of the ceU 26 cm from that of the humor 
A gas filled caesium cathode cell (Type GS 18, Cmema 
Television Ltd , Crystal Palace, London, S E ) and an 
Ilford sjiectrum deep red filter (no 609) are suitable for the 



Pig 7 Photocell and filter for detonmnation of potassium 
A, holder for photocell B, C, tube shding into the front 
aperture of A carrymg a biconvex lens D (focal length 
0 cm ) and a holder E which supports the optical filter F 

measurement of the 706 and 770 mp Khnes A potential of 
72 V 18 apphed to the cell from a dry battery, and the photo 
electric current is measured with the same galvanometer as 
for Na A resistor and capacitor m parallel (IMG, 0 6 /iF , 
time constant about 1 sec ) are placed in the h t lead from 
the battery to damp vanations in h t current 


OPERATION 

The instrument is assembled without its chimney, and the 
air IS then turned on and adjusted to 40 cm pressure Water 
IS placed under the inlet tube and this tube, the air inlet and 
the baffle plate are adjusted iintd a maximum spray is 
produced The acetylene is then turned on, and the burner is 
ht The flame should resemble a non lummous Bunsen flame 
and should bum qmetly If flashes of white hght appear in 
the flame, more air is needed If the flame bums noisdy, less 
air IS needed The behaviour of each burner must be studied 
mdividually, careful adjustment of the flame is necessary, 
smee an unsatisfactory flame gives very erratic results 
The chimney is then put in place, and the appropriate 
photocell connected to the galvanometer Further adjust- 
ment of gas and air pressures may be desirable to steady the 
flame so as to obtam a steady galvanometer readmg 
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A stqndard solution (NaCl or KCl, contaimng 2-4 mg Na 
or K/lOO ml is suitable) is then fed into the atomizer, and 
the latter is adjusted untd the galvanometer gives a maxi 
mum reading TThe standard solution is replaced by water and 
the galvanometer is adjusted to read 0 The instrument is 
now readj for use 

If It wore possible to keep the atomizer and burner 
working in a constant manner, it would bo sufflcient to 
cahbrate the mstraraont for each nm by passing a senes of 
standard solutions through it (0 g NaCl solutions contammg 
0 6, 1 0, 1 6, etc mg Na/100 ml ) at the start of the run, and 
drawing a cahbration curve However, since conditions are 
liable to \ary, wo And it best not to rely on a cahbration 
curve, instead, after spraying each sample for analysis, we 



Na concentration (mg /IOO ml ) 


Fig 8 Flame photometer rcadmgs for sodium Standard 
curve obtained with pure NaCl solutions (All rcadmgs m 
Fip 8-13 arc galvanometer readmgs on the reciprocal 
loganthmie scale desenbed on p 402) 

spray two standards, one of higher and one of lower con- 
centration, and obtam the result by mterpolation The 
galvanometer rcadmgs on a loganthmie scale are directly 
proportional to the Na or K concentration, at least over 
short ranges (Figs 8 and 13) 

The mstrnment takes in solution at the rate of about 
10 ml /mm , and a sample with the two appropnate standards 
can bo sprayed twice m 3 mm The instrument responds 
almost immodmtely to changes m the solution fed, and it is 
not necessary to wash through with water between each pair 
of solutions 

When a senes of samples has been sprayed, the instrument 
18 cleaned by thorough spraying with water, and then 
ethanol is sprayed While the ethanol is bummg at the flame, 
the acetylene is turned off and then air is drawn through for 
about a minute The use of ethanol prevents the flame from 
back firmg when the acetylene is turned off 

RESULTS 

Solutions of pure sodium and potassium salts 

Over the ranges which are required for sodium 
and potassium determmations on body flmds 
(0-6 mg /lOO ml ) the relationship between galvnno- 
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meter readings and sodium or potassium concentra- 
tions IS either Imear or so near to Imear that simple 
mterpolation between two standards is possible 
Specimen results are shown m Figs 8 and 13 
Interference, by amons In view of the results 
obtamed by other workers on the effect of omons on 
flame photometer readmgs (Barnes et al 1946, 
Cnsmon, 1948 , Shapiro & Hoagland, 1948) solutions 


Atomic ratio * Ca Na 



Fig 9 Flame photometer readings for sodium Effect of 
calcium A, readmgs for calcium (as CaClj), B, readmgs 
for calcium solutions, each containmg 2 mg Na/100 ml , 
0=B-A (* These values refer to curve B only ) 


Atomic ratio K Na 



Fig 10 Flame photometer readings for sodium Effect of 
added potassium, 2 mg Na/100 mL (as NaCl) m all 
solutionfl, K (as K.C1) added as shown by absmssae 

of the mtrates, sulphates, dihydrogen phosphates, 
monohydrogen phospliates, carbonates and acetates 
of sodium and potassium, each oontammg 3 mg Na 
or K/lOO ml were sprayed In all cases the galvano- 
meter readmgs were identical with those for chloride 
solutions of the same sodium or potassium con 
centration 

Mutual interference of cations The following results 
have been obtamed with the mstrument described 
in this paper 

Bioohem 1949 45 


(1) Potassium moreases shghtly the hght emission 
of sodium (see Fig 10) 

(2) Sodium mcreases the hght emission of 
potassium (see Figs 12 and 13) The effect is not due 
to the sodium D hne passmg the filter, smee pure 
sodium chloride solutions give very small readmgs 
(Fig 12) This effect can be eliminated by the use of 
a butane air flame 



Fig II Flame photometer readings for sodium and 
potassium Effect of acid. A, 2 mg Na/100 ml (as NaCl) 
in all solutions, B, 2 mg K/lOO ml (as KOI) m all 
solutions, HCl added as shown by abscissae 

Atomic ratio * Na K 



Fig 12 Flame photometer readings for potassium Effect 
of sodium A, solubons containing 2 mg K./100 ml (as 
KO) +Na (as NaCl) as shown by abscissae, B, solutions 

contammg no K, but Naas shown by abscissae (‘These 

values refer to curve A only ) 

(3) Some hght emitted by calcium ions (pre 
sumably the 618 and 020 mp hnes) passes the 
sodium filters The mtensity of this hght is not 
sufficient to cause any significant difference m the 
sodium readmgs on plasma Results for solutions 
contammg sodium and calcium show that the 

26 
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galvanometer readings are the sum of those for the 
correspondmg concentrations of sodium and calcium 
m separate solutions (see Fig 9) 

(4) No calcium light passes the potassium filter, 
and there is no mterference between calcium and 
potassium m the flame 



Fig 13 Flame photometer readings for potasaium Standard 
curves A, KCl solutions, B, KOI solutions each containing 
330 mg Na/100 ml (as NaCl), used os standards in serum 
and nrme K detemunations 

(6) Tlie presence of acid lowers the galvanometer 
readings for sodium or potassium Tins lowermg 
IS not significant for acid concentrations below 
0 2 n (see Fig 11) 

(6) Ammoma added ns ammomum chloride 
(20 mg NH3/IOO ml ) to solutions had no effect on 
the photometer readings for sodium or potassium 


Applicatxons in medical biocJiemvslry 

The use of the flame photometer m the detemunn- 
tion of plasma sodium, serum potassium, urme 
sodium and urme potassium has been discussed 
by Hald (1947), who compared the results ob- 
tamed by the flame photometer and by chemical 
methods 

Plasma sodium Plasma (0 2 ml ) is washed from 
an Ostwald pipette mto water (19 8 ml ) givmg a 
1 100 dilution Tliese solutions are then sprayed and 
compared with sodium clilonde standards con- 
tammg 2 6, 3 0 and 3 6 mg Na/100 ml It is not 
necessary to remove protem, and potassium and 
calcium (m the quantities present m plasma) do not 
mterfere A specimen protocol showmg dupheate 
readmgs for test and standard solutions is given m 
Table 1 
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The precision of the method v as tested as follows 
Ono hundred samples of standard sodium chloride 
solutions, of concentrations from 250 to 360 mg 
Na/100 ml , representing plasma sodium values, 
were diluted and spraj^cd by the method described 
Tlio root mean square difference between ‘found’ 
and ‘calculated’ values vas 6 4 mg Na/lOO ml 
Quality control limits for single observations m 
routine vv ork are tberoforo ns follows 90 % lumts, 
±89 mg Nn/lOOml , 99 % lumts, ± 14 0 mg 
Na/100 ml 


Table 1 Determination of sodium in plasma 
Specimen flame photometer readings and results 


Plasma 
(diluted 
Sample 1 100) 
Readings 

A 00 

0 1 

B 52 

63 


Sodium standards 
(mg Na/lOO ml ) 

, * , Results 

26 30 36 40 (mg Na/100 ml ) 


Readmgs 

— 66 04 

— 60 04 

43 64 — 

44 6 0 — 


SI 320 
SI 2B0 


Urine sodium These dotermmations are carried 
out ns for plasma sodium detemunations, 1 100 
dilution IS usually suitable 

Scrum potassium Normal serum contains about 
Burteen tunes as much sodium as potassium, and 
with tlus apparatus it is necessary to allow for this 
b}’’ ndchng sodium to the potassium standards used 
for comparison Fig 12 shows that for a set of sera 
(IF, X, Y, Z) contoimng 20 mg K/lOOml and 
varymg concentrations of sodium (say 260, 300, 
330 and 360 mg /100 ml) the flame photometer 
readmgs for potassium after dilution 1 10 with 
water would show considerable differences Tliese 
differences may be reduced to neghgible proportions 
by dilutmg the sera not with water, but with a 
solution of sodium clilonde containing 330 mg 
Na/100 ml (representmg the mean of normal serum 
sodium values) If the above sera were diluted 1 10 
with tlus solution, the resultmg solutions would 

have the followmg concentrations (all mmg /100ml ) 


Original 

K 

Ongmal 

Na 

Final 

K 

Final 

Na 

20 

260 

20 

322 

20 

300 

20 

327 

20 

330 

20 

330 

20 

360 

20 

332 


The galvanometer readmgs for 2 0 mg K/lOO ml 
solutions contauung 320-340 mg Na/100 ml are 
identical witlun the lumts of experimental error 
Tlius, if sera are diluted with this solution con 
taming 330 mg Na/100 ml and used with potassium 
standards contauung 330 mg Na/100 ml ,theresults 
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are dependent only on ttie potassium concentrations 
of the sera 

A senes of twenty two sera were analysed for 
potassium by this method and by the colomnetno 
method of Abul Fadl (1949) The results, with two 
exceptions, agreed withm 2 mg K/lOO ml and the 
root mean square deviation was 1 7 mg K/lOO ml 
Potassium added to normal serum up to a total 
concentration of 40 mg K/lOO ml could be deter- 
nuned wath an accurac 5 ’- of ± 1 mg K/lOO ml 

Urine potassium If unnes are diluted with the 
330 mg Na/lOO ml solution and compared m the 
flame photometer with the potassium standards used 
for sera, the results are considerably higher than 
those obtamed by the cobaltmitnte method of Abul 
Fadl (1949) However, if the urmes are evaporated 
to dryness and ashed o\erm^t at 400°, flame 
photometer determinations on the ashed matenal 
show tolerable agreement (withm ± 10 %) with 
the cobaltmitnte results (Table 2) Preliminary 
attempts to trace the cause of the discrepancies m 
the unashed unne have had no success The addition 
of urea (m the quantities commonly found m unne) 
to potassium standards did not affect the flame 
photometer results 

Table 2 Determination of potassium in unne 
Comparison of results by flame photometer and 
colonmetnc methods 

(Flame photometer re snlta for tmashed arme were obtamed 
by diluting the freshurme with 330 mg Na/100 ml. solution 
Results for ashed urme were obtam^ by tmbing duphcate 
samples by the procedure given on this page and carrying 
out flame photometer and colonmetno determinations 
(Abul Fadl, 1949) on the ash.) 

Potassium concentrations 


(mg /lOO ml ) 



• ... . . . 

Unashed. Ashed. 





flame 

flame 

Ashed, 

Differences (%) 


photo- 

photo 

colon 

, ^ 

1 

Urme 

sample 

meter 

a 

meter 

6 

metno 

c 

a — c 

100 

c 

5 — c 

100 

c 

A 

92 

77 

80 

4-16 

-3 



74 

70 

+ 37 

+ 6 

B 

176 

163 

146 

+21 

+6 



163 

166 

+ 16 

-] 

0 

166 

160 

166 

+ 7 

-3 



144 

140 

+ 18 

+ 3 

D 

237 

216 

240 

+ 1 

-10 



222 

246 

+3 

-9 

E 

230 

197 

200 

+ 16 

-2 



188 

176 

+31 

+ 7 

F 

396 

326 

300 

+ 31 

+ 8 



380 

340 

+ 16 

+ 12 


Tlie following method has been found smtable 
Unne (2 ml ) is evaporated to dryness m a porcelain 
crucible on the steam bath The residue is charred by 


gentle heatmg with a Bunsen burner and ashed 
overmght m a muffle furnace at 400° The colourless 
ash IS dissolved m 6 ml of a solution containmg 
6 43g NaCland3 66g HQ/l (330mg Na/100 ml , 
0 In m HCl) and the resultmg solution (1 or 2 ml , 
accordmg to K concentration of unne) is diluted 
to 20 ml with NaCl solution contauung 330 mg 
Na/lOO ml , givmg a final dilution of 1 60 or 1 26 
wnth respect to the ongmal urme The solutions are 
then compared with potassium standards containing 
330 mg Na/100 ml 

DISCIUSSION 

Tlie hterature contains a number of references to the 
mutual mterference of metals m flame photometry 
The most thorough survey is that of Parks, Johnson 
& Lykken (1948), who found that m the Perkm- 
Ehner Model 18 photometer, bummg natural gas, 
sodium readings were lowered by the presence of 
many metalhc salts, meludmg potassium salts, and 
also by ammomum salts and by acids, potassium 
readings were lowered by the presence of m a n y 
metalhc salts, meludmg sodium salts, and also by 
ammomum salts and by acids Berry, Chappell 
& Barnes (1946) obtamed similar results using an 
instrument built by the American Cyanamid Co 
Several contmental workers (Jansen, Heyes & 
Rich ter, 1934, Rauterberg & Bhuppenberg, 1940, 
Riehm, 1946, 1948 , Boon, 1946) usmg instruments 
bummg acetylene, which gives a higher flame 
temperature than the natural gas used m the 
American instruments, have found, hke the present 
authors, that the foreign metals mcreaso the readmgs 
for sodium or potassium In some cases (Jansen 
et al 1934, Boon, 1946) the mterference effects 
depended to some extent on the type of optical 
system used (glass filter, Christiansen filter or mono- 
chromator), and some or aU of the mcrease m the 
reEidmgs may have been due to the fact that the 
optical systems were not isolatmg the required 
spectral hues Riehm (1948) states that sodium 
moreases potassium readmgs and that potassium 
moreases sodium readmgs when acetylene is burnt, 
if, however, lUuminatmg gas is burnt m the same 
apparatus these two metals do not mterfere The 
Perkm Ehner Corporation (1946) also state that 
with then Model 18 photometer, hthium, sodium 
and potassium mterfere mutually when acetylene is 
used, but not when lUummatmg gas is used 

So far as the effects of amons present m the 
solutions are concerned. Parks et al (1948) and Berry 
et al (1946) found that the nature of the acids added 
to solutions of sodium or potassium salts influenced 
the results considerably Cnsmon (1948) found that 
solutions contauung phosphate gave low results for 
sodium and potassium Shapiro A Hoagland (1948) 
found that phosphate had no influence on potassium 

> 2 , 
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results, they pomted out, liowever, that they 
were usmg much lower concentrations tlian 
Cnsmon 

It appears from tlieso scattered and rather con- 
fused data that on mvestigation of these mtorferenco 
effects from the standpomt of the spoctroscopist 
would he desirable 

SUIVIMAIIY 

1 Tlie construction and operation of a photo 
electric flame photometer are described 
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2 The use of tlio pliotometer for tlio determma- 
tion of sodium and potassium in blood and urmo is 
described 

3 The mterfcrence betueen various cations m 
the flame is discussed mtli reference to provioas 
work on the subject 

Wo nro indobted to Prof E J King for his interest and 
encoumgement, to Jlcssrs C Lordnn and W Weedon for 
constructing tho photometer in use at the Postgraduate 
Medical School, to Messrs R A Brennan and J Gray for 
much technical assistance, and to Jhss S Tompkins for 
drawing tho figures 
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Vitamin A in Seals 

Bit K RODAHL and A W DANTES* 

Institute of Physiology, Oslo University, Norway and Department of 
Animal Eeallh, University College of Wales, Aberystwyth 

(Reeeivcd 22 February 1949) 


Specunens of hvers of polar hears and bearded seals 
{Engnathus barbatus) collected durmg the 1939—40 
expedition to north east Greenland (Rodalil, 1943) 
were found by Rodald & Moore (1943) to he very 
rich m vitamm A Durmg a further expedition to 
the seahng grounds off Newfoundland and Labrador, 
earned out under the auspices of tho Royal Nor 
wegian Government between March and May 1941, 
the vitamm A content of seal liver was further mvesti- 
gated Durmg this expedition the hvers of hooded 
seals (Gystophoraenstata) and Greenland seals (Phoea 
groen landica) were weighed and assayed for vitamm A 
(considerable work on the extraction of vitamin A 
from this source was also earned out), whilst alum ted 
* Now with the Animal Health Trust, Houghton 
6r^|gp,-yuntmgdon8hire 


number of determmations was made on other 
tissues The present paper deals also with the results 
of similar analyses by one of us of material from 
a smgle specimen of tlie Atlantic seal {Halichocrus 
grypus), obtnmed off tho Pembrokeslnre coast m 
October 1940, from two specimens of the common 
seal {Phoea vitulina) obtamed m the Wash m August, 
1947, and from the four specunens of Cystophora 
enstata coUectod m the pack-ice east of Greenland 
m July 1948 

EXPERIMENTAL 

Vitamm A was dotennmed oolonmetncaUy, foUowmg the 
nlkahne digestion procedure desonbed by Davies (1933), 
except for the four 1948 specimens m which the determma 
tions were made spootrogrophically All speoimens fixim the 
seahng grounds off Newfoundland and Labrador were dealt 
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mth in a laboratory on board ship, wbile those from Pem 
brokesbire and the Wash irere transported to Aboiystwyth in 
large vacuum walled flasks packed with sohd carbon dioxide 
Except in the case of baby seals, the stomachs of all 
specimens of the four species exammed were empty of 
foodstufis 

Hooded seals (Cystopbora cnstata) 

A total of sixty bvera of this species was examined 
dnrmg March and April 1941 Tlie results are 
summarized m Table 1 

Table 1 Livers of hooded seals 
(a) Liver weights (g ) 

Sex and age Mean Range 

Baby seals, about 7 days old 1494 1000-2100 

Females, fhlly developed 2929 2200-3760 

Males, frilly developed 4138 3000-6000 

(6) Mean bver vitamm A reserves (i u /g ) 

No of March April Combmed 
Specimen animals 1941 1941 samples 

Baby seals 

Foetus 1 120 — — 

1 hr after birth 1 160 — — 

7 days (approx ) 1 300 — — 

14 days (approx ) 4 1600 — — 

21 days (approx ) 9 — 300 — 

Young seals 

1 year (approx ) 2 — — 2400 

2 years (approx ) 2 — — 1200 

Fully developed 

Males above 4 years 26 6180 4320 4934 

Females above 4 years 14 1370 2742 2110 

Of the total of twenty six adult male hooded seals, 
eighteen were exammed m March and eight m April, while 
a total of seven adult females were exammed m March, and 
the same number m April 

RESULTS 

There is some endence to mdjcate that the 
\ntarmn A reserve vanes at the different breeding 
grounds A further mvestigation of more material 
should therefore be carried out at other breeding 
grounds and at other periods of the year 

In this connexion it may be of mterest to note tliat 
spectrograplucal examination of samples of hver 
from four hooded seals caught m the pack ice east of 
Greenland, latitude 74° N , m July 1948, showed 
lower ntairun A reserves than m the same species 
caught at the Newfoundland seahng grounds The 
results are gi\ en m Table 2 

Tlie oil content of the hv^ers of hooded seals up to 
the age of 3 weeks is usually about 9 % After this 
age the oil content remains fairly constant at 
approxunately 2 4 % The results of the vitamm A 
aualv’ses of the hv^'er oil of this species hav e been 
combmed mth the essentially similar results for 
Greenland seals, and are summarized m Table 6 


Table 2 Vtiamtn A content of Ixvers of hooded seals 
caught in the pad, tee east of Greenland, Jtdy 1948 


Sex 

Age 

Fat m 
hver 
(%) 

Vitaimn A 
m hver 
(uu-le ) 

Male 

4 months 

62 

450 

Female 

4 months 

36 

360 

Male 

16 months 

43 

300 

Male 

4 years 

41 

460 


Greenland seals (Phoca groenlandica) 

A total of 146 hvers of Greenland seals was 
examined between March eind May 1941 The 
combmed results are shown m Table 3 

Table 3 Livers of Greenland seals 


(a) Liver weights (g ) 


Sex and age 

No of 
anamala 

Mean 

Range 

Baby seals 

Newborn 

1 

361 

— 

8-10 days 

1 

814 



Young seals 

Males, 1 year 

10 

1142 

769-1600 

Females, 1 year 

14 

1050 

900-1200 

Fully developed seals 

Males 

17 

1783 

1600-2260 

Females 

28 

1681 

850-2180 


(6) Mean hver vitamm A contents (i n /g ) 


Sex and age 

No of 

BniToala 

Mean 

Range 

Baby seals 

Foetus 

8-10 days 

28 days approx 

1 

7 

10 

240 

340 

3000 

120-600 

Yonng seals 

Males, 1 year 

Females, 1 year 
Females, 3 years 

24 

23 

10 

1620 

1560 

6000 

600-4600 

600-1800 

800-7600 

Fully developed seals 
Males above 4 years 
Females above 4 years 

47 

23 

6570 

2542 

3000-12000 

600-4500 


With some hvers separate determmations were 
made on portions fixim the right and left quadrate 
and caudate lobes, but m aU instances an even 
distnbution throughout the hver was found 

The possibihty of a correlation between hver 
vitamm A reserve and physiological condition at 
one time of the year was tested on a senes of tlnrty 
SIX eiiimals caught on 19 and 26 April 1941 In each 
case a record was made of the approximate age, sex, 
tluckness of subcutaneous fat (blubber) and anj 
abnormahties In aU cases it was noted that the 
stomach was empty The results m Table 4 sltfKat 
no obvious correlation emerged 
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Table 4 A conient of livers from Greenland seals with reference to phj/siological conditions 


Vitnmm A content 



Approx 

ago 

Thickness 
of blubber 

Liver wt 

Oil 

f 

Liver 

Oil 

Total in 
whole hver 

Sex 

(years) 

(cm) 

(hg) 

(%) 

(1 u /g ) 

(‘ u /g ) 

(tu y 10-«) 

Mole 

>4 

2G 

10 April 1041 

10 30 

750 

26,000 

1 425 

Male 

>4 

3G 

1 0 

20 

3,000 

160,000 

6 700 

SInlo 

>4 

33 

1 8 

28 

3,000 

101,300 

5 400 

Slalo 

>4 

23 

1 8 

28 

1,800 

04,300 

3 240 

Male 

>4 

3G 

— 

24 

760 

31,260 

— 

Male 

>4 

34 

— 

20 

300 

15,000 

, . 

Male 

>4 

23 

— 

20 

1,600 

76,000 

— 

Male 

>4 

3G 

21 

GO 

12,000 

240,000 

25 200 

Male 

4 

38 

2 2G 

60 

16,000 

300,000 

33 750 

Male 

4 

3G 

IG 

4 0 

240 

0,000 

0 300 

Male 

4 

3G 

2 2G 

3 0 

1,200 

33,500 

2 700 

Female 

4 

42 

0 8G 

40 

2,400 

00.000 

2 040 

Female 

4 

43 

1 8G 

30 

1,600 

60,000 

2 775 

Female 

4 

38 

— 

30 

000 

30,000 


Male 

1 

1 S 

1 25 

44 

000 

20,450 

1 125 

Male 

1 

3 1 

1 25 

24 

1,200 

50 000 

1 500 

Male 

1 

2 1 

1 0 

30 

240 

8,000 

0 384 

Male 

1 

2 6 

— 

40 

760 

18,760 

— 

Female 

1 

2G 

10 

20 

1,600 

76,000 

1 500 

Male 

6 

32 

20 April 1041 

1 76 2 0 

1 600 

76,000 

2 025 

Mole 

G 

33 

1 0 

20 

12,000 

000,000 

22 800 

Male 

6 

43 

1 75 

30 

1,500 

00,000 

2 026 

Male 

6 

40 

1 7 

40 

2,400 

00,000 

4 080 

Male 

6 

28 

1 0 

20 

1,200 

00,000 

1 020 

Female 

6 

36 

1 76 

30 

3,000 

100,000 

5 250 

Female 

5 

38 

1 05 

20 

760 

37,500 

1237 

Female 

6 

4 G 

1 5 

30 

1,200 

40,000 

1 800 

Female 

G 

30 

20 

40 

1,200 

38,000 

2 400 

Female 

G 

4 1 

20 

44 

2,400 

64,545 

4 800 

Male 

2 

30 

1 2G 

30 

300 

8,333 

0 375 

Male 

2 

28 

1 36 

30 

1,200 

40,000 

1 020 

Stale 

3 

48 

145 

30 

000 

25,000 

1 305 

Female 

1 

28 

10 

30 

2,400 

00,000 

2 400 

Female 

1 

23 

1 35 

30 

1,600 

60,000 

2 025 

Male 

1 

44 

1 1 

30 

3,000 

100,000 

3 300 

Male 

1 

30 

1 2 

20 

COO 

30,000 

0 720 

Male 

G 

32 

Jlcan results 

1 82 2 7 

3,208 

161,688 

7 976 

Mole 

4 

33 

20 

42 

6,480 

113,100 

12 147 

Male 

1 

24 

1 00 

34 

1,105 

1,710 

39,023 

1487 

Female 

6 

38 

1 78 

33 

62,300 

3 098 

Female 

4 

41 

1 36 

33 

1,000 

66,000 

2 408 

Female 

1 

33 

1 1 

23 

1,700 

08,333 

1 840 


The fat contents of the livers showed a distribution 
in relation to age essentially similar to that of hooded 
seals, and are summarized m Table 5 


Table 6 Age and sex in relation to the fat content 
of the liver of Greenland seals 




Mean fat 

Bango 

Sex 

Age 

(%) 

{%) 

Female 

4 years 

32 

30-46 

Male 

4 years 

28 

20-60 

Male 

2 years 

30 

— 

Jl^ 

1 year 

1 year 

34 

23 

24-44 

20-30 


8-10 days 

10 0 

— 


Tlie results of vitamm A analyses on the hver fat 
of both species are combmed in Table G which 
mdicates that there was m most instances an mverse 
relationship between the omoimt of oil and its 
vitarmn A potency 

The distribution of vitamm A m the organs of 
a single specimen of Greenland seal was studied, 
■viath the results shown m Table 7 The ntainm A 
reserve m the hver of this mdividiial was only 
moderate and below the mean value for comparable 
qiecimens Thus only small amounts were detected 
m the retma, kidney, lung and subcutaneous fat 
The pancreas gave a positive reaction, but the con- 
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centration of vit amin A was too low to permit an 
accurate determmation The figures are m agreement 
with unpublished findmgs on organs of bearded 
seals (EngnatJius barbatus) collected durmg the 
1939-40 expedition to north-east Greenland 


Table 6 Eat content of Greenland seal and hooded 
seal Itvers in relation to vitamin A potency 

Mean vitamin A content 


Gronp 

No of 

Oil 

Liver 

Oil 

no 

animals 

(g/lOOg) 

(i /g ) 

(i n /g ) 

1 

20 

2 0-2 4 

3,676 

134,687 

2 

3 

2 5-2 9 

2,000 

104,300 

3 

10 

30-34 

1,469 

61,444 

4 

4 

35-39 

1,200 

63,374 

6 

7 

40-44 

1,470 

38,600 

6 

8 

60-54 

13,600 

270,000 

7 

8 

9 0-9 4 

300 

33,300 

Table 7 Distribution of vitamin A in 

organs of 


o normal Greenland seal killed 4 May 1941 


Organ 

nm/g 

Liver 

2400 

Kidney 

6 

Lnag 

3 

Spleen 

0 

Pancreas 

Trace 

Testes 

0 

Musde 

0 

Cerebellnm 

0 

Cerebrum 

0 

Heart 

0 

Thyroid 

0 

Epididymis 

0 

Snboutaneons &t 

12 

Lymph gland 

0 

Corpus vitreum 

0 

Retma 

4 

The vitamm A content of a sample of milk collected 
from a female with a baby m its second week of life 


was 10 1 u /g 

AtUmtio (grey) seal (Hahohoerus grypus) 

A smgle specimen weighing 69 6kg , and estimated 
to be 18 months old, was shot by a fisherman off the 
Pembrokeshire coast m October 1946 Blubber 
(mean thickness, 3 4 cm ) firom the same specimen 

Table 8 Distribution of vitamin A in organs of 
an unmaied Atlantic seal Mled October 1940 


Organ Ln /g 

1^660 

Liver ofl 38,760 

Lum 2 6 

ijeix kidney 5 

Right kidney 17 g 

Suprarenala >111 

Spfcen 0-46 

Dubcutaneoufl fat 3 53 


The total vitamm A reserve of the hver was calonlated to 
bo 2 8 X 10* m 


was forwarded to Prof T P Hdditch, Department 
of Industrial Chemistry, Umversity of Liverpool, 
for a study of its composition (Hdditch & Pathak, 
1947) The hver, winch weighed 1 81 kg , con tamed 
4 % of fat The vitamm A content of the different 
portions analysed is shown m Table 8 

Common seal (Phoca vituhna) 

Vitamm A estimations were carried out on tissues 
of two of a total of four specimens recovered from 
the Wash on a field trip made m July 1947 These 
two animals were a very young female (estimated as 
bemg not more than 2-3 weeks of age, blubber 
thickness 2 6 cm ), and an unmature male (estimated 
as not more than 4-6 weeks of age) The results are 
shown m Table 9 

Table 9 Distribution of vitamin A in organs of 
tvx) young common seals killed in July 1947 

i-n/g 

^ 


Organ 

Very young 
female 

Immature 

male 

Liver 

12 0 

BOO 

Liver oil (8%) 

16 0 

180 0 

Ltmg 

Nil 

06 

Kidney 

Nil 

09 

Snprarenal 

Spleen 

Nil 

Nil 

Nil 

Nil 

Snbouteneous 

Nil 

Nil 


SUMMARY 

1 The weight, vitamm A content and fat content 
of the hvers of sixty four hooded seals (Gystophora 
cristaia), 146 Greenland seals (Phoca groenlandica), 
one Atlantic seal (Hcdichoerus grypus), and two 
common seals (Phoca vUulina) were determmed 

2 In Gystophora cnstata and Phoca groenlandica 
from northern waters during the breedmg season 
(March to late May) the concentration of vitamm A 
reached very high levels m mature specimens, up to 
24,000 1 u /g (mean 3,004 1 u /g ) m Gystophora cris 
tata, and up to 16,000 i u /g (mean 3,441 i u /g ) m 
Phoca groenlandica The mean hver vitamm A con- 
tent of four specimens of Gystophora cnstata taken 
m the pack ice east of Greenland m July 1948, was 
only 388 1 u /g 

3 The hver vitamm A content of the smgle 
specunen of Hahchoerus grypus recovered from 
Bntish waters fell withm the range of the northern 
senes, but those fixim the two young specimens of 
Phoca vituhna from the Wash were of much lower 
order 

4 There did not seem to be any correlation among 
mature specimens of any species between age, sex 
or thickness of the blubber and hi-er ntamm A 

6 The hi'cr fat content m aU species appeared to 
be high (8-10 %) m ^’erJ young specmiens,^ifcc to 
between 2 and 4 % m mature animals 
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6 Only relatively small amounts of vitamin A 
■were found m the other tissues exammod 
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m tho expedition, to Dr L Hamson Matthews for his 
cncoumgeraent and i alnablo co operation m tho collection 
of material, and to Prof A N Worden and Dr Thomas 
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A Method for the Estimation of Micro Amounts of Ammo Nitrogen 
and its Application to Paper Partition Chromatography 

A J \\ OIW OD 

Wdlcomc Itcscarch Laborritorics, Beckenham, Kent 
{Received 11 April 1040) 


Smee the mtroduction of paper partition chromato- 
graphy (Consden, Gordon A i\Iartin, 1044) it has 
been possible to soparato completely many ammo 
acids and peptides from complex mixtures This has 
focused attention on tho need for quantitative 
methods for estimation of rmcro amounts of tlioso 
substances after their separation on paper chromato- 
grams The method of Pope <L Stevens (1039) has 
proved of great use m the estimation of ammo 
nitrogen at macro and semi micro levels Pro 
Iiminary notes of its use m a modified form for 
determining micro amounts of ammo acids separated 
by smgle dimensional paper cliroraatography have 
already been given (Woiwod, 1948a, 6) The present 
paper gives fuller details of tho method, together 
•with some prehmmary results 

In the method of Pope A Stov'ens (1939) ammo 
and ‘peptide ammo’ mtrogon ore estimated by 
allowmg a suspension of copper phosphate to react 
•with the material bemg mvestigatod at pH 9 3, and, 
after filtration, the copper m the soluble complexes 
formed is estimated lodometrically Tho terms 
‘ammo mtrogen’ and ‘peptide ammo mtrogen’ just 
mentioned are used m this paper m the followmg 
sense 'Tlie groupmgs with winch tho copper phos 
phate reacts m protems and their broakdo^wn pro 
ducts are the a ammo (or immo) group of fireeammo- 
acids and the free ammo groups of jieptides and 
proteins, 1 e any not mvolved m peptide linkage 
The mtrogen of the reoctmg group m free ammo 
acidsisdesigna-teda ammo mtrogen and the mtrogen 
of th e fr ee ammo groups m peptides and protems is 
de^^^^d here as ‘peptide’ ammo mtrogen Little 
i^^^^^pibout the reactions of copper •with peptide 


ammo mtrogen The lumtation this imposes when 
mtorpretmg results with partial digests of peptides 
and protems is discussed later 

EXPERBIENTAL 

Tho method of Pope A Stevens ( 1939) can bo modified so that 
micro omounts of ammo N can bo estimated by using tho 
diothjldithiocarbamatc reaction (Callan A Henderson, 1029) 
to detormmo tho Cu m tho soluble copper complexes Tho 
method consists of tho foUo'wing stages (a) tho nnuno acid 
or peptido IS allowed to react ■with a suspension of copper 
phosphate and tho excess of tho latter is then filtered off, 
(6) tho Cu in a measured sample of tho filtrate is dotermmed 
by means of sodium dicthyldithiocarbaraato, (e) tho Cu so 
doterminod is related to ammo or poptide N, or weight of 
ammo acid or poptido, by means of a standard curve or use 
of a factor 

Tho ratio, F, of weight of a ammo N to weight of Cu 
reacting has been dotermmed for a number of ammo acids 
by this method (Woiwod, 19486) The copper phosphate 
suspension of Popo A Stovens (1939) was used m the pro 
limmary work, but its use had several disadvantages at 
micro lov els These wore (a) n considerable deviation of the 
value of F from tho theoretical v aluo of 0 44 for complexes of 
tho typo A,Gu was observed with most ammo acids, and tho 
ratio was not constant from acid to acid, (6) tho relationship 
between a ammo N and Cu was not Imear , (c) the reagent did 
not keep well and needed to bo freshly prepared for each sot 
of detcrmmatiDns, (d) tho reaction had a large temperature 
coefficient, and (e) tho blank value given by the reagent was 
large 

By omitting tho Na^B^Oj and addmg NajHPO^ to the Cu 
reagent a Imear relationship between ammo mtrogon and 
copper ov er a considorablo concentration range was obtamod, 
and the value of F for many ammo acids was much nearer 
the theoretical value of 0 44 Thus it was possible to use this 
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factor for converting copper to ammo N m comparative 
iTork not requiring the highest accuracy, and mth mixtures 
of ammo acids such as complete hydrolysates of protem 
The ehmmation of NajB^O, also mcreased the atabihty of 
the reagent, which was then no longer affected by tempera 
ture, and blanks were low and consistent It was, however, 
not possible to obtam the same value of F for all ammo acids 
Mixing the components of the new reagent at room tern 
perature gave a copper phosphate suspension the pH of which 
slowly mcreased on standmg At the same time the factor Fob 
tamed with standard ammo acid solutions slowly decreased, 
and with glycme most nearly approached the theoretical value 
of 0 hi when the reagent had stahihzed. This stabihration 
was assisted by heatmg, refluxing the reagent for 1 hr and 
leaving to ‘age’ 24 hr before use gave a satisfactory final 
product Such a reagent has been used over a period of 
1-2 months with no apparent change m properties when 
tested with a standard glycme solution For determmmg 
amounts of a ammo N of the order of 1 mg /ml and deter 
mining Cu lodometncaUy the ongmal reagent of Poiio & 
Stevens (ISSSj was more satisfactory as it gave n greater 
uptake of Cu/mok of ammo N than the modified reagent 

METHOD 

Apparatus All glassware must be thoroughly cleaned to 
remove traces of Cu and a routme of cleanmg rigidly followed 
if blanks are to be minimal and consistent After use all 
glassware should be washed first with soap and water, then 
rinsed and transferred to a Pyrex glass vessel to soak over 
night m N HCl After soakmg, all tubes are tested with an 
acid solution of sodium diethyldithiocarbamate, rmsed with 
distilled water (less than 0 02 pg Cu/mk) and dried, and 
funnels are rinsed with distilled water 
DisttUtd water All reagents are prepared with good grade 
distilled water (less than 0 02 pg Cu/ml ) Where glass 
distilled water is necessary its use is mentioned m the text 
The followmg reagents are required 
Oupnc Monde Dissolve 27 3 g CuCl, 2H,0 (A R ) m 
boded distilled water and make up to 1 1 

Tnsodxum phosphate aolulton Dissolve 26 6 g Na^HPO, 

( AR ) m 600 ml boded distilled water, add 180 ml n NaOH 
and make up to 1 1 with boded distilled water 

Disodium hydrogen phosphate Dissolve 26 6 g NaiHP 04 
(A R ) m boded distdled water and make up to 1 1 
Sodium diethyldithiocarbamate Dissolve 2 0 g m 100 ml 
distilled water and filter This solution precipitates slowly 
on standing and is refiltered immediately before use 

Standard copper solution Dissolve 3 928 g CuSOj 6H,0 
(A R ) m boded glass distdled water, add 1 ml concentrated 
HtSOi (AR ) and make up to 1 1 This solution is dduted 
1 m 10 with glasa-distdled water for use One ml of this 
dduted solution contains 100 pg Cu 
Copper phosphate suspension The Na,(P 04 )j solution 
(1 vol ) IB added to 1 vol oftheCuClt solution and well mixed 
The NajHP 04 solution (4 vol ) IS then added, mixed, and the 
mixture boded under reflux for 1 hr The reanltmg copper 
phosphate Buspension is allowed to ‘ age ’ for 24 hr before use 

Preparation of standard copper curve 

All water used m the preparation of the standard curve 
should be glass distdled. Volumes of the standard copper 
solution contammg between 1 and 100 pg /Cu are pipetted 
mto 6 ml distdled water, then 0 1 mk sodium diethyldithio 


carbamate solution is added and the volume made up to 10 ml 
With glass distdled water The yellow solution is shaken for 
15 sec with 10 ml amyl alcohol (A B ), centrifuged to clear 
the amyl alcohol layer and the optical density of this layer 
dotenmned by means of a Spekker absorptiometer using 
blue glass filters no 7 (maximal transmission at about 
440 mp.) The curve relating Cu to optical density is hnear 
up to 6 0 pg Cn/mk 

Preparation of standard amino acid 
or peptide curve 

For the highest accuracy it is necessary to prepare a 
standard curve for each specific ammo acid or peptide These 
curves are reproducible and once prepared only need checking 
from tune to tune with a standard solution Glass distdled 
water is used m the preparation of the standard curve The 
standard ammo acid or peptide solution is added by means 
of a Trevan microsynnge (Trevan, 1925) to 2 6 ml of the 
NajHPOj solution, the added volume being 0 1 ml or less 
Not more thaa 50 pg a ammo N or 25 pg of peptido ammo 
N should be added After thorough mixing, 2 6 ml of the 
copper phosphate reagent are added, the mixture is well 
shaken, allowed to stand for 30 min and filtered through 
pleated papers (Whatman no 42, 9 cm ) which prevent the 
copper phosphate suspension ‘creeping’ The filtrate (2 ml ) 
is pipetted mto 8 ml of glass distdled water m a centn 
fiige tube, 0 1 ml of the diethyldithiocarbamate solution 
is added, mixed and stood for 10 m in to allow the reaction 
to proceed to completion The solution is extracted vnth 
10 ml amyl alcohol with shaking for at least 16 see , followed 
by centrifugation to clear the amyl alcohol layer The 
optical density of the yellow solution is determmed and the 
values recorded as pg copper by means of the standard 
curve A blank detennmation is earned out m tnpheate at 
the same time, the procedure bemg identical except that an 
equal volume of glass-distilled water is added instead of the 
solution containing the a mm o N The blank value is sub 
traoted and the corrected Cu value obtamed is multiphed 
by the dilution factor Thus a standard curve is obtamed 
covering the range 1-60 pg of a ammo N or 1-26 pg 
peptide ammo N/6 mk 

Estimation of amino nitrogen 

The procedure is the same as for the preparation of the 
standard curve the unkn own solution bemg added m place 
of the standard ammo acid solution If it is not possible to 
keep the volume added to 0 1 ml , any convement volume 
may be used, provided a standard curve is prepared using 
the same volume Progressive ddution will lead, however, to 
a falling off m the copper uptake and a loss of sensitivity 

RESULTS 

A prelimiiiary sum ey of some 25 ammo acids and 
peptides has shown that alanj Iglycme, lustidme, 
hydroxyprolme, aspartic acid, serme, threonme, 

X ahne, leueme, isoleucme, glutaimc acid, methiomno, 
asparagme, glycme, tjwosme, arginme, phem 1- 
alamne, cystme, cjisteme, trjqitophan, glutamme, 
a alanme, prolme, Ij-sme and omithme oU react 
satisfactorily with the reagent (Woiwod, 104-^^ b) 
Table 1 gives a list of average F \ alues 
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some further ammo acids and peptides mcludmg 
‘pantonme’ (a ammo j3|3 dimethyl -y h> droxj'buty- 
nc acid, Ackermarm A Ivirby, 1948, HoUy, Barnes, 
Komuszy & FoUcers, 1948) It was not possible to 
exa min e m detail the behamour of all those sub 
stances, but readmgs wore made at 10 and 30 ftg 
levels of a ammo mtrogen or 6 and 16 fig of poptido 


Table 1 BaUo {F) for some amino acids and peptides 
of weight of a amino or peptide amino nitrogen to 
weight of copper reacting 


Componnd 

ay Diammobutyno acid 
a Ammo n butjaio acid 
a Ammo pj3-dimctbyl y 
hydroxybut 3 ’Tic acid 
Glycylglycmo 
Diglycylglycmo 
Tngiycylglycmo 
y Ammobutyno acid 
4 Ammobutana I carboxylic 
6 Ammopentane 1 carboxylic 


Average F value 

0 26 
0 43 
0 40 

0 22 
0 23 
0 24 

No reaction 
No reaction 
No reaction 


ammo mtrogen, and an average value for the factor 
F obtamed from the slojje of the curve drawn 
tlirough these values In most instances this curve 
passed through the origm, mdicatmg a Imear 
relationslup between copper and mtrogen at least up 
to 30 pg of a ammo mtrogen At macro levels of 
ammo mtrogen those acids winch normally form 
sparingly soluble copper complexes, such as cystmo, 
methionme, leueme and phenylalomne, all react 
well, presumably because the solubihtj’’ product of 
their copper salts is not exceeded 

A more detailed study has been made of glycme, 
vahne and leueme These gne Imear cum'es up to 
30 pg of a ammo mtrogen, but deviate from 
hneanty between 30 and 60 pg a ammo mtrogen 
Excessive dilution of the sodium phosphate solution 
18 madvisable as the amount of copper reactmg/molo 
of a ammo mtrogen is affected by the strength of this 
solution The effect is shown m Table 2, whore 


Table 2 The effect of Na.HPOi concentration on (he 
amount of copper reacting with glycine and lysine 


Copper 

NojHPOi uptake F 
Amino acid {% saturation) (pg Cu/2ml ) value 


Glycme 

(lOpg a ammoN/6ml ) 


Lysme 

(lOpg o ammoN/6mL) 


8 

64 

0 62 

32 

7 9 

0 61 

60 

9 7 

0 41 

100 

114 

0 36 

8 

48 

0 83 

32 

67 

0 70 

60 

76 

0 63 

100 

88 

0 46 


mcreasmg strengths of disodium hydrogen phosphate 
solution up to saturation give mcreasmg copper 
uptake with standard solutions of glycme and lysme 
amounts of a ammo mtrogen were used m 

' < 

\ • 
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every case, the figures m the third column being the 
copper value m a 2 ml sample of the filtrate The 
blank copper value also rises slowly v\ itli mcreasmg 
phosphate concentration 

It seems unhkolv that any adjustment m the com 
position of the reagent will give the theoretical \ aluo 
of 0 44 with all acids The final composition chosen 
IS one winch gives tlus value with glycme Tins 
compound was used for much of the exploratory 
work Most of the ammo acids tested giv e v alues 
winch ho fairly close to this theoretical value, 
Buggestmg the formation of complexes of the ty^io 
A.Cu A number of a ammo acids, howov or, behav e 
m exceptional ways Lysme and ornithine both 
react less readily' than other ammo acids, giv mg an 
av’erago F value of about 0 6, whereas histidmo and 
ay diammobutyric acid hav o approximatelv the 
same F v'olue ns peptides (0 22), mdicatmg the 
formation of a complex of the ty’pe ACu !Mono 
ammo ncwls with aramo groups at other than the 
a position show little or no reaction with copper 
phosphate j3 Alanmo reacts very slightly and 
y nmmobutyTic, 4 ammobutano and 5 ammopen- 
tnne 1 carboxy hcacidsdonotreactntnll Thisfniluro 
of ammo acids wuth the ammo group at other than 
the a position to form copper salts has enabled Dent 
(1948) to separate such acids from a ammo acids 
by rurmmg the copper salts of the nnxed acids on 
two dunonsionnl paper chromatograms A mono 
ammo acid with the ammo group at a position other 
than a will not be affected by copper phosphate 
treatment, whereas the a ammo acids will fail to 
appear m their usual positions and run to one side of 
the paper cliromatogrom All the peptides so far 
tested have giv on v alues ofF very near that expected 
for the formation of a complex PCu 

Application to paper chromatography 

The copper phosphate reagent reacts satisfactorily vnth 
ammo acids soparated by paper chromatography (Woiwod, 
1948a, 6) and has been used to detomune the ratio of leueme 
to threonmo m a sample of polymyxm A (Jones, 1948) The 
ammo acid is first located on the chromatogram by mspection 
m ultraviolet hght, this mvolves no destruction of the acids 
or peptides The paper is dned for 3-4 hr at 80° (Woiwod, 
1949), and then oxammed m the dark under lUnmmation 
from on ultraviolet lamp The ammo acids and peptides 
appear ns hght blue fluorescent spots on a dark purple 
fluorescent background 

A square of filter paper (approx IJ x Ij) m ) with the 
ammo acid or peptide spot on it is cut mto strips about 
J X J m These are dropped as a bundle mto a dry test tube 
0xfm,26ml of Na^HPOi solution is added and the tube 
left to stand 30 mm with occasional swirlmg Copper phos 
phnte suspension (2 6 ml ) is then added and the mixture, 
after standmg a further 30 mm , is filtered The filtrate is 
treated os described for the dotermmation of ammo N 
A blank square of paper of the same size is out from the paper 
and earned through nn identical senes of operations The 
Cu value obtamed after correcting for the blank is converted 
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to N or weight of matenal by means of a standard curve The 
blank consists mainly of soluble copper from the copper 
phosphate suspension and is normally about 1 0 pg 
copper/ml of filtrate A square of A\Tiatmnn (nos 1 or 4) 
paper 1 J x 1 J m gives no readable eoppcr colour when tested 
without the addition of copper phosphate 
Early work with glycme and vahno nsmg n butanol with 
ammoma as the solvent give recovenes of ammo N between 
00 and 95% after chromatography (Woiwod, 1948 a) After 
further development of the copper reagent, recovenes from 
chromatograms were re mv estigated The solvent used was 


fluorescence often extended nght to the solvent front It 
may therefore be that fadure of the acids to reach equihbnnm 
with the solvent m the mo vmg phase is partly responsible for 
the losses 

The rather large losses of ammo N on paper chromato 
grams, particularly with faster mnniiig ammo acids, 
probably accounts for the larger quantity of ammo H needed 
to obtam good two dimensional paper chromatograms The 
ammo acids, besides bemg depleted dumig the run, are also 
dispersed over three to four times as great an area as com 
pared with a smgle dimensional paper chromatogram For 


Table 3 Recovery of amino nitrogen from chromatograms of single amino-acids on Whatman no i paper 





Before 


Standard 




Approx 

running 

Recoverv 

deviation 

Recovery 

Solvent 

Ammo acid 

Rf. value 

(pg Cu/2ml) 

(pg Cn/2ml) 

(pg Cn/2mL) 

(%) 


Smgle dimensional paper chromatograms run 16 hr 



n Butanol acetic 

Glycme 

02 

18 6 

17 7 

03 

95 1 

acid 

Vahne 

04 

28 8 

26 1 

06 

90 7 


Leucme 

06 

216 

17 6 

08 

81 5 

‘Colhdme’ 

Glycme 

01 

18 6 

17 5 

— 

941 


Leucme 

04 

21 6 

17 6 

— 

815 


Two-dimensional paper chromatograms run 16 hr each way 



n Butanol acetic 

Glycme 

— 

18 6 

16 1 



86 5 

aad and phenol 

Vahne 

— 

28 8 

20 6 



71 6 


Leucme 

— 

21 6 

13 8 

— 

63 9 


n butanol acetic aad (Partndge, 1948) run on Whatman 
no 4 paper, this combination of solvent and paper bemg 
used for routme smgle dimensional chromatography m this 
laboratory Glycme, vahne and leucme were studied Ten 
spots of each substance were run for 16 hr , the spots located 
by ultraviolet hght and the ammo N determmed therem 
The recovenes, based on the copper m a 2 mk sample of 
filtrate, are shown m Table 3, together with the standard 
deviation fimm the mean of the ten results at each leveL The 
results mdicated that the percentage recovery decreased 
with mcreasmg iJj. values ‘ Colhdme ' gave a similar result 
with five spots each of glycme and leucme 
If the loss of ammo N mcreases with the distance the spots 
travel, then decreasing recovenes should bo obtamed when 
the same substance is run on the chromatogram for mcreasmg 
times This is the case with glycme (Fig 1) Samples con 
tammg 20 pg a ammo N were run for vonous times on 
Whatman no 4 paper with n butanol acetic acid as solvent, 
the paper removed, dned and detemunations of ammo N 
made There was a progressively poorer recovery with 
mcrease m the distance the ammo aad had travelled fixim 
the startmg hne Little work has yet been done with 
recovenes from two-dimensional paper chromatograms It 
was thought, however, worth seeing whether the method 
could be apphed to such paper chromatograms A mixture 
of glycme, vahne and leucme was run m dupheate first with 
n butanol acetic aad and then with phenol as solvents, m 
that order After 16 hr m each direction on Whatman no 4 
paper, the spots were located by ultraviolet hght and the 
ammo N detennmed The recovenes are shown m Table 3 
Considerably greater losses occurred with the two-dimen 
sional paper chromatograms than m the smgle dimensional 
runs The losses, agam, were greatest with the faster runnmg 
compounds It was thought that adsorption was the most 
likely cause of the losses It was noted, however, that with 
smgle dimensional paper chromatograms a *tramhne’ of 


this reason more satisfactory two-dimensional paper chro 
matogiams are obtamed when the startmg spot is kept as 
small as possible, preferably 0 1m m diameter, or less 
(Woiwod, 1949) 



Fig 1 Curve illnstratmg the progressive loss of ammo X 
with mcrensing distance travelled from startmg hne 
Smgle-dimensional paper chromatogram run with n buta 
nol acetic aad on no 4 Whatman paper Ongmal glvcme 
concentration eqmvalent to 20 pg a ammo X 

The destruction of amino-acids by ntnhydnn on 
paper chromatograms 

The usual procedure for locating ammo acids on 
paper chromatograms is to spray with a solution of 
■mnhy drin and then to heat Coloured spots are 
obtamed which mdicate the position of the v anous 
ammo acids andpeptides Anm\estigation,bj means 
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of the copper reagent, of the breakdown of ammo- 
acids occurrmg durmg rurdiydrm colour develop 
ment, mdicated that considerable quantities of 
ammo mtrogen remamed after colour development 
was apparently complete Before the copper reagent 
could be apphed to nmhydrm sprayed papers, how- 
ever, a method had to be foimd for blockmg tho 
reaction between excess nuiliydrm on the paper and 
copper phosphate The addition of 4 0 g /I of sodium 
borate to the disodium hydrogen phosphate solution 
completely inliibited the reaction That there uas 
not complete destruction of ammo acids by mnliydrm 
was noted by Work (1948) who recluomatographod 
a spot already fully de\ elojied by nmhydrm and was 
able to obtam a coloured spot m a now position after 
respraymg ivith more nmliydrm and heatmg We 
have confirmed this observation With glycmo it has 
been found that after spraymg -with nmhydrm, 
heatmg for increasing times and estimating tho 
residual giycme with copper phospliate reagent, 
there is a rapid mitial destruction of ammo nitrogen 
and then breakdown practically ceases Rosprajmg 
vuth nmhydrm solution and reheatmg causes little 
further destruction, nor is extra colour development 
obtamed This behanour, illustrated m Fig 2, would 



Fig 2 Residual glycmo, by copper phosphate estimation, on 
no 4 Whatman paper after spraymg with 0 1 % mnhydrm 
m chloroform and heatmg Origmal giycme concentration 
eqmvalent to 20 pg a ammo nitrogen 

be consistent with the formation of a substance 
inhibiting the reaction between nmliydrm and 
giycme on paper The nmliydrm reaction is un 
doubtedly complex, as solutions of the coloured spots 
give a number of coloured bands on an alumma 
column, and it seems probable that among the 
products of the reaction such an inlubitor could be 
present It was suggested (Woiwod, 1 948 o) that the 
failure of mnliydrm to destroy more than a portion 
of the ammo acid m a spot on paper might enable 
acids to be located by this reagent before quantitative 
estimation The difBoulty m assessing the degree of 
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breakdown, however, led to abandonment of the 
method m favour of usmg ultraviolet hght for 
locating the spots 

DISCUSSION 

Tho copper phosphate reagent descnbed here can bo 
used to detemuno both the a ammo group of ammo 
acids, and tho free ammo groups m polypeptides and 
proteins which liaie been called ‘peptide ammo’ 
groups m this paper Although two coniersion 
factors are therefore necessary, this raises no 
problems when determmations are made on solutions 
of isolated ammo acids or peptides, as tho necessary 
conversion can m most cases be aclueicd by means 
of standard curves prepared beforehand With 
mixtures of a ammo acids and peptides, howei er, 
such ns those m partial hj drolj sates of protoms, it is 
not possible to say with cortamtv n hat factor should 
bo used for converting copper into ammo mtrogen 
Pope Stevens (1939) followed the digestion of 
fibrm by trypsm and showed that the results they 
obtamed wath their copper reagent agreed wath those 
gi\ en by the gnsomotnc Van Slyke method A con- 
version factor which assumed that 1 mole of copper 
was eqmvalent to 2 moles of ammo mtrogen was 
used It may bo that verj' long peptide chams 
reacted under their conditions m such a way that 
this factor was a fair approximation Howe\er, 
tho few peptides tested at micro levels (Table 1) 
react ns if a complex PCu was fonned Bv the 
nmliydrm method of Van Slyke, MncFadjen 
Hamilton (1941) it is possible to dotermme and to 
correct for free a ammo mtrogen m a complex 
protem digest, and hence to obtam the peptide 
ammo mtrogen, nssummg a factor of 0 22 to hold 
m nil circumstancos w hen com ertmg copper mto 
peptide ammo mtrogen This assumption maj not 
bo justified m mew of the lack of knowledge existmg 
about tho reaction of copper wath peptide ammo 
nitrogen Though the t ammo group of Ij'sme appears 
to be mnetne m the free acid no information is 
available as to its reaction when the a ammo group 
18 m peptide Imlcage Similarly, it is by no means 
certam how the immazole group of histidme will 
react when its a ammo group is m peptide linkage 
In practice, however, these lumtations are not found 
to detract from the usefulness of the copper reagent 
m following the rate of hydrolysis of a protem, w hen 
an arbitrary factor of 0 44 for convertmg copper to 
ammo mtrogen is used The presence of such acids 
os lustidme or ay diammobutjTio acid m large 
amounts m peptides or protems makes it difficult to 
assess the degree of breakdown of such materials, as 
both these ammo acids form complexes of the type 
A Cu, and ammo mtrogen figures m excess of the 
total mtrogen figures can be obtamed if the factor 
0 44 be used By plottmg ammo nitrogen against 
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time a guide to the tompieteness of the digestion, can 
be obtained although the figures have no absolute 
significance Attention is drawn to these points as 
Ignorance of these efiects nught lead to faulty con 
elusions hemg drawn fi'om experimental results 
The failure to obtam a theoretical conversion 
factor with many ammo acids is ^ first sight 
puzzling, smee it appeius in some instances as if 
more copper were mcorporated than the formation 
of the complex AjCu would allow Borsook & 
Thunann (1932), howeier, showed that a number of 
copper complexes of both glycme and alanme can 
be obtamed and can eo-exiat m solution, similar 
behaviour with other acids could account for the 
anomalous results obtamed m the present work 
Furthermore, it is not certam that the soluble copper 
salts estimated by the present method correspond 
to the isolated copper salts of the ammo acids 


SUMMARY 

1 A method is described for determinmg micro 
amounts of a ammo mtrogen (1-60 /ig ) and peptide 
ammo mtrogen (1-26 pg ) 

2 The method has been apphed to smgle and 
two dimensional paper chromatograms of a number 
of a ammo acids and an evaluation made of the 
losses mvolved dunng chromatography 

3 The destruction of ammo acids on heatmg the 
spots on paper cliromatograms developed with mn- 
hydnn has also been studied quantitatively It is 
suggested that a decomposition product makes the 
reaction self limitmg 

I am indebted to Dr C E Dent for samples of the non-a 
ammo acads investigated I also wish to thank Mr R Euught 
for valuable teohmcal assistance 
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Long -chain Unsaturated Fatty Acids as 
Essential Bacterial Growth Factors 

SUBSTANCES ABLE TO REPLACE OLEIC ACID FOR THE GROWTH 
OF COR7NEBAOTERIUM ‘Q’ WITH A NOTE ON A POSSIBLE METHOD 
FOR THEIR MICROBIOLOGICAL ASSAY 


By M R pollock (Leverhulme Research Fellow), G A HOWARD and 
B W BOUGHTON (Leverhulme Research Scholar) 

Medical Research Council Unit of Bacterial Chemislry, Lister Institute, London, iS TF 1 

[Received 19 A'prd 1949) 


Forty years ago, Flemmg (1909) observed the 
stimulatory effect of oleic acid on the growth of 
Coryncbactcnum acnes, but it is only recently that the 
essential nature of long cham unsaturated fatty acids 
for the growth of certam organisms has been firmly 
established It is now generally accepted that 
Imoleic acid is essential for the proper nutrition of 
rats (see Hansen A, Burr, 1946), while Fraenkel 
A Blewett (1047) hare shown that it (or Imolemo 
acid) IS necessary for normal deiDlopment of the 
moth Ephcslia kuehmcUa Benliam (1941) has 


reported that oleio acid is essential for the growth of 
the fungus, Pityrosporum ovale, while, amongst 
bacteria, oleic acid has been found necessary for the 
growth of some strains of Oorynebactenum diph- 
theriac from a small moculum (Cohen, Snyder & 
Mueller, 1 94 1 ), for Gloslndium tetani (Feeney, Mueller 
& Mdler, 1943), for Cl sporogenea m the absence of 
biotm (Shull, Thoma & Peterson, 1949), and for the 
umdentified Micrococcus ‘C’ Puhos, 1947) Tliere 
have also been reports, of which the most accurate 
and complete are those of Williams A: Fieger (1946) 
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and Williams, Broquist &, Snell (1947), proving the 
necessity of oleic acid or hnoleic acid for some strains 
of lactobaciUi, usually only m the absence of biotin 
Durmg experiments on Haemophilus pertussis, a 
chance contammant was isolated which was found to 
have the property of symbiotically stunulatmg the 
growth of H pertussis m nutrient broth and other 
media without blood (Pollock, 1948a, 1949) This 
organism proved, on further mvestigation, to be 
unable to grow m a medium of known composition 
without the addition of oleic acid It was found to 
be an obligatory aerobic diphtheroid, fermontmg 
glucose, but not lactose, sucrose, manmtol or 
dulcitol, and has been provisionally labelled Cory- 
nehactenum ‘Q’ Its general properties and its 
clear cut response to oleic acid suggested that it 
might be a smtable test orgamsm for a study of the 
function and metabolism of long cham fatty acids 

SEETHODS 

CHassiaire All glassware was thoroughly cleaned with hot 
chromio aoid to remove trnees of fat, and the 50 ml Erlon 
meyer flasks used for growth experiments were plugged with 
speeial fine glass wool (Fibreglass Ltd ) previously extracted 
with methanol and acid cleaned (Pollock, 10486) 

Medium ‘Vitamm free’ casern hydrolysate (Ashe), 
supplemented by tryptophan, cystmo, salts and growth 
factors (pH 7 0) as follows Basal medium (final concontm 
tions) casern hydrolysate (Ashe, 'vitamm free’), 6 0, 
KH,P04, 4 6 mg /ml , NaOH, to pH 7 0, l cystme, 0 0024, 
L tryptophan, 0 0008, irgS04, 0 02, FCSO4, 0 0016 mg /ml 
Growth factors ‘A’ biotmO Ol.nicotmamidc, 1 0,Ca panto 
thenate, 0 76, pyndoxme, 2 6, riboflavin, 1 2 ancunn, HCI, 
0 6 , p aminobenzoic acid, 0 46 , haomm, 2 0 pg /ml Growth 
factors ‘B’ guanmo sulphate, 11 0, mositol, 9 0, urned, 6 6, 
ademne sulphate, 10 0, cytosmo, 6 6, pimelio acid, 0 8, 
fohe acid, 1 0 fig /ml 

All tests classified m Table 1 were done m a medium 
consistmg of casern hydrolysate, salts and growth factors 
‘A’ For the accurate curves depicting the relationship 
between growth opacity and fatty acid concentration 
(Fig 1) both groups of factors ’A’ and ‘ B’ wore included m 
the basal medium 

This was steniued by Seitz filtration, the haemm was 
first autoclaved and added after the rest of the medium had 
been stenlized 

Inoculum One drop of a 1 100 dilution of a standord 
suspension of cells grown on tryptio meat agar (without 
added oleic acid) for 24 hr and once washed with water 
This was found to contam on an average 60,000 viable cells 
Incubation Unless otherwise stated, cultures wore m 
oubated aerobically at 37°, and growth was recorded by eye 
after 1, 2 and 3 days as tr , tr + , ”+ , + + , etc Flasks were 
left for 7 days before recording a negative result 

Fatly acids Trivial and systematic names of fatty acids 
mentioned m the text are as follows brassidic, imnsheneioos 
12-ene 1 carboxyho acid, dihydroiysteana, 8 9 dihydroxy 
heptadecane 1 carboxyho acid, dibromosteano, 8 9 dibro 
moheptadecane 1 carboxylic acid, eruoio, ctsheneicos 12 
ene 1 carboxyho acid, elaeosteano, heptadeoa-8 10 12 
tnene 1 carboxyho acid elaidio, transheptadeo 8 ene 1 


carboxyho acid, launc,undocano 1 carboxyho acid, hnoleic, 
heptadoca 8 11 dione 1 carboxylic acid, Imolcmc, hepta 
doca 8 11 14 tnene 1 carboxyho acid, mjTistic, tndecane 
1 carboxyho acid, oleic, cishoptadec 8 one 1 carboxyhcacid, 
ap oloic, hoptadec 1 ene 1 carboxyho acid, palmitic, penta 
decano-1 carboxyho acid, palmitoleic, pontadcc 8 ene 1 
carboxylic acid, potroschnic, hoptadec 5 ene 1 carboxyho 
acid, ncmoleic, 11 hydroxy hoptadec 8 one 1 carboxyho 
acid, stcanc, heptadecane 1 carboxylic acid 

The fatty acids used were the purest that could bcobtamed 
Palmitic and stcanc acids and the first samples of hnoleic 
and Imolcnio acids wore gifts from Dr W T J Jlorgan, 
Inunc, mynstic, petrosehnic, elaeosteano and the second 
samples of hnoleic and hnolemc acids were supphed by Prof 
T P Hdditch, the four latter as methyl esters These esters 
were hydrolysed by heating with X HaOHforSOmin at 100° 
nndor Nj Pure oleic acid was obtained by distilhng a com 
mercial sample (Hopkm and WiUiams ‘Purified’ grade), 
followed by punfication through dibromosteano acid (Holde 
A Gorgas, 1920) and redistillation tn tacuo Jlethyl palmi 
tolcnte was isolated from distilled sperm od fatty acids The 
methyl esters of the liqmd acids prepared by the Pb salt 
method (Hilditch, 1940) were fractionated in vacuo usmg an 
8 m Fensko column fitted with a heated jacket and reflux 
ratio head The fraction boihng at 138-139°/! 6 mm had 
an Ij number of 102 (Trappo, 1938), and gave an acid with an 
eqmvalent of 266 The dihydroxystcanc acids were prepared 
by the methods of ittcoff, JIoo A Iwcn (1948) and Scanlan 
A Swem (1940) Elaidic acid was prepared by the method 
of Bertram (1930) Tween 80 (Atlas Powder Co ) waspunfied 
accordmg to Davis (1947) Ricmoleic acid and enicic acid 
wore punCed by partition chromatography (Howard A 
Martm, unpublished) 

AU fatty acids wero dissolved m the mmimnm amount 
of NaOH needed to give a stable solution or emulsion and 
added to the basal medium without further treatment, apart 
from stonhzation by autoclavmg at 16 lb pressure for 
20 mm 

In experiments where growth was measured turbidi 
motncally, the Spekkor absorptiomoter was used, with 
neutral grey filter H 108, and the concentration of fatty acid 
added plotted agamst the opacity of the culture (expressed 
as log IJI) The relationship between opacity and dry 
bactenal weight was established by makmg senal dilutions 
of a washed suspension containmg a known weight of cells 
m the medium used for growth, and plottmg a standard 
curve The dry weight of organisms was measured by drying 
a suspension of cells twice washed with distilled water in an 
oven at 110° to constant weight 

RESULTS 

Effects of different fatty acids 

If strict precautions were taken to elimmate all 
traces of extraneous fat, no xosible groudli e\er 
occurred in the basal medium Attempts to simplify 
tins medium were not very successful, although it 
was found that satisfactoiy^ growth occurred m a 
mixture containmg eighteen ammo acids, Fe"*^, 
and eight ‘A’ growth factors (see ‘Methods’) 
together with 10 pg /ml oleic acid After this con 
firmation that ‘ Q ’ would grow as well in a medium 
of known composition as m the casern hydrolysate, 
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and since no growth occurred in the latter in the 
absence of oleic acid, it was decided to use the casein 
hydrolysate as a basis for subsequent tests rather 
than the ammo acid mixture, for the sake of 
economy 

Table 1 Ability of different long -chain fatty acids 
to support the growth of Corynebactenum ‘Q ’ 

(Medium oasein hydrolysate + growth factors (see 
‘Methods’), incubation at 37°, aerobically , moculum, about 


and hnolemc acids were nearly 20 years old How- 
ever, the second samples of these two acids, which 
were freslily prepared, kept as then methyl esters 
and tested on the same days as the hydrolysis to the 
acid, gave exactly the same results as the 
origmal preparations Tins ‘double action’ effect 
wluch characterizes the action of unsaturated fatty 
acids on a number of different bacterial species (see 
Pollock, 1949) IS much more marked m the case of 
oleic acid auitmg on lactobacdh (Wilhamsetal 1947) 


60,000 cells ) 



Concen 

C 

Irowth after 


tration 

f 

A 


Acid tested (fig /ml ) 1 day 

2 days 

3 days 

Oleic 

26 

tr 

+ 

+ + + 


6 

+ 

+ + 

+ + 


1 

tr + 

tr + 

4 - 

Elaidio 

26 

+ 

+ + 

+ + + 


6 

+ 

+ 

-t + 


1 

tr + 

tr + 

+ 

Petrosehmc 

26 

7tr 

tr 

+ + + 


6 

- 

tr + 

+ 


1 

- 

tr 

tr + 

Pahmtoleio 

26 

- 

_ 

- 


6 

+ + 

+ + 

+ + + 


1 


+ 


Lmoleio 

26 


+ 4 - 

+ + + 


6 

- 

+ + 

+ + 


1 

tr + 

+ 

-t 

Lmolemo 

26 



_ 


6 

- 

+ 4 * 

+ + 


1 

tr + 

4 - 

+ 

Tween 80 

26 

tr 

4 - + 

+ + + 

(purified) 

6 

tr 

4 - 



1 

- 

- 

tr 

Lanno 

Brassidio 

1 



Mynstio 

oB Oleic 


No gro\rth up to 

Palmitic 

cisDihydroiysteanc 1 

7 days, at cone 

Stcano 

(roailhhydroxysteanc 

[ of 1, 

6, and 

Biomoleic 

ci«Ihbromo3teano 

25 uc /ml 

Ernoio 

<ran«Dibromosteano 

1 




Fig 1 Relation between total final growth of Coryne 
bacterium ‘Q’ and concentration of different fatty acids 
in the medium Basal medium casern hydrolysate plus 
growth factors (see ‘Methods’), mcubation, aerobically 
at 37° for 3 days, moculum, about 60,000 ceUs 

It can be seen that the quantitative response to 
the active compounds is nearly the same, although 
petrosehmc acid is not apptu^ntly qmte so active as 
oleic acid, while with palmitoleic, hnoleio and 
(especially) hnolemc acid the picture is eomphcated 
by the superposition of an inhibitory effect on the 
growth promotmg one The most striking result is 
that shown by the ‘unnatural’ elaidio acid which 
gave almost exactly the same yield of cells as its 
isomer, oleic acid However, with petrosehmc 
acid it was observed that the rate of growth 


Tlie results axe summarized m Table 1 For oleic, 
elnidic, petrosehmc, hnolemc, hnoleio and pahm- 
toleic acids, the relationship between concentration 
of fatty acid m the medium and total yield of 
organisms m dry weight after mcubation for 3 days 
IS expressed m the form of cun'es based on accurate 


opacity measurements (Fig 1) None of the acids 
which failed to promote growth had any detectable 
mhibitorj effect at a concentration of 26 pg /ml m 
the presence of 10 pg /ml oleic acid 

Tliree different preparations of oleic acid and two 


each of Imoleic and hnolemc acids gave substantially 
the same results It will be noticed that the lughei 
concentrations of palmitoleic, Imoleic and hnolemi 


acids were markedly inhibitory, and it was first 
supposed that this imght be due to some toxic 


impurity present m relati\-ely small amount, 
particularly smce the first samples tested of Imoleic 


was considerably slower than with oleio acid 
(Table 1) 

All saturated fatty acids tested were without 
effect The action of purified Tween 80 (a polyoxy- 
ethylene derivative of sorbitan mono oleate) shows 
conclusively that the organism can utdize the oleate 
m this estenfied form, the shght delay m growth 
compared to free oleic acid possibly bemg due to the 
need for prehmmary hydrolysis, or to slower diffusion 
through the cell waU Utilization of purified Tween 
80 by certam oleic acid-requirmg lactobaoilh has 
also been reported by WdhamseJal (1947) Samples 
of ncmoleio acid and erucic acid gave, when first 
tested, shght growth m flasks contaimng the higher 
concentrations This, howei er, was shown to be due 
to some residual impurity for, after passmg these 
acids down a chromatographic column (Howard 
& Martm, unpublished), neither compound gave any 
growth whatever up to 26 pg /ml 
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a-Elaeosteano aoid was tested on several occasions, 
but the results were variable and have not been 
recorded It was discovered that the iodine number 
of elaeosteanc acid fell from 260 to 142 -when the 
methyl ester was hydrolysed by heatmg 0 6 g at 
100° with 2 n NaOH, and contmued to fall durmg 
mcubation m m/ 30 phosphate buffer at pH 7 6 and 
37°, reaclung 32 m 5 days Tests with this acid are 
therefore meaningless Tlus destruction of elaeo 
stearic acid under aerobic conditions was also 
observed by Kodicek &. Worden (1040) 


Microbiological assay of olctc acid 

The relative lack of specifieitj' m the response of 
Corynebactenum ‘Q’ to fatty acids clearly reduces 
its value as an assay organism for oleic acid Never- 
theless, on occasions, the microbiological estimation 
of mmute amounts of oleic acid (known to be the 
sole fatty acid present), or of oleic acid-hke sub 
stances, has been of some value (see Pollock, 1049), 
particularly as there is yet no chemical method 
available The basal medium employed n as the same 
as that used m the ordmary growth experiments, 
with the addition of ‘ B ’ group of growth factors , and 
the teclmique of moculation, mcubation, etc was 
similar Satisfactory duplicates were obtamed by 
mcubatmg for 3 days m the usual way, but a linear 
response between concentration of fatty acid added 
and dry weight of cells produced was not obtamed 
unless the flasks wore shaken to promote maximal 
aeration Table 2 gives the values obtamed, ■with 
their standard deviations, up to a concentration of 
10 fig /ml of added oleic acid It appears that con- 
centrations of oleic acid between 2 0 and 10 Ofig /ml 
could be assayed -with an error of not more than 1 6 % 
Slight variations m the relationship between gro'wth 
and concentration of oleic acid were found to occur 
from day to day Flasks contairung at least two 
concentrations of oleate were therefore set up and 
moculated at the same time as the test, so that a fresh 
standard curve could be prepared each time Tryptic 
meat broth and also 2 % peptone water were foimd 
to be almost as satisfactory as the fat free casern 


hydrolysate medium for such estimations, although, 
of course, allonanco has to bo made for the sliglit 
growth (equivalent to an oleic acid content of about 
0 4 ftg /ml in both cases) which occurs m the basal 
medium -without added oleic acid 


Table 2 Microbiological assay of oleic 
acid with CorjTiobactorium 'Q' 

(Flasks were incubated at 37° for 3 days on a mechanical 
shaker Basal medium ‘Vitamm free’ casein hjdrolysate 
with surtcen growth factors (see ‘Methods’) Inoculum 
about 60,000 cells ) 


Olcio acid 
added 

(ms / ml ) 
20 
60 
10 0 



Slean yield 


No of 

of cells 

Standard 

flasks 

(fig dry wt /ml ) 

deviation 

8 

01 

±3 6 (6%) 

8 

144 

±4 2 (2 9%) 

6 

263 

±0 8(2 7%) 


A crude biological extract w os prepared bj heatmg 
a ■washed suspension of Escherichia coli for 30 mm 
at 100° and spmnmg off the cell debris The super- 
natant liquid w ns found to ha\ o a growth stimulntmg 
action for ‘ Q ’ corresponding to an oloic ncid content 
of 41 6 fig /ml , and the added oleic acid could be 
estimated sntisfactonlj m the presence of this 
e-xtract diluted 1 0 (see Table 3) Howeter, the 
assay of oleic acid m the presence of substances such 
ns undenatured serum albumm or soluble starch, 
both of winch liavo a high combinmg nffimty for 
oleic acid, was found to be unsatisfnctorj It is clear 
that on attempt to assay unsatnrated fattj acids m 
biological material of unknouTi composition would 
have to bo preceded by an extraction of all hpid with 
some fat solvent, or the demonstration that added 
oleic acid could be satisfactorily estimated m its 
presence 

DISCUSSION 

In general, the results reported here for Corync- 
bacierium ‘ Q ’ conflrm and extend those of Wilhams 
& Fieger (1040) and Wilhams ct al (1947) with 
lactobnoilli The range of compounds able to replace 
oleic acid is relatively narrow At least one double 


Table 3 Effect of crude biological extract on assay of oleic acid with Corynebactenum ‘ Q ’ 
(The crude extract used was an aqueous infusion of a boiled cell suspension of Escherichia coli ) 


Extract present 
(ml) 

Oleio acid added 
(/ig /ml ) 

Yield of colls 
(fig dry wt /ml ) 

Total assay m 
terms of oleio 
acid (fig /ml ) 

Oleio ncid ‘recovered’ 

A 

(fig /mb) (%) 

0 

0 

0 

fS/ 



— 

0 

66 

168 




— 

0 

22 

86 




— 

026 

0 

31 

1 0 



— 

0 26 

60 

180 

68 

48 


90 

026 

20 

113 

33 

23 


116 

1 0 

0 

146 

47 



— 

1 0 

6 6 

300 

97 

60 


00 

1 0 

2 2 

220 

7 3 

20 


118 
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bond appears to be absolutely essential, but its 
exact position is less important In the Cjb senes the 
6 6 position* (petroselinio acid) is nearly as satis 
factory as the 8 9 (oleic acid), although oleic 
acid (1 2 position) is mactive The configuration 
around the double bond is apparently not cntioal, 
since elaidio acid has the same activity as its cts 
isomer, oleic acid A single hydroxyl group, however, 
mthe 11 position (ncmoleio acid), abolishes activity 
Shortenmg the cliam length by two methylene 
groups, leavmg the double bond m the same position 
relative to the carboxyl group (pahmtoleic acid), 
does not greatly reduce the activity, but the C,j 
acids, eruoio and brassidio, with the double bond m 
the 12 13 position, are qmte inactive 

The same relative lack of importance of the 
position of the essential double bond has been 
reported by Shull et al (1949), who found that cm 
vaccemc acid (A^'’i^’- isomer of oleic) would com- 
pletely replace oleic acid for the growth of Cl aporo 
genes m the absence of biotm These workers also 
found that the trans isomers of both oleic and vaccemc 
scids were active, only leas so than oleic acid itself 
For laotobaoUh, too, elaidic acid has been reported 
(Wilhams <fe Fieger, 1949) to be able to replace oleic 
acid 

The hnear relationship between growth and fatty 
acid concentration of the medium suggests that oleic 
acid and its analogues are used to form some essential 
ooustituent of the cell protoplasm The figures already 
quoted show that oleic acid consistently supports 
the growth of almost thirty times its own weight of 
cells of Corynebactenum ‘Q’ Nevertheless, it must 
be emphasized that knowledge of the functions and 
metabohsm of fatty acids m bacteria is scanty The 
possibihty that the growth promoting effect of oleic 
acid may be due to some physicochemical effect 
(e g on the permeabdity of the cell waU, as suggested 
by Kodicek, 1949), or purely to its actmg as a specific 
source of energy, caimot ^ completely ruled out 
It 18 also conceivable, although very unhkely, that 
the difference m growth promotmg effect between 
active and mactive fatty acids is due possibly to 
very great differences m the ease mth which they 

* In this disouBsion the numeration is on the basis of 
Chemical Society nomenclature, m which — GOOH is 
a substituent on C(i, 


may be absorbed through the cell wall Moreover, 
the constancy of cell composition m relation to the 
quantity and quahty of the nutrients provided is not, 
m general, so marked m the case of hpids as it is 
with protem and carbohydrate 

It IS thus not easy to speculate on such questions 
as, for instance, whether elaidio acid is absorbed and 
utihzed as such, or is transformed mto oleic awiid The 
latter would appear more likely smee elaidic acid 
has not yet been found to occur naturally m any 
organism Smolair (1936), however, has shown that 
it can replace up to 30 % of the natural fatty acids 
iT» the phosphohpins of hver and muscle if fed to rats, 
and Paul & McCay (1942) claim that gumea pigs 
will absorb (and probably ‘utilize’) 96% of the 
elaidio acid fed m the diet 

Clearly, such questions wiU not be finally smswered 
until it IB possible to mvestigate how far and m what 
way the fatty acid m the growth medium affects the 
fatty acid composition of the cells whan grown It 
IS hoped to carry out further research along these 
hnes, as well as to extend the range of compounds 
tested for their abdity to replace oleic acid for 
growth of this organism 

SUMMARY 

1 A number of long cham fatty acids have been 
tested for their abihty to support the growth of an 
oleic acid requiring diphtheroid bacterium {OorynS' 
baetenum * Q ’) m a medium of known composition 

2 None of the saturated fatty acids tested 
(launc, mynstic, palmitic, steanc) was active Of 
the unsaturated acids, Imoleic, hnolemc, pahmtoleic, 
elaidic andpetrosehnic acids were roughly eqmvalent 
to oleic acid, although the first three were inhibitory 
m the higher concentrations Erucio, brassidic, 
a^-oleio and ncmoleio acids, however, were aU qmte 
mactive 

3 A possible method for the microbiological 
assay of oleic acid m concentrations between 2 0 and 
10 0 fig /ml has been outhned 

Our thanks are due to Prof T P Hilditoh, , 

DrW T J Morgan, P Rff , Dr J H SohnlmanandDrR E 
Bowman for generous gifts of purified fetty acids, and to 
Dr R ThomaB of Unilevers for a gift of mixed sperm o3 
fatty acids We also express our appreciation to Sir Paul 
Elides, F R S , for his mterest and encouragement 
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Phospholipin Metabolism m Rabbit-liver Cytoplasm 


By G L ADA,* National Institute for Medical Research, London, N IF 3 
{Received \4: April 1949) 


Tile recent -work of Fishier, Entonmon, jMontgomory 
(L Chaikoff (1943) and of Entcnmnn, Cliaikoff A 
Zilversmit (1946) demonstrated that lucr is the 
prmcipal tissue in the body concerned inth the 
production and removal of plasma phosphohpms 
Howe\er, it is not knoini -vrliether synthesis and 
decomposition of phospholipms take place uniformly 
throughout the liver cell or v liethor these fimctions 
are associated with a particular tj^po of particle m the 
cell The present work deals partly with the technique 
of hver cell fractionation and partly with the study 
of the rates of renewal of phospholipms in liver coll 
fractions Hevesy (1945) showed that the rate of 
renewal of phosphohpm phosphorus m liver nuclei 
IS slower than m the cytoplasm His obsonmtion 
is confirmed, and it is shown that there are at least 
three different rates of renewal m different fractions 
of the hver cj’toplasm 

1 ANALYSIS OF LIVER FRACTIONS 

There have been numerous attempts to fractionate 
hver into components which can bo directly related 
to visible granules in the liver cell Several methods, 
e g those of Marshak (1941-2), Dounco (1943), 
IMirsky & Polhster (1946), have been used to prepare 
hver cell nuclei, while methods have been described 
by Claude (1946o), and more recently by Hogoboom, 
Schneider & Pallade (1948) for the fractionation of 
hver cytoplasm Claude described the preparation 
of tliree fractions (1) large granules, correspondmg 
to the imtochondria and secretory granules of the 
histologist, (2) microsomes (small granules), com 
posed of particulate elements of subnucroscopio 
size , and (3) a supernatant, containmg the particles 
and molecules which remam m solution after the 
first two fractions had been removed Hogeboom 
et al (1948) have criticized Claude’s (1946a) proce- 
dure on the ground that the granules isolated m frao 
tion 1 are not identical morphologically or m stainmg 

* Present nddresa The Walter and Eliza HaU Institute 
of Medical Research, Melbourne, Australia 


reactions with the mitochondria seen in the intact 
coll, and they ha\ o desenbed a method of isolatmg 
these mtnet 

MATERIAL AND METHODS 

In an oarhor (unpublished) senes of expenments normal 
rabbit hver was fractionated bj Claude's (1946n) procedure 
Tho presence of glycogen, however, interfered senouslv with 
tho fractionation, ns has also been observed by Claude In 
subsequent expenments this effect was largely chminatcd 
bv withholding food from the ommals tho night before tho 
removal of tho hver 

In viow of tho evidence of Hogeboom el al (1948) that the 
largo granules prepared by tho use of a concentrated solution 
of sucrose more doselj resemble tho mitochondna of tho 
intact cell, their method (m a slightly modified form) was 
used for most of tho present mvestigation In our work the 
first consideration has been the puntv of tho fractions, 
neccssanly at tho exiionso of information about tho amount 
of each present 

Fully grown (2 3-2 8 kg ) rabbits were used They were 
anaesthotircd with nembutal and ether, and after with 
drawal of blood from tho aorta, the liver was excised All 
fractionation procedures wore earned out at or near 0° 

Liver fractionation Hogoboom el a? used 0 88 M sucrose 
solution m their procedure For tho sedimentation of the 
largo and small granules m a reasonably short time from 
a solution of such high density, centrifugal forces of 24,000 
and 41,000 g respectively are needed A refrigerated centn 
fugo dovolopmg such forces was not available, and the 
foUowmg modifications were mtroduced to separate tho 
particles at lower contnfngal forces 

Tho hver was pressed through a 1 mm mesh screen, 
16—20 g of tho resultant pulp wore ground for 6 mm m 
a mortar and 100 ml of 0 88m sucrose solution added over 
aponodoflOmm with contmuous gnndmg The suspension 
was centrifuged at 000 g for 10 min and the deposit of mtact 
hver colls, dobns and nuclei discarded The supernatant was 
centrifuged twice moreatthesame speed, the small sediments 
bemg discarded >■ 

The suspension of oytoplasmic constituents, usually 
divided m two to four tubes, was now centrifuged at 
18,000 g for 46 min to throw down the large granides The 
supernatant, SII, was set aside The deposits were pooled 
with the help of the small amounts of SII left belund and 
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spun ngmn to separate a little more SII The residue of large 
granules "was suspended in the sucrose solution and contn 
fugcd at 18,000 g for 40 mm , this nas repeated three times, 
the supernatants being discarded. As preyiously observed 
by Hogeboomel al , streaming birefrmgonce could be readily 
demonstrated m the BUsponsionB of large grannies m sucrose 
solutions After the purification, the preparation under the 
phase contrast microscopo 1708 seen to consist largely of 
rod like particles For chemical analysis, the largo gnmidos 
were rapidly suspended m a salme bicarbonate solution 
(0 85% (iv/v) NaCl contaming 0 05u NaHCOj), centrifuged 
at 18,000 g for 10 mm and the deposit immediately dnod 
firom the frozen state 

The density of supernatant Sit m four erponmonts rras 
found to vary botiveon 1 1091 and 1 1098 at 2° This solution 
rras dialysed under pressure agamst distilled rvater for 
20-24 hr The volume of the supernatant usually doubled 
during the dialysis, the density of the final solution varymg 
botrveen 1 019 and 1 011 at 2° The dialysed supernatant, 
SII, rras first clarified by centrifugation at 2000 for 
16 mm , the small doxiosit discarded, and the clear super 
natant from this centrifuged at 18,000 g for 2 hr The 
sediment, a reddish btoivn transparent pellet, mil bo referred 
to as the small grannie fraction The supernatant from this 
mis centrifuged at 18,000 g for 2 hr and the very small 
sediment rrhioh mis usnally deposited added to the first 
sediment The final snpematant from this contafugation, 
SUI, Tvas dned from the frozen state 

The Bodunented small grannies rvere resuspended m the 
salme bicarbonate solution and centrifuged at 18,000 g for 
2 hr This was repeated, and the final deposit dned from the 
frozen state 

CJicrmcol unnlyais The purified granule fractions rvere 
analj'sed for total lipid, phosphohpm, nucleic acid P and 
total N Whole liver tissue (a dned sample of the liver pulp) 
lias nnaljscd for total hpid and phosphohpm, uud the 
supematent fractvou (SHI) for phosphohpm 

The dned largo and small granule fractions and the rvhole 
li\ er samples were extracted four tunes by boihng mth an 
ethanol other mixture (3 1, v/v) and finally once mth other 
All the Iipid rvas considered to bo removed by this treatment 
The fat-freo residues of the largo and small granule fractions 
rvere dned at 37° , the diffcronco in dry weights before and after 
extraction rvas taken os tho total lipid content of the sample, 
and rvas expressed as a percentage of tho dry weight before 
extraction 

The combmed extracts from each sample wore evaporated 
to diyness under reduced pressure (20-40 mm Hg) mth N, 
passing through tho extract Tho dry residue rvas extracted 
three times mth light petroleum (b p 40-00°) Since tho 
animals were injected mth morganio radioactive phosphate 
(see Part 2), it was necessary to got nd of traces of con 
tanunatlng radioactive phosphate from the phospholipms 
Ton drops of a saturated aqueous solution of NnjHP04 were 
therefore added during tho light petroleum extraction and 
the extracts vigoroualv shaken It has been shorvn bj Pnes, 
Schnclmer ,5. ChnikofF (1942) that shaking an ethereal 
solution of phospholipms with saturated NajHPOj solution 
effectir cl\ renior odtroeesof mdionctivomotgamoPOi" from 
the phospholipms Tho extract was cleared bv centrifugation, 
nnr particulate matter and morganic phosphate being dis 
errded in tho lower aqueous phase The clear extract was 
concentrated to about 2 ml , and tho phosphohpm pre 
cipitxted hr adding acetone and a saturated solution of 
cthanohe Mga. as described bv Bloor (1929) The phos- 


phohpms were dissolved m moist ether, and phosphohpm 
P estimated colonmotncally by Allen’s (1940) method 
Instead of HClOi as desenbed by ADen, 6 h H 1SO4 and 
HjOj (‘ 100 vol ’) were used for the digestion (The micro 
analytical reagent grade HjOj, supphed by Bntish Dmg 
Honses Ltd , was used throughont this work ) The dned 
supernatant SIH was similarly analysed 

The P and N contente of the fat-free, dry, liver fractions 
were dotennmed on 10 mg samples m dupheate The 
N content rvas detormlnod by a micro Kjeldahl method, 
60% (v/v) H,S04 contaimng l%(w/v) SoOi and HjOj 
(‘ 100 vol ’) were used for the digestion 

It was assumed that all low molooiilar weight P compounds 
were removed m the purification process and therefore the 
P Tcmnimng m tho fat-free residue must be nncleio acid P 
This P was multiphed by 1 7 to give nnoleio acid N and by 
9 01 to give the nudeio acid vnino The nucJeio acid N was 
subtracted Item the total N to give protem N and this was 
mnltiphed by 6 26 to give total protem 

RESULTS 

In Table 1 are given the values obtained by chemical 
analyses of whole liver and of the large and small 
granule fractionB from it Tho total lipid and more 
particularly the total phosphohpm contents of whole 
hver are seen to be reasonably constant In view of 
this, it 18 surpriBmg that the total lipid of the large 
granule fractions is quite vanable, which suggests 
that this fraction is not homogeneous In appearance 
the large granule sediment was never homogeneous, 
two layers bemg alwaj's present Attempts to 
separate these by further differential centrifugation, 
however, were not successful The total lipid content 
of the small granules is greater and more constant 
than that of the large granules Tins greater um 
formity suggests that the fraction might be homo 
geneoufl Tins was supported by prelimmary 
electrophoretic expenmenta m a potassium phos 
phate buffer, of lomo strength 1 = 0 2 and pH= 8 0, 
m winch n smgle boundary was apparent The large 
granule fraction was not aimilarlv exammed 

It 18 suggested here that the centrifugal separation 
of tho large from the small granules may depend 
mnmly on the differences m them respective Iipid 
contents, and hence on the differences m the density 
of the particles, rather than on the differences in 
them size 

The nucleic acid xmlues of the large and small 
granule fractions show the greatest \anation, tho 
averages, however, bemg approximately tho same 
m each Tho variation may be due to the method of 
estimation, depending ns it does on tho assumption 
that ail low molecular weight phosphorus com 
poimds are removed m the purification process 
Estimation of the ribonucleic acid content of these 
fractions by colorimetnc methods based on nbose 
was unsatisfactorv because of other interfonng 
compounds, e g glucose from glycogen break 
down 
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Tablo 1 Lipid, nudcic acid and protein content of whole liter 
and of large and small granules obtained from it 

(All results nro expressed ns percentage of dry wight L =hver, L G =lnrgc granules, S G =small graniJes ‘Total’ 
(last two columns) =sum of total lipid, nucleic acid and protein ) 


Lrp 

no 


Total hpid 

k 


Phosphohpm 

A 

Nucleic acid 

A. 

Protem 


Total 


LG 

"SG 

t 

L 

LG 

SG 

LG 

SG 

LG 

sg' 

'lg 


20 

16 8 

14 1 

42 3 

12 0 

13 1 

31 0 



3 33 



46 0 



912 

21 

16 6 

30 0 

410 

13 6 

17 6 

31 8 

2 34 

300 

03 8 

605 

00 7 

95 4 

22 

16 0 

27 6 

46 2 

13 0 

18 6 

34 0 

2 05 

2 38 

02 0 

40 4 

02 5 

97 0 

23 

21 4 

30 0 

447 

12 0 

13 7 

20 2 

3 92 

3 24 

49 0 

51 0 

88 9 

90 0 

20 

— 

29 0 

442 

— 

10 0 

36 7 

2 45 

29 

01 0 

60 8 

93 7 

97 9 

27 

— 

28 0 

41 0 

— 

19 0 

34 3 

2 45 

2 81 

04 3 

640 

94 8 

OS 5 

29 

17 6 

41 0 

46 0 

— 

17 8 

— 

30 

20 

40 0 

49 7 

04 0 

97 3 

30 

18 2 

37 2 

43 0 

14 0 

17 2 

— 

34 

1 25 

52 3 

63 8 

02 8 

08 1 

32 

18 3 

30 9 

42 0 

13 0 

17 8 

30 2 

26 

204 

01 5 

43 2 

04 9 

88 4 

33 

18 8 

26 0 

401 

13 1 

10 4 

20 0 

2 75 

1 74 

04 4 

— 

92 8 

— 

34 

18 7 

28 2 

43 7 

14 8 

17 0 

28 2 

1 8 

29 

053 

65 1 

95 3 

1017 

36 

19 4 

20 3 

40 2 

16 3 

18 6 

— 

21 

20 

07 6 

67 0 

05 4 

99 2 

Mean 

18 0 

20 6 

434 

13 6 

17 5 

31 2 

27 

26 

60 2 

50 4 

04 0 

06 6 

S D 

1 76 

0 82 

177 

1 02 

2 14 

2 07 

0 67 

0 02 

03 

36 

2 1 

38 


Table 2 Comparison of the analytical data obtained for the large and small granule fractions of rabbit liter 

with those reported by other investigators 


Largo granules Small granules 



f 

Total 

hpid Phosphohpm 

Total Total 

N P 

NAP*' 
(pg )/total 
N (mg) 

/ 

Total 

hpid Phosphohpm 

Total 

N 

Total 

P 

NAP* 
(pg )/total 

N (mg) 

Animal 

Bpccies 



(% d^ wt ) 



(% dry wt ) 




Claude (10466) 

' 26 

10 

10-12 09 - 13 ' 

— 

40-46 

20 

9 16 

8 95 

151 

1 74 

— 

Pig 

Eat 

Hogeboom 
etal (1948) 

— 

— 



16 6 

— 

— 

— 

— 

68 

Rat 

Present author 

29 6 

17 6 

10 6 1 

70 

43 4 

312 

0 

1 6 

80 

Rabbit 


(NAP =Nuoleio acid phosphorus ) 


The protein values also show considerable 
variation, particularly those for the large granule 
fraction In the latter case, however, the variation 
might be due to the inliomogenoity previously 
mentioned No correlation was found between the 
amoimts of the various components m each fraction 
Tlie total hpid, nucleic acid and protem account for 
94 % of the total sohds of the large granules and for 
96 6 % of the small granules Tlius, these fractions 
contain small amoimts of other substances Claude 
(19466), for example, found approximately 0 6 % of 
mositol m the large granules No attempt has been 
made m the present work to identify the unestimated 
components In Table 2 the results of this mvestiga 
tion are compared with those of Claude (19466) and 
Hogeboom et al (1948) The values for rabbits are 
m good agreement with those obtamed for rats and 
gumea pigs The imequal distribution of nucleic acid 
between the large and small granules m rat hvers 
(Hogeboom etal) has not beenfound with rabbit hver 


Distribution of phosphohpm, nucleic acid and protein 
between large and small granule fractions 

The yield (dry weight/dry weight) of fractions 
from hver pulp was as follows large granules, 
3 6 ± 0 9 % , small granules, 4 9 ± 0 8 % , the ratio of 


Table 3 Distribution of constituents between 
large and small granules of rabbit liver 


Nuoloio acid 
Protem 
Total lipid 
Phosphohpm 


Large granules 

(%) 

43 

40 

33 

29 


Small granules 
(%) 

67 

64 

67 

71 


the two bemg 073±011 If it is assumed that tlus 
IS also the ratio of the granules m the hver cell 
cytoplasm, and if the small fractions discarded 
durmg the fractionation are neglected, then the 
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distribution of the cytoplasmic constituents between 
the two types of particles may be calculated as shown 
in Table 3 These values must be very approximate 
because of the great teohmcal difficulties of the 
fractionation procedure The distribution of phos- 
phohpm, among the large granules ( 1 ), small granule s 
(2) and supernatant (3), was similarly calculated 
to be as follows (1) 26 4, (2) 64 6, (3) 9% re- 
spectively 

2 INVESTIGATIONS USING 

RADIOACTIVE PHOSPHORUS 

The object of these experiments was to find out if 
there is a site m the hver cell where most of the 
phosphohpm is synthesized Neutral sodium phos 
phate containing “P was mjeoted mto rabbits and 
the various hver fractions prepared as described m 
Part 1 The specific activities (counts/mm /mg ) of 
phosphohpm phosphorus of the fractions were 
detennmed, and expressed as percentage of ®*P 
mjected/kg of body weight (counts/mm /kg ) 


shaken by hand with cold 6 % (w/v) tnohloroacetio acid 
(10 ml ) and the mixture filtered Inorgamo phosphate was 
separated from the extract as MgNHjPOj 

Assay of AH P samples were obtamed as dry 

MgNHjPOj In early experiments samples containing 60- 
300 fig of P were dissolved m 0 6 ml 01 k HCL Of this, 
0 3 mL was pipetted aconrately on to a small mckel disk, 
whilst 0 1 ml was used for the detenmnataon of P The 
deposits on the disks were dned by gentle heatmg, and the 
radioactivity was measured with a bell shaped Geiger Miiller 
counter 

Owmg to the low radioactivity of some of the samples, and 
the diffioulty of obtammg a uniform layer containmg more 
than 300 fig of P on the disk, a qyhndncal, jacketed counter, 
descnhed by Veall (1948) and smtable for the measurement 
of radioactivity of solutions, was later used. Amounts up to 
5 mg of liIgNH 4 P 04 were dissolved m 1 ml n HCl and 
10 ml. of water added, the radioactivity of 10 ml of the 
mixed solution was then measured and samples of the 
solution were used for P estimations (m duphcate) 

At least 6000 and usually 10,000 counts from each 
speamen were taken, giving a statistical accuracy of at 
least ±16% The specific activity determinations are 
accurate to ±3% 


METHODS 

Admtnislraiton of “P In a few expenments of 4 hr 
duration, the **P (as Na^HPO^ m salme) was administered 
to the rabbits either as a contmuous mtravenous mfusion, 
or m subcutaneous mjeotaons repeated at 20 mm. mtervals 
m order to maintam a constant level of morgamo ’*P m the 
plasma, us described by Hevesy & Hahn (1940) Under these 
conditions, the specific activitieB of all P compounds — 
mcludmg those of the hver phosphohpm — should rise until 
they reach the level of the specific activity of the plasma 
morgamo P 

In the majonty of expenmente, however, morgamo phos 
phate labelled with “P was given m a smgle subcutaneous 
injection, and tho animals killed 2-72 hr later The total 
dose of ”P admmistered was usually 200 fio /rabbit 

Analysis of Uood Blood was obtamed fiom the rabbits 
as descnhed m Part 1 It was collected m a vessel containmg 
hoparm, cooled immediately, and the plasma drawn off after 
centrifugation at 2° Approximately 16 mL of plasma were 
extracted with 20 vol of ethanol-ether (3 1, v/v) and the 
phosphohpms obtamed as descnhed previously Approxi 
matcly 6 mL of plasma were mixed with an equal volume of 
10% (w/v) tnchloroacetio acid, the precipitated protem 
centrifuged off and the morgamo phosphate precipitated as 
MgNH«PO, 

Analysis of liver A sample of hver was fractionated by 
difTercntial centrifugation as descnhed m the previous 
section Liver cell nuclei were prepared by the method of 
Mirsky A. PoUistcr (1940) and dned from the frozen state 
Tho phosphohpms of the fractions were extracted and 
punfied as already descnhed, and were digested with 
Gn HjSO, and HjO, ('100 vol ’) Tho morgamo phosphate 
thus obtamed was precipitated as JIgNH 4 P 04 

Immediately after removal of tho hver, a small portion 
was blotted quickly with filter paper and dropp^ mto 
a freezmg mixture of acetone and sohd CO, The frozen 
tissue was powdered m a steel mortar previously cooled with 
the freezmg mixture Tho crushed hver (about 6 g ) was 


RESULTS 


Table 4 contains the results of an experiment m 
which “P was mjected subcutaneously every 20 mm. 
over a period of 4 hr Samples of blood (6 ml ) were 
taken at mtervals after the first mj ection eis mdicated 
m Table 4, and the plasma morgamo phosphorus 
isolated as previously described The final blood 
sample was taken and the hver removed 20 min 
after the last mjeotion 


Table 4 Specific activity of plasma inorganic P and 
of liver P fractions after subcutaneous injection 
o/“P 


(”P mjected every 20 mm over a penod of 4 hr ) 


A Change m plasma inorganic P with tune 
Plasma morgamo P 
Time after first specific activity 

mjection (mm ) (counts/mm /mg P) 


65 

95 

136 

176 

216 

236 


77 

77 6 

77 

97 

77 

70 


B Specific activity of hver and plasma P fractions 
235 mm after first mjeotion 

Specific activity 

Liver (counts/mm /mg P) 


Inorgamo P 39 

Phosphohpm P, small granules 1 30 

Phosphohpm P, large granules 1 14 

Phosphohpm P, nucleus 1 00 

Phosphohpm P, supernatant 0 73 

Plasma 


Inorgamo P 
Phosphohpm P 


70 

083 
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Tlie specific actmties of the various phospliorus 
firactions shown are typical The specific activitj of 
the morganic phosphorus m the plasma is mamtamed 



Fig 1 Theoretical rolationship between the specific 
radioactivity of procursor and its product 

at a reasonably constant let el Ovorthe4hr period, 
the specific activity of the hv or morgamc phosphorus 
(not corrected for extracellular morgamc phosphate) 
rises to about half that of the plasma morgamc value, 
but the uptake of ’-P mto the phosphohpm fractions 


1949 

Tlie result indicates that phosphohpm fractions 
of different specific actit ities maj exist m the h\ er 
coll under the conditions of this oxpenment How- 
ever, this experiment docs not mdicato whether 
the phosphohpms m the fractions are 83’nthcsizcd 
mdopondentlj of one another m the coll, or whether 
they are synthesized m ono fraction — vnz the small 
granules, ns this fraction has the highest specific 
activity — and are transferred from this fraction to 
the others 

ZiKersmit, Entenman <L Fishier (1943) ha\o 
established mathcmnticnllj' the relationship between 
the specific ncti\ itj of a labelled precursor and that 
of its product m experiments m w Inch the specific 
actiMtj of the precursor is a function of time In 
such oxpcrmionts it is ncccssarj to gi\o only ono 
injection of the labelling agent (0 g “P) This 
relationship is illustrated graphicallj m Fig 1, from 
which it can bo seen that the specific nctmtj of the 
product at its maximum is equal to the specific 
ncti% itj of its precursor at the same time Before 
this maximum has been reached the specific nctmtj 
of the compoimd must bo less, and afterwards it 
must bo greater, than the specific ncti% itj of the 
precursor These criteria ha\ o boon omploj ed m our 
experiments m w Inch sixteen rabbits w ore killed at 
mtor\ nls of 2-72 lir after an mjection of radioactn e 
phosphate 

Smeo it 18 ncccssarj to kill the rabbit m order to 
got sufficient h\er for anah-sis, each animal can 



Fig 2 Change in spooifio radioactivity of plasma phosphohpms of rabbits 
mjeotod with a single dose of morgamc ”P 


IS much slower The two mam cjdioplasmio fractions, 
smaU and large granules, axe similar to each other m 
value, with the former always shghtly higher Tlie 
specific activities of the phosphohpms of the nucleus 
and of the supernatant axe somewhat lower, the 
value of the latter bemg lower than that of the 
plasma phosphohpm 


provide data for one pomt only on tlie tune curve of 
hver phosphorus turnover Tlie metabohe idiosjm- 
crasies of rabbits are such that it is impossible to 
predict beforehand how much labelled phosphate to 
mjeot m order to create exactly the same level of 
“P m any plasma or tissue fraction m all animals at 
the same time To cucumvent this difficultj'' a 
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specific activity time curve of plaama phospholipms 
waa established for an mdependent senes of rabbits 
which were bled at four different mtervals from 2 to 
72 hr after an mjection of labelled phosphate 

This curve, shown m Fig 2 and reproduced agam 
m Fig 3, was taken as the reference standard and all 
specific activities of the plasma phosphohpm phos- 
phorus from the mam senes of experiments were 
adjusted to fall on this curve Correspondingly, the 


The first set of experiments showed that phos- 
phohpm fractions of three different specific eictivities 
exist^ m the hver cytoplasm, and the question 
arose whether the phosphohpins m the fractions 
were synthesized separately, or whether the phos- 
phohpms m one fraction, viz the small granules, 
might be the precursor of the phosphohpins of the 
others In applymg the cntena laid down by 
Zilversmit et al (1943) for the establishment of a 



Fig 3 Change m speofio radioactivity of hver and plnema phospholipina of rabbit injected with a suigle dose of 
morgamo A, Phospholipms extracted from email granules, B, phosphoLpme extracted fifom large granules, 
C, plasma phospholipms, J), phosphohpins extracted from hver ‘supernatant’ after large and small granules have 
been removed. 


specific activities of the three hver phosphohpm 
fractions were multiphed by the same factor Thus 
tins correction does not alter the ratios of the specific 
activities of the three hver phosphohpm fractions to 
that of the plasma phosphohpins , only the absolute 
values are affected 

From Fig 3 it can he seen that the specific 
activity time curves of the tliree hver fractions 
remam mdependent of each other dunng the experi- 
ment That 13, not one of these components behaves 
ns a precursor with respect to any of the others, 
according to the conditions set down by Zilversmit 
ctal (1943) 

DISCUSSIOK 

Hov csy’s (1945) ongmal observation that the rate of 
renewal of phosphohpm phosphorus m the liver 
nuclei IS less than the rate m cjdoplasm has been 
confirmed in the present senes of experiments, 
though there does exist in the cytoplasm a small 
component (the supernatant) with an even slower 
rate of renewal 


precursor, several assumptions, as recognized by 
these authors, are made These axe (1) a steady 
state, m which the amount of compound present m 
the tissue studied must be constant durmg the 
mterval over which the observations axe made, 

(2) the rate of synthesis and degradation of the 
compound must be constant durmg the experiment , 

(3) the appearance and disappearance of all mole 
cules must proceed at random, i e the specific 
activity of piortions of the compoimd breakmg down 
(or leavmg the tissues) is equal to the specific 
activity of the total amount of the compound 
present m that tissue In addition to these, a fourth 
assumption is mv olved m the present mvestigation 
of the components obtamed by fractionation Smee 
they are not simple compounds, it must be shown 
that their properties are reproducible from experi- 
ment to experiment The results m Table 1 show 
that, as far as chemical composition is concerned, 
this assumption may be justified 

As fully matured rabbits of 2 3-2 8 kg body 
weight were chosen, the first and second assumptions 
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are juBfcified In the present investigation, the third 
assumption is perhaps not justified, ns there is no 
evidence that the pho^horus of the phosphohpin 
molecules distributed throughout n small or Inrgo 
granule is of uniform specific activity at any moment 
If the latter assumption is made hov over, the curv'cs 
m Fig 3 mdicate that phosphohpin sjuithesis (or at 
least the step mvolvmg the mcorporation of phos 
phorus mto the phosphohpm molecule) maj' take 
place m at least tliree sites m the hvor cj^oplnsm 

It -mil be noticed from the curves in Fig 3, hou - 
ever, that the large granule phosphohpins appear to 
he the precursor of the plasma phosphohpins The 
criteria of Zdversmit et al (1943) can only bo applied 
m this case if it is known that the plasma phospho 
hpins are entirely derived from the hv'or, i o that no 
phosphohpm enters the plasma from anj other source 
to alter significantly the specific activntj' of the total 
plasma phosphohpins As previously mentioned, tho 
work of Fishier cf al (1943) and Entcnmnn ct al 
(1946) has demonstrated that hv'er is tho principal 
tissue m the body concerned with tho production and 
removal of plasma phosphohpins IMore rccentlj, 
Artom A Swanson (1948) have shown that phospho- 
hpins may reach tho plasma from tho uitcstmo, 
though it appears that they do so only m V'orj' small 
amounts If the assumption is made that tho h\ er 
IS the sole source of plasma phosphohpins, then tho 
curves m Fig 3 mdicate that plasma phospliolipms 
are derived only from tho large granule fraction On 
the basis of this assumption, it con bo calculated 
from the distnbution figures provnousH presented 
that, under the conditions of these e-qiorimonts, only 
26-30 % of the total phosphohpm formed in the In or 
is transferred to tho plasma Jlost of tho phospho- 
hpins formed m the hvor remam inside tho coll, and 
presumably are used m the normal metabolism of 
the cell 

It has been suggested by Claude (1943) that tho 
large granule fraction and tho nucrosomo or small 
granule fraction have a common origm, or that one 
type of granule may contribute to tho constitution 
of tho other Claude quotes observations vvliioh 
appear to support the latter possibility Wliilo tho 
results of the present mvestigation do not directly 


1949 

confirm or deny these possibilities, it is sigmficant 
that, ns far ns their phosphohpm components are 
concerned, tho metabolism of tho two fractions is 
different, and it is therefore unlikely that one fraction 
IS derived from tho other 

STOHLARY 

1 A modification of tho method of Hogoboom 
ct al (1948) for tho fractionation of liver cjdoplnsm 
bv differential centrifugation has Ixion used for the 
preparation of three fractions, largo granules, small 
granules (microsomos) and supernatant, from rabbit 
hvor cj-toplnsm Tho method of Jlirskv A Pollister 
(1946) has been used to prepare rabbit liver nuclei 

2 Tho microsomo and largo granule fractions 
from Iweho rabbit livers have been nnalj’sed for 
total hpid, phosphohpm, protein and nucleic acid 
content Total hpid, protein and nucleic acid accoimt 
for 94 % of tho largo granules and 96 6 % of tho small 
granules Tho total hpid (including phosphohpm) 
content coustitiites tho mam chemical difference 
between tho two fractions, tho largo granules con 
tammg 29 & % and tho microsomos 43 4% 

3 ApprOMmatch 26 4 % of tho hv er cj^toplasmic 
phospliolipms was m tho largo granules, 64 6 % m 
tho small granules, and 9 % m tho supernatant 

4 Tiio metabolism of tho phosphohpm phos 
phonLs of tho ej toplnsmic fractions and the nucleus 
has boon studied with tho aid of radionctiv 0 phos 
phorus (^-P) It IS shown that at anj tmio after tho 
mjoction of radionctiv 0 phosphate mto rabbits there 
exist in tho hv or c\doplnsm at least throe phospho 
lipm fractions wuth difforont specific activnties Tho 
origmnl observation of Hovesj (1945), that tho mto 
of renew al of phosphohpm phosphorus m tho hv er 
nueloi IS slower than m tho cjtoplasm, has been 
confirmed 

6 Tho results suggest that phospliolipms are 
bomg sjmthcsizcd soparntolv and motahohzed mde 
pondontlj of each other in different morphologcal 
structures of tho hvw coll 

I wTflh to thank Dr A. S MoFarlnno for his stimulating 
interest in this work and for valuable discussions durmg its 
progress I am indebted to Dr G PopjAL for carrying out all 
tho opomtive procedures 
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Isolation of L-Threomne from Proteins 


By D F ELLIOTT, National Institute for Medical Research, London, NWS 


{Received 13 April 1949) 


L Tlireonme was first isolated firom fibrin by McCoy, 
Meyer & Rose (1936), after a senes of careM 
investigations extending over a number of years 
It was aliown to be an essential growth factor for rats 
In spite of the obvious biological importance of 
tlireonme, its metabolism m animals has not been 
studied by the modem isotope teohmques which 
have yielded such valuable results m the ammo acid 
field This IS probably due to the difficulties mvolved 
m its isolation m a pure state McCoy et al (1936) 


perties of the hydroxyammo acids which have been 
briefly descnbed previously (EUiott, 1948) and are 
now discussed m detail 

Separation of senne and threonine from protein 
hydrolysates by oxazoline derivatives 

It has been shown by EUiott (1948, 1949) that 
senne and threomne can be converted mto cychc 
oxazohne denvatives by reaction of the ester hydro 
chlonde with benzmunoethyl ether m the cold Under 


CM OH 

ilH NH, HCl 

La 


EtO 

+ \ C,Hs 


CBJt—O 

oa: — 


+ NH^a 


coA 


worked on a very large scale and obtained only 
a rmnute yield of pure substance Subsequently, 
Woolley A Peterson (1937) isolated threomne from 
an autolysate of the mycelium of Asperytllus aydowi 
usmg a different procedure The yield of threomne 
was considerably higher, but m tlus case also the 
work was carried out on a large quantity of startmg 
material Sharp (1939) isolated a sample of threomne 
from rabbit myosm by fractional distiUation of the 
eaters of the ‘monoamino acid fraction’, but oxida 
tion with penodate revealed that the preparation 
was not pure (Martm <5- Synge, 1941) The latter 
authors were able to isolate a hydroxyammo acid 
fraction from wool hydrolysate by their acetylation- 
benzoylation procedure Pure senne was isolated 
from this fraction m fairly good yield, but the 
isolation of tlireonme was not attempted Freuden- 
berg, Walch Molter (1942) isolated threomne from 
human blood group A substance This pubhcation 
has been seen only m abstract form without details 
For adequate isotope analyses and determinations 
of puntj about 26 mg of pure tlireonme would be 
required Owmg to the small amount of threomne 
genoralh present, at least 0 6 g of protem would bo 
rcqmrcd to obtam the abore quantity Smee the 
subst-nneo sought was a mmor constituent of a com 
plox mixture considerable loss seemed inovitablo, 
to allow for this expenments were conducted mth 
0 g of protem Some large scale expenments were 
also earned out The method of isolation which has 
been worked out makes uso of certam no\-el pro 


these conditions ammo acid esters lacking the 
p hydroxyl group also react to give N substituted 
unmo ethers (Comforth & Comforth, 1947) 

C.H. C(OEt) NH + HCl NH, CM COjEt 

-V C.Hj C(OEt) N CM COjEt+NH^a 

When this reaction was apphed to the mixture of 
ester hydrochlorides resultmg from the esterification 
of a protem hydrolysate a complex mixture resulted , 
this contamed the oxazohnes denved from senne 
and threomne and the substituted immo ethers from 
the remammg ammo acids 

In this work both ethyl and isopropyl alcohols 
have been used for estenfymg the protem hydroly- 
sates Synthetic studies (Elhott, 1949) have shown 
that the wopropyl esters give somewhat higher yields 
m the reaction -with benzrmmoethyl ether 

By means of a rough fractional distillation at low 
pressure considerable ennehment of the oxazohne 
fi:aotion was effected without loss, the mam con- 
tammants bemg the unmo ethers denved from 
glycme, alanme and vahne In contrast to ammo 
acid esters, both classes of denvatives obtamed by 
the reaction with benzunmoethyl ether are qmte 
stable to distillation and can be kept m closed vessels 
forBe\ eral weeks vathoutappreciabledecomposition 
At an early stage m the mi estigation it was realized 
that the separation of the oxazolmes m a state of 
punty by fractional distillation would be impossible 
except m a fi^ctionatmg column with a high 
theoretical plate number Alternative methods of 
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punOcation ^voro flought It ns Bho^^•n by Abrnlmm, ns mndo nlknbno to phonolpbthnlom tlio bonzoyl 
Bnker, Chnin, Comfortb, Comforth iL Kobinson group moved mstnntnneously on to tho nitrogen 
(1045) tbnt a substituted imino other of tho tjTio atom A mixture of bonzoylsormonndbonzojltlireo 
formulated above nas hjdro/jscd by alkali to the nine free from impurities uns then obtamed by a 
corresponding ncvlamino acid second acidificntion nnd soKcnt extraction Tho 


CjU„ C(OMo) N CH, CO.bt 

— C,ir„ CO NH CHj COjH 

Some preliminnrv experiments \\ ith the compound 
C0H5 C(OEt) N CHj CO.Et, obtained from glvcino 
ethyl ester hj drochlorido nnd bcnzimmootln 1 ether, 
showed that tho nbo^o hjdroljsia wns almost 
quantitatno under suitable conditions Although 
oxnzohncs enn nlso bo considered ns substituted 
imino others it wns expected thnt thej' would bo 
more stable to alkali b^ \ irtiio of tho cj clic sj-stem 
btudics with a\-nthotic coinpoimds showed thnt thus 
w ns tho enso , w hen tho oxazohnes dcn\ cd from aorino 
or DirooJiino iiaro boiler] mth diliito nqiicotii nlknh 
tho rmg system remained intact and onh tho 
cnrbcthoxj 1 group w ns In drol> sed This alkali trent- 
mont, when applied to tho oxnrohno fraction from 
a protein hydroljsnto, wns expected to produce in 
solution tho sodium salts of tho oxn/ohno cnrboxj he 
acids, together mtli tho sodium salts of hippunc 
acid, bonzoylnlamno, etc This wns tho enso onlv 
when hydroljsiB wns earned out ns rnpidU ns 
possible usmg rolatn oly strong aqueous otlmnohc 
nlknh, milder conditions of hjdroljsis led to almost 
complete destruction of tho threonine Tho renson 
for this IS not clear, but it is probable thnt under 
nlknlme conchtions tho esters condense with ono 
another, tho process being immcdiatolj' nrrested 
once tho cnrlxithox-j I groups lin%o been lt}droI}'scd 
After hydrolysis of tho oxnzolino fmet ion, tho solu 
t ion w ns ncidificd wsth hytlrochloric ncid to pH 1 This 
caused an immediate precipitation of an oily mixture 
of hippuric ncid, etc , but tho oxnzolino carboxjlic 
ncids romnmed in solution ns tiio hydrochlorides 


nbo\ 0 senes of transformations can bo enmed out 
quito cnsil\ in a few hours Tiio remnmmg problem 
wns tho separation of sorino from threomne, but 
before disoiissing this it is neccssarj' to consider tho 
stcrcochomicnl aspects of this problem 

Separation of l bcnzoylthrcomnc from 
DL bcnzoylscrinc 

As a result of oxporimonts, which w ill bo described 
later, con\ mcmg proof has been found that benz- 
iminoothj’l other reacts wnth sormo nnd tlirconino 
ester hj drochlorides to produce oxnzolmes with 
complete retention of configuration at tho a (and 
m the enso of tbreomno nlso at tho ^ ) carbon atom 
It has been shown (Elliott, 1048, 1949) that oxazo 
lines of tho typo under discussion most probnbK 
possess an ncti\o a Indrogcn which is mobilized bj 
tho action of hot alkali Tlio disco\ orj thnt tho serme, 
isolated from tho serme throonmo mixture ns de 
scribed below , w ns complotch rncomizod wns there 
foro m accordance svith expectations Tho configura- 
tionof tho throonmo dori\ ati\ o,howo\ or, nppearcdto 
bo completely prcsor\cd Tho reason for this becomes 
obMous when tho follownng facts are considered 
Rncomizntion at tho a carbon atom m tho throonmo 
dorn ati\ 0 w ould produco not tho dl oxnzolmo, but 
a mixture of oxnzolmes dcri\ od from L threonme 
nnd D-okothreonmo These can bo assigned trails nnd 
CIS structures rospocti\ olj , on tho basis of tho con 
figurational relationship between l tliroomno and 
D throosocstnblishedbyjroveriL Rose (1936) These 
two forms must bo m oquihbrium m highly alkaline 

COjEt CO.Et 


Synthetic studies had established that tho oxn/ohno 
ring wns rapidly opened at pH 1 to gno tho 
corrcsponduig 0 bonzoyl donvntuo (Elhott, 1949) 


CHit— 0 

'^C C,Hj ncid 

CH ^ 

io.H 

nlknh CHJt— OH 

^ in— NH CO C.Hs 

io.H 


CHk— 0 CO C,Hj 
in— NH, 

io.H 


The acidified solution doscribed above wns then 
thorouglily extracted wnth ethyl acetate nnd tho 
organic extract rejected The aqueous layer con 
tamed only tho O bonzoyl derivatives of sermo nnd 
threonme as their hydrochlorides , when this solution 



Irons CIS 


solution, because of the mobile a hy'drogen atom, 
but it has boon sho^vn (Elhott, 1948, 1949) that the 
eqmhbrium favours the trans form to such an extent 
that the cts form cannot be isolated 

The separation of dl benzoydserme &om l ben 
zoylthreonme was carried out m two ways In the 
first method tho mixture of benzoyl compoimds was 
hydrolysed nnd the ammo acids separated from ono 
another by partition chromatography on n column 
of potato starch The use of potato starch m partition 
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chromatographywas first described by Synge (1944) 
Althougbdevelopment of the ohromatogramreqmred 
several days, very satisfactory results were obtained 
on a small scale Larger quantities of material "were 
more easily bandied by countercurrent distribution 
after a preliminary step m ■which most of the 
benzoylsenne was removed as the sparmgly soluble 
P phenylethylamme salt In contrast 'to iiL-ben 
zoylthreonme, which also forms a spanngly soluble 
P phenylethylamme salt (Carter & Risser, 1941), 

L benzoylthreomne forms a very soluble salt which 
IS not crystalhne When a high yield of pure material 
IS desirable m the separation of two substances it is 
ad'vantageouB to use the prmciple derived by Bush 
&Densen (1948) mwhich V JVy=^{l/KaS.i),vrheTe 
F, and F, are the volumes of solvent used m each 
equihbration, andila , K,, are thepartition coefficients 
of the two substances ■to be separated It is also 
advantageous to carry the procedure through a 
‘diagonal stage’ (see Bush & Denson, 1948, p 123) 
The distribution curves of the two substances are 
then mir ror unages of each other and, pro^viding 
KJKj, IS sufficiently large, the major part of one 
solute will accumulate m one solvent, while the 
second solute ■will accumulate m the other solvent 
The upper and lower layers can then be separately 
pooled and the pure components isolated from them 
In imtial experiments ether and water ■were found 
to give the largest ratio KJK,, Tlie ratio of solvents 
to be used m each equilibration was then calculated 
by applymg the above formula as foUo-ws (ben 
zoyltlireonme) = 0 218, Kt, (benzoylsenne) = 0 100, 
Fj= volume of ether, F,=: volume of water, 
VJV^ = ^(l/0 0218)= 1/0 148 Letp„=the fraction 
of benzoylthreomne which remams m the upper 
phase at each equihbration Then 

pI=ii:JV(ir’F,+F,) = 0 218/(0 218 + 0 148) 
= 0 60 

In the paper by Bush & Densen (1948), already 
referred to, a senes of curves are given from wluch the 
fraction of solute m the pooled upper or lower layers 
con be foimd for all values of p and values of n 
(number of eqiuhbrations) up to 100 Reference to 
these cuncs sho'ued that a tweUe funnel process 
should jnold 80 % of the origmal amount of ben 
zoj Ithrconino from the pooled ether la> ers If the 
bulk of the benzoj Isenno were removed previously 
ns the p phenj lothj Inrmne salt this benzoyl threo 
nine should bo more than 80 % pme It was found 
that rccn'stnlhzation from water remoied the 
remnuung impunties, but losses were considerable 
The advantage m usmg buffer solutions, parti 
culnrlv concentrated ones, m countercurrent dis 
tnbution methods has been pomted out bj Craig, 
Golumbic, "Mighton X Titus (1945) After a senes of 
cviioruncnts it was found that cthvl acetate and 
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a 2M;-phoaphate citrate buffer at pH 3 6 gave the 
considerably mcreased value of 2 9 for KJK^ In 
this case, by calculation as above, a ton funnel 
process should raise the punty of the benzoylthreo- 
nme to 96 % , and by repetition of this process on the 
purified ihatenal the punty of the benzoylthreomne 
should be raised almost to 100 % with a loss of only 
20% Citno acid is not completely insoluble m 
ethyl acetate, and it waa found ■preferable to remove 
this by a thud coimtercurrent distribution of the 
benzoylthreonme between ethyl acetate and water 
In this case KJK,, {K^ = K for citnc acid) was very 
high (39 5), so that the removal of citnc acid was 
a simple matter In practice it was found that the 
degree of purification was somewhat less than that 
calculated and the final product had a punty of 
96 3 % This figure was obtamed by penodate 
analysis of the l threomne resulting from acid 
hydrolysis of the benzoyl derivative The ammo- 
acid had the correct specific rotation, but this did 
not exclude the possibfiity that a very small amount 
of D-offothreomne was present 

Fortunately, for the purpose for which this 
method was worked out, the optical punty of the 
threomne was of no consequence, it was necessary 
only to ensure that the product was free from other 
ammo acids, particularly senne Although the avrad- 
able evudence suggests that the threonine isolated 
was optically pure, this must await confirmation by 
a more sensitive method 

Isolation of senne from the oxazohne 
fraction without racemization 

In order to prove that no racemization occurred 
when benzunmoethyl ether reacted with serme and 
threomne ester hydroclilondes it was necessary to 
isolate L serme from the oxazohne fraction by some 
method which avoided treatment with alkah at any 
stage It has already been stated that the oxazohne 
rmg m the compounds under discussion is readily 
opened m aqueous solution at pH 1 At pH 4, how- 
ever, no rmg opemng could be detected, at least for 
short periods of tune Model experiments -with the 
immo ether derived from glycme, on the other hand, 
showed that it was rapidly hydrolysed at pH 4 mto 
ethyl benzoate and glycme ester This is exactly 
analogous to the fission of the oxazohne ring to give 
the corresponding O benzoyl compound 

O.Hj C(OEt)=N CH, CO.Et 

— CjHj COjEt+NH, CHj COjEt 
Oxnzolmes, bemg weak bases, should bo extracted 
bj ether from a buffer at pH 4, whereas the strongly 

basic ammo acid esters should remamm the aqueous 
phase 

To test out these ideas experiments were con 
ducted on silk sencm, which contains a very high 
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proportion of liydroxj nmino ncidi (Nicolot <L Soidol, 
1041) This protom ^\n8 obtnmcd m solution, m 
parth degraded form, bj a vorj Bhort treatment of 
raw sillc njtli liot dilute acid, the fibroin being 
practicallj imanbcted Tiio ONn7oIino fraction from 
silk scricin i\ns Bliakon m itli an acetate buffer at pH 4 
for 3 hr , the insoluble oil extracted into other, the 
combined cxtmctso\ aporated and thorcBiduohj dro 
Ijsod Anah’sos bIiomccI that the In dro \j ammo 
acid nitrogen content of the solution, determined 
b} periodate ammonia estimation, as onh shghtlj 
loss than the ammo nitrogen indicating almost com 
plotc purificat ion of t ho In drow ammo acid fraction 
L Sermo nas isolated from the h\drol\'pato ns the 
p In drove azoticiveno p' sulplionic acid salt be the 
method of Stem, Moore, Stamm, Chou Hcrgmann 
(1042) and had the correct Bpccific rotation Un 
fortimatcle , this altematno method, eehich seemed 
promising for iJio i.solniion of tJireonino ns noil ns 
sermo, gaeo imaatisfactore results eeitli a casein 
he drole sate and cannot bo of general application 

EXPLRDIENTAL 

Methods of analysts Senno and tlirconino evoro deter 
mined be penodnto oxidation according to the method of 
Rees (1940) Penodate IsH, was determined be the method 
of Ann Slekc, Hiller JIacrndeca (19-11) The pamo 
apparatus eras used for both these determinations Ammo 
H detcmiinntions eecro earned out in the Van Sljkc gnso 
mctncmicro appamtua Partition cootricicntsevcre measured 
be equilibrating the aiibstanco lielerccn equal e olumes of the 
teeo Bolecnts and determining tiie amount m each Injcr by 
titration, or by Kjcldahl determinations evhen buffcrsolutionB 
n ere used 

Hydrolysis of the proteins A good brand of commercial 
casein eens used for most erponments A preparation of 
mixed rabbit-muscle proteins eens also used These evoro 
hedrobsed be refluxing 10-24 hr evitli G parts (ev/e) of 
0^ HCl and evoro filtered from acid msoliiblo liumm A 
preparation of rnev silk, knoevn comniorcinlly ns ‘Turkish 
Knubbs’, eras stirred evith 20 parts (ev/v) of boding N HCl 
for a minute or so nntd the scncin had been romoeod This 
evas casdj judged bj microscopic examination of tho fibres 
Tho fibroin evas then squeezed out, stooped in distdlcd water 
and squeezed out again Tlio two solutions were combined 
Hj drolysis of tho protem evas accomphshod by orapomtmg 
tho solution at ordinary pressure nntd tho acid in tho dis 
tdlnto was about Ck Tho solution was then refluxed for 
4 hr Ammo N dotorminations roe calcd that hydrolysis was 
complete m this timo In this brand of raw sdk, tho soncin 
content, ns determined roughly by tho weight loss on acid 
treatment, was 16-20% 

Prdiminary treatment of the protein hydrolysates Sdk 
Boncm hydrolysate roqmrod no preliminary treatment 
Hydrolysates from about 6g ofcasomw ore dduted with 
about 6 parts of water, heated to 00° and a small amount 
of n concentrated solution of phosphotungstio acid stirred m 
This removed tho acid soluble humin ns a precipitate which 
Bottled rapidly Sufficient phosphotungstic acid was added 
to render the supernatant hqmd almost colourless, but with 
a comparatively pure protem such as casom it was not 
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neccssnrv to precipitate more than a small amount of the 
basic ammo acids AVlien crude proteins were used it was 
considered advisable to precipitate the basic ammo acids 
almost completelj, ns desenbed below jVftcr cooling, tho 
solution was filtered through a Ford Stonlmat FOB grade, 
extracted twice with a mixture of amyl alcohol 20 parts, 
ether 25 parts ethanol 1 part (see Cliibnall, Rocs i- Williams, 
1913) and evaporated to diyncss under reduced pressure 
On a larger scale it was preferable to remove ns much as 
poosible of the neutral, ncidie and basic ammo acids Tho 
follow mg IS an example of tho method used Tlic hj drolysato 
from 300 g of casein was cv aporated under reduced pressure 
to about 510 ml The solution was saturated with HCl at 0’ 
and allowed to stand 4 daj s at 0° To this solution was then 
nddwl, vuth stimng, 000 ml ethanol which had previously 
been cooled to about -30°, tho purpose of this coohng was 
to prevent a rise in tcmpcmtiirc above 0° when the ethanol 
and tho acid solution were mixed Tho glutamic acid hvdro 
chlonde was filtered through a sintered glass funnel and 
washed with 300 ml of ice cold ethanol A jneld of 07 g of 
tho hj drochlondo was obtained, repre'icnttnff about S0% of 
tho amount present m tho protein It should be emphasized 
here that quantitativ 0 remov nl of tho v nnous fractions was 
not nccessaiy The filtrate and washings from the glutamic 
acid were evaporated to drvncss under reduced pressure, 
redissolv cd in water and ev aporated ngam The residue was 
dissolved m 5 25 1 of s HCl the solution heated to boiling 
and phosphotungstic acid (020 g dissolved m 1 81 water) 
added fairlj mpidlj w ith stimng After standing at room 
tompemturo for fidajstho crjstallmcprccipitatewasfiltered 
at the pump stiired vnth 750 ml of 2 6% (w/v) phospho 
tungstic acid in n HCl, filtered again, washed with 376 ml 
of the sniiio solution on the funnel and Cnnllv sucked as drj 
as possible on tho pump Tho combmed filtrate and washmgs 
were saturated vnth other, extracted three times vnth the 
amyl alcohol ether ctlianol mixture using 2250 ml m all 
and then evaporated to dryness under reduced pressure 
This method of precipitating tho basic ammo acids is a 
simplification of the method of Chibnall et al (1943) Tho 
residue of ammo acid hj drochlondes was then dissolved m 
water (750 ml ), tho solution cooled and 6x NaOH added 
dropwiso vnth stimng, tho tcmpcratiiro bomg kept below 
16°, until tho pH of tho solution w as about C Crystallization 
began almost immediately, and after keopmg ovormght at 
0° tho crop was filtered and washed vnth a small quantity 
of saturated NaCl solution Tho combmed filtrates were 
ovapomted to obtam a second crop, and so on until the crop 
of solid consisted almost entirely of NaCl This procedure 
Borved to remove most of tho louomo and tyrosmo and pro 
bably some phcnjlalanino and methionmo The solution was 
then stronglj acidified vnth cone HCl and evaporated to 
dryness under diminished pressure This was best earned out 
innlargoflaskbocauBoof bumping The residuowas extraoted 
thoroughly vnth boding ethanol, tho NaCl filtered and 
thorougldj washed vnth boihng ethanol Tho ethanoho 
extract was then evaporated to dryness under reduced 
pressiiro Analyses showed that about 20% of the ihreomne 
was lost during tho abov 0 operations 

Estcnficalion of the protein hydrolysates 

{a) Ethyl esters Tho syrupy residue of ammo acid hydro 
ohlondoB was finally dried by evaporation twice under 
reduced pressure with dry ethanol The amount of ethanol 
used for eatenfi cation was not ontioal and 5—20 ports (based 
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on the weight of protein) were used, the amount dependmg 
on the scale On the Bmall scale it was more convenient to 
use dilute solutions A rapid stream of dry HCl was passed 
through a dry ethanohc solution of the ammo acid hydro 
chlondes imW the solution hoiled. It was then cooled and 
resaturated with HQ After standing overnight the solution 
wa8evaporatedtodr3mesBnnder reduced pressure Toensure 
complete esterification the process was repeated, but this 
may not have been necessary 

(6) iBoPropyl esters The residue of ammo acid hydro 
chlondes was dned as before by evaporating with ethanol 
and than evaporated once with isopropanol The residue was 
suspended in 10-20 parts of dry isopropanol and a rapid 
strwm of dry HQ passed in until the solution boded. 
A steady stream of dry HQ was then passed through the 
solution for 1 hr and boilmg was mamtamed by apphcation 
of heat at such a rate that about one third of the alcohol was 
aUowfid to escape through a 16 m air condenser fitted to the 
flask. After about 30 min fresh isopropanol was added to 
compensate for the loss through the condenser The hydro 
chlondes slowly dissolved The solution was then evaporated 
to dryness under reduced pressure In the case of both 
(o) and (6) the esters were finally dned m a vacuum desiccator 
over NaOH and H1SO4 

Preparation of benziminoeihyl ether Dry HQ was passed 
into diy ethanol (48 g ) at 0° until 36 6 g had been absorbed. 
The solution was then added fairly rapidly to freshly distilled 
benzomtnle (103 g ) which had also been cooled to 0° The 
mixture was allowed to stand 4 days at 0° with careful 
oiolusion of moisture The aohd mass of imino ether hydro 
chlonde was broken up under dry ether, filtered and washed 
thoroughly with dry ether A small amount of hydrochlonde 
separated from the ether washings on standmg at 0" The 
total yield was 141 g (76%), mp 132-134° (decomp ) The 
hydrochlonde (173 g ) was added to a sludge of KjCO, 
(129 g ), and water (90 ml ) which was covered with a layer 
ofether and cooled to -6° After thorough shakmg the ether 
layer was decanted and the sludge washed twice more with 
fresh ether The combmed extracts were dned over anhy 
drous NojSOj, evaporated and the residue distilled It had 
bp 112°/22mm Yield 124 g (89%) The product was 
stable for considerable penods of tune if kept m a sealed 
vessel 

Bcaction of the ester hydrochlorides with 
benziminoethyl ether 

The ester hydrochlonde mixture from 6 g of protem was 
dissolved m 3 ml of water, and the solution adjusted to 
pH 3—4 by addition of a drop or two of cone NHtOH 
A solution of benTiminoethyl other (10 g ) m ether (30 ml ) 
was then added and the mixture thoroughl3 shaken for 
10-24 hr Gnffin and Tatlock’s ‘Microid’ flask shaker was 
found to bo very suitable for thu purpose The shakmg was 
gencmllv enmed out m 250 ml corneal flasks On a larger 
Bcnlo it was prefcrablo to divide the ester hydrochlonde 
mixture into scicral portions, each not greater than about 
10 g The shaker held four flasks at a time At the end of the 
shaking sufficient water was added to dissolve the XH,Q 
u hich had crvstalliicd out , the upper la ver was separated and 
u-nslied soi oral times with fresh portions of water It was 
often nccessan to filter the reaction mixture after addition 
of uater to remove amorphous material which prevented 
a clean separation of the lavcre The ethereal laver was then 
dned oa cr nnha drous AniSO,, the ether evaporated and the 
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residue distilled, first at about 20 mm to remove excess of 
benziminoethyl ether and finally at 0 01 mm , the fraction 
of bp 90-136°/0 01 mm bemg collected This is termed the 
oxazohne fraction. Penodate analysis showed that it con 
tamed about 80% of the threonine ongmaUy present m the 
protem hydrolysate before esterification 

Hydrolysis of the oxazohne fraction isolation of a 
mixture of benzoylsenne and bemoylthreomne 

The oxazohne fraction was refluxed for 30 mm with 
8 parts (w/v) of aqueous ethanoho N NaOH, prepared by 
mixing equal parts of 2 n NaOH and ethanoL The solution 
was then cooled, diluted with about half ite volume of water 
and the ethanol removed nnder reduced pressure The 
solution was acidified to pH 1 with Bn HQ and allowed to 
stand 4 hr at room temperature A pale yellow oil separated 
The solution was then extracted six tunes With about an 
equal volume each tune of ethyl acetate, and the extracts 
rejected To the aqueous solution, 6s NaOHwaa added until 
alkahne to phenolphthalem The solution was then made 
weakly acid, evaporated to a small bulk andamdified (blue to 
Congo paper) with cone HCL The benzoyl derivatives were 
obtamed fixim the solntion by six extractions with ethyl 
acetate The orgamo extracts were combmed and evaporated 
to dryness under reduced pressure The yield of mixed 
benzoyl derivatives was about 0 36 g £rom 6 g of protem, 
a jneld of approximately 36 % (assuming a tbreonme content 
of 4% and a senne content of 6%) On a larger scale the 
yield was about 30%, for example, 1184g of mixed 
benzoyl denvatives were obtamed from 200 g of casern 

Isolation of pure l threonine and r>lt senne 
(a) Using a starch column 

About 300 mg of the mixture of benzoyl denvataves were 
refluxed 4 hr with Ss HBr (2 ml ) and evaporated to dry 
ness under reduced pressure The residue was redissolved m 
water (20 mL), extracted with ether to remove benzoic acid 
and the aqueous solution evaporated agam to dryness The 
residue was dissolved m 95 % ethanol (2 ml ) and a slight 
excess of cone. NH4OH added to the hot solution After 
standmg overmght the ammo acid was collected and washed 
with ethanoL The yield from 6 g of protem was about 80 mg 
It was recrystalhzed from a minimum of aqueous ethanol to 
remove traces of NHjBr 

Synge (1944) used nniractionated potato starch in his 
experiments with n butanol as solvent In the experiments 
about to be desenbed phenol saturated with water was used as 
the solvent It was found necessary to remove small particles 
from the starch by sedimentation m water nntd the grannies, 
whenViewcd under the microscope, appeared to be of approxi- 
mately equal size This represented only about 20 % of the 
ongmalamount of starch The dned product was then washed 
several times by stimng with aqueous phenol and separating 
the hquid by centrifugation It was then allowed to soak in 
aqueous phenol for several days The starch was finally 
mode mto a ehromatognim 25 cm long and 1 I cm m 
diameter The experiment was earned out m a room with the 
temperature controlled to about 70° F The column was 
washed by allowmg aqueous phenol to percolate through it 
for 4 dai s 

About 60 mg of the senne threomne mixture dissohed 
m aqueous phenol, were added to the column, and when 
the solution had run through the column was developed 
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with aqueous phenol The progress of the separation was 
followed by lunhydrm tests on a few drops of eflBuent 
Threonine appeared m the effluent after 2-6 days and came 
through in a relatively email amount of solvent (12 ml , flow 
rate of colnnin about 1 ml. /hr ) When the ninhydrm reaction 
became blank or very weak the receiver was changed and 
washmg contmned to recover the senne The ammo acid 
was isolated from the phenol solution by addmg it to an equal 
bulk of water and extracting the phenol twice with several 
volumes of ether The aqueous solution was then evaporated 
to dryness and the residue crystallized from 80 % ethanol 
It was found that 100 mg of ammo acid mixture could be 
used on a column 26 x 1 8 cm The yield of L-threonme from 
6 g of protem was 40-46 mg , representmg about 20 % of 
the amount present m the hydrolysate Samples of ammo 
acid isolated m this way were found to be 98-100% pure 
threomne by penodate analysis No other ammo acid could 
be detected by paper chromatography DL-Serme isolated 
from the column was also pure 

{b} Using cozmtcrcurront dtstnbutzon 

Most of the benzoylserme was first removed from the 
mixture of benzoyl derivatives by disaolvmg 4 g m ethanol 
(10 ml ) and diy ether (30 ml ), and addmg freshly distilled 
^ phenylethylamine (2 37 ml ) After standmg at 0° for 
2 days the crystaUme Dirienzoyhenne ^ phenytethylamine 
salt (2 27 g ) was collected The filtrate from the salt was 
evaporated to dryness under reduced pressure, the residue 
was dissolved m a small quantity of water and the solution 
acidified to Congo red. The solution was extracted six tunes 
with ethyl acetate and the combmed extracts evaporated 
to diyness under reduced pressure to recover the crude 
benzoylthreonme 

Isolation, of Dh-bmsoylsenne The § phenylethylamme salt 
was rocrystaUized several tunes from ethanol and then had 
m p 161-162° (Found N, 8 7 Ci,H„0«N, requires N, 
8 6% ) It gave no depression mmeltmgpomt on admixture 
with a synthetic sample of the salt dl- B enzoylserme was 
obtamed m good yield from the salt by disaolvmg it m hot 
water and acidifymg the solution (congo red paper) The 
acid crystaUized on coolmg and had m p 160-107° (Found 
N, 6 6 CjoHjjOiN requires N, 6 7%) A 6% solution m 
ethanol was withoutefiectonpolanzedhght About7g of the 
P phenylethylamme salt were obtamed from 200 g of casern 

Isolation of l threonine 

Method (i) Etherlwater system About 600 mg of the 
crude benzoylthreonme were submitted to a ‘ diagonal stage’ 
countercurrent distribution m twelve separating funnels 
usin g 60 ml of ether and 7 6 ml of water m each equihbra 
tion (Ao = 0 218, Aj =0 100) The pooled ether layers were 
then evaporated to dryness and the residue washed with 
hght petroleum (b p 00-80°) The sohd was recrystalhzed 
se\ eral times from a small quantity of hot water to 
give 160 mg of pure L benzoylthreonme, m p 143-144°, 
[a]” +26 8° m water (c , 0 7) (Found N, 6 2 Gale for 
CijHjjOjN N, 6 3 % ) A synthetic specimen of L benzoyl 
threomne, prepared by the method of West & Carter (1937), 
also had the same meltmg pomt and no depression m meltmg 
pomt was produced on mixmg the two samples West 
& Carter gave [a] ^ + 26 1 for then product, whereas the syn 
thetio sample prepared m this laboratoiy had [a]^ +27 4°, 
+ 26 0° m water (c, 0 7, 0 8) An additional amount of 
benzoylaerme was isolated from the pooled aqueous layers 
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as the p phenylethylamme salt Hydrolysis of the benzoyl 
threomne yielded pure l- threomne (found threomne 100 % 
by penodate analysis), which crystallized from 80 % ethanol 
m hexagonal plates, characteristic of the pure ammo acid 
(see McCoy ei al 1936, Woolley & Peterson, 1937) 

Method (n) Ethyl acelatelbuffer system Phosphate citrate 
buffer (2 m) was prepared by addmg sohd Na^HPO, to 

2 M citno acid until pH 3 6 (glass electrode) was reached The 
mixture was then diluted with sufficient water to make the 
solution 2 m with respect to phosphate plus citrate About4g 
of crude benzoylthreonme were submitted to a 10 funnel 
‘diagonal stage’ countercurrent distnbution between ethyl 
acetate and the buffer, usmg 200 mL of the orgamo solvent 
and 164 mk of the buffer for each eqmhbration (Ao = l 39 
Kj,=Q 48) Except for the contents of the first funnel, m 
which most of the coloured impunties and some benzoic 
ncid were found, the ethyl acetate layers were pooled, 
evaporated and the residue submitted to a second 
distribution as before Citnc acid was removed from the 
final product by a 4 funnel process using 200 ml of ethyl 
acetate and SO ml of water for each eqnihbration The 
purified benzoylthreonme was crystallized once firom ethyl 
acetate givmg a product m p 137-141°, which was hydro 
lysed with HBr to give L-threomne The yield from 200 g 
ofcasem was about 1 3g (16 6 %ofthe amount present m the 
casern) The ammo acid was recrystalhzed once firom aqueous 
ethanol to give about 0 9 g of anuno acid, [a] 5,° = -27 8° 
m water (c, 6 0), punty by penodate analysis 96 3% 
Another experiment, m which the benzoylthreonme was 
crystallized once firom ethyl acetate before the second ethyl 
acetate buffer distnbution, gave a sample of ammo acid with 
[a]” -28 2° m water (c, 2 0), punty by penodate analysis 
98 3% West A Carter (1937) gave [a] 2'’ -28 3° for their 
synthetic sample , McCoy etal (1936) found that the ro tations 
ofvanous isolated specunensvaned from -27 6 to -28 2° 

Isolation of L-senne from silk senom by an 
alternative method 

A hydrolysate of sdk sencm prepared from 60 g of raw 
Bdk was estmified with tsopropanol and the oxazolme fraction 
obtamed m the usual way The yield was 11 8 g The mam 
bulk (10 8 g ) of this firaction was shaken 3 hr with 110 ml 
of an acetate buffer prepared by adding sohd sodium acetate 
to 20% acetic acid untd pH 4 was reached (glass electrode) 
The oil which remamed was extracted mto ether and the 
extract thoroughly washed with water andNaHCO, solution 
After evaporation of the ether the od was refluxed 4 hr with 
6 n H 5SO4 (60 ml ), the solution was then extracted with 
ether to remove benzoic acid, diluted several times and the 
sulphate 10ns removed with Ba(OH). m the usual way 
Experiments on a small scale had revealed that the hydroxy 
ammo acid N content of the solution as found by penodate 
NHj estunations was only 8 % lower than the total ammo N 
determmed by nitrous acid The filtrate and washmgs from 
the BaS04 were combmed, evaporated to 60 ml and p hy 
droxyozobenzene p' sulphomc acid (4 g ) added to the hot 
solution On cooling the senne salt separated m the form of 
orange plates It was reciystaUized fixim hot water givmg 

3 2 g of pure salt On decomposition of the salt by the 
method of Stem el dl (1942) 0 7 g of pure n sermo was 
obtamed This crystallized m heavy hexagonal prisms from 
aqueous ethanol It had — 7 16° m water (c, 3 0), and 
was found to be 100 % pure by penodate analysis 
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1 Reaction of an esterified protein hydrolysate 
mth benziimnoethyl ether gave anuxture of products 
containing the oxazohnes derived from senne and 
threonine, and substituted muno ethers derived from 
ammo acid esters lackmg the hydroxyl group in the 
P position 

2 C!omplete separation of the osozolines fr^m the 
substituted imino ethers was not attempted because 
of the close proximity of the various boiling points 
Alkahne hydrolysis of the oxazohne fraction, fol 
lowed by a series of pH changes on the resulting 
solution gave a mixture of dl benzoylserme and 
L benzoylthreomne free from other ammo acid de 
n\ ati\es The chemical and stereochemical changes 
m\ol\ed are discussed 


3 Sermo and threorune were separated from one 
another on asmall scale by partition cliromatography 
on a starch column and on a larger scale, as them 
benzoyl derivatives, by countercurrent distribution 

4 The yield of l threorune obtamed on a small 
scale was about 20% of the amount origmally 
present m the protem 

6 I, Serme was isolated from silk sericm by an 
alternative method which was found not to be of 
general apphcation 

I am uidobted to I)r T 0 Howitt of tho hritiah Cotton 
Industiy Kescarch Association for gonorous supphes of silk 
and for advice, and to Dr T S Work of this Institute for hia 
valnablo help and advice on tho nso of starch colu mns 
1 would also like to thank Mr D Hanson for expert oxpen 
mental assutanco 
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The Distribution of Ascorbic Acid m Developing Salmon 

{Salmo salar L ) 


Bx R J DANIEL, Department of Oceanography, UniversUy of Liverpool 
(Deceived 16 March 1949) 


Although attention has been focused upon physical 
and cheimcal changes that take place m the yo& and 
growmg tissues of the developmg sahnon (and trout) 
egg, there are practically no references to vitamm 
content of the egg dunng these changes The present 
in\ estigation was Imuted to assays of ascorbic acid 
m two early embryomc stages, and one later, larval, 
stage of development m the sahnon, and to its 
histological distribution No estimations were made 
of the amounts of dehydroascorbic acid that might 
be present 


METHOD 

The eggs were fertdiied on 1 December 1947, and kept jn 
mnmng water at the foUowmg temperatures 1-16 December 
1048, 9—11'’, average 0 0“ This covers the period for eample 1 
(9 December) and sample 2 (16 December) 1 December- 
9 Jlarch 1948, 7— 11°, average 9 0° This covers the period 
from fertilization to the date of sample 3 

Fifty eggs or larvae were taken for each sample The 
method followed was that worked out by Mapson (1943) 
Formaldehyde was used, as first recommended by Lugg 
(1942), to differentiate ascorbic acid from other substances 
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Tvluch nught interfere with subsequent titration by 2 0 di 
ohlorophenobndophenol Mapson (1943) studied the effects 
of pH, concentration of formaldehyde and time, m order 
to distmguiflb titration values for sulphur contammg sub 
stances, ascorbic acid and certam non specific substances 
(reductones) which occur m dehydrated food The full 
method was apphed to the present estimations, although it la 
not usual to find reductones m fresh tissue 
It IS difBcnlt to estimate ascorbic acid m different parts of 
the fertilized egg because of the semi hqmd nature of the 
yolk It can be done, m a limited manner, if the yolk is first 


1949 

RESULTS 

With the two earher samples the titrations showed 
no error duo to the presence of sulphur compounds 
or reductones, smee the values found by the method 
of Mapson (1943) were the same as those obtamedby 
direct titration of a sample of the metaphosphonc 
acid extract with the mdophenol reagent The 
amount of ascorbic acid thus found was small For 




Fig 1 Sagittal section through blastoderm cells, penblnst and yolk of salmon egg 8 days after fertilization 0 bjeotive I 
Fmal magnification, x 288 The black dots and masses are presumed to mdicate the distribution of ascorbic acid 

Fig 2 Sagittal section of salmon egg 14 days after fertilization, showmg position of blackened oil globules Obj ective AA. 
Fmal magnification, x9 4 BO, blastoderm cell, BL, blastoderm, O, oil globules, PB, periblast, B, nfts m yolk, 
7K, yolk 


hardened by some fixative which also preserves the ascorbic 
acid Consequently fifty eggs were taken, 19 days after 
fertilization, placed m a 4% (w/v) solution of HPOj m a 
closed vessel under N,, and kept on ice for several hours 
The blastoderm, together with the underlying periblast and 
a small amount of yolk, was then carefully removed from 
each egg bymeansof arazor blade and treated as one sample 
A second sample consisted of the rest of the yolk, yolk sac 
and the protoplasmic vitelhn membrane which hes between 
the outer membrane or ohonon and the yolk In order to 
handle these samples as qmckly as possible they were not 
weighed. 

For the histological demonstration of ascorbic acid m the 
stages exammed, eggs and larvae were immersed m a 10% 
(w/v) solution of AgNO, m 10% (w/v) acetic acid m total 
darkness (Barnett A Bourne, 19^) The AgNOj solution 
penetrates the egg envelope slowly, and the yolk is so 
resistant that it has to he left m the solution for several hours 
The tissue was subsequently fixed m before brmging 

to the light and emhedding m parafiBa wax for section outtmg 


the sample of 9 December it was 0 0106 mg /egg of 
average weight 163 3 mg , 1 e 140 1 u /lOO g For 
16 December, it was 0 0103 mg /egg of average 
weight 167 4 mg , 1 e 131 1 u /lOO g 

A different result, however, was obtamed from a 
later sample taken on 9 March, when the larvae had 
been hatched 60 days and the yolk almost completely 
absorbed After keepmg the metaphosphonc acid 
extract m the dark at 20° for 1 hr it was found that 
the titration value had fallen from 0 035 to 0 02 ml 
of 2 6 diohlorophenohndophenol (strength 0 1 ml 
eqmvalent to 0 04 mg of ascorbic acid) Accordmg 
to Mapson (1943) such a fall is due to the presence of 
a substance similar to dihydroxymaleic acid Further 
titrations at pH 0 6 gave the same result as that 
obtamed m the blank That is, no ascorbic acid was 
present, and the readmg 0 02 ml obtamed m the 
prehmmary stage was a measure of sulphur com- 
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pounds which had reacted to formaldehyde at the 
particular hydrogen ion concentration 

The method used, therefore, mdicated that in the 
two earher samples of fertihzed salmon eggs ascorbic 
acid was the only substance present capable of 
reducing 2 6 dicldorophenolmdophenol In the 
advanced larvae of 9 March, however, reduction 
was brought about by material other than ascorbic 
acid 

The assumption that some ascorbic acid would be 
retained m the tissue when eggs were fixed m a 4 % 
solution of metaphosphono acid, before cuttmg 
away the blastoderm, was found to be correct The 
metaphosphono acid extract and the two samples 
were estimated separately with the following results 

Extract 0 41 mg ascorbic acid from total wet 

weight of 7 432 g 

Blastoderm 0 123 mg ascorbic acid 

Yolk and yolk sac 0 123 mg ascorbic acid 

There was an equal residue of ascorbic acid m each 
sample but the yolk was the bulkier sample of the 
two The results show that ascorbic acid was m the 
yolk and the yolk sac as well as m the blastoderm 
and penblast, although the actual amounts are not 
mdicated 

Examination of histological material showed that 
m both the early samples there had been reaction to 
the silver mtrate solution m the multicellular 
blastoderm In prepared sections the majonty of 
the cells contam blackened deposits of silver, either 
few m number or clustered together, they occur m 
the cytoplasm It is not possible to connect them 
with yolk granules as appears to be the case m the 
chick (Barnett & Bourne, 1940-1 ) , such granules are 
leas obvious m blastoderm cells of the salmon There 
was blackening, also, m the underlying protoplasmic 
layer of penblast There were further deposits m the 
yolk immediate to the penblast where the texture is 
less homogeneous than m the central yolk (Fig 1) 

DISCUSSION 

It IS possible that substances m the tissue other than 
ascorbic acid reacted m a similar way to the 8d\er 
mtrate solution There is some agreement, however, 
between the general distnbution of ascorbic acid m 
the egg as demonstrated by^ the titration method 
used, and the distribution of blackened granules of 
metalbo silver m the prepared sections It is assumed, 
therefore, that some of tlie granules, at least, result 
from ascorbic acid in the tissues 

Since there are no granular depositions m the yolk, 
other than those adjacent to the blastoderm, it may 
be assumed that the presence of the granules con 
nected with activities of the blastoderm cells This 
part of the yolk would be mcluded m the estimation 
designated ‘blastoderm’ Barnett .JL Bourne (1940-1) 
Bioohcm 1949, 45 


report a like deposition m the chick, and a similar 
laying down of material m yolk adjacent to actively 
dividmg cells was found m the glycogen content of 
developmg sahnon (Darnel, 1940) 

Although it has been demonstrated, by titration, 
that ascorbic acid is also present m the rest of the 
yolk sac, it is difficult to form an opmion from histo 
logical preparations about its distnbution There is 
a general tendenoy for metallic silver to be precipi- 
tated wherever there are nfts or mterfaoes m the 
yolk, even m tissue that has been fixed for short 
penods (Fig 2) Incidentally, there are similar 
deposits m sections that were passed through water 
and ethanol before bemg immersed m silver mtrate 
solution They occur also m the late larval stage of 
9 March, although quantitative analysis mdicated 
that no ascorbic acid was present 

It 18 possible that masses of blackened matenal 
winch he m many oil vacuoles of the yolk may be 
connected with the presence of ascorbic acid, smoe 
the latter is not manifest m the surroundmg yolk 
itself Conditions under which a water soluble 
vitamm, such os ascorbic acid, could be alhed with 
od globules call for further exammation In the 
meantime, two possibihties are presented 

(1) AUradion of ascorbic acid to the oilghbuka This 
suggestion is prompted by an exjienment of Barnett 
& Fisher (1944) with 6 % gelatm, drops of ohve oil 
and ascorbic aoid to give a concentration of 
200 mg /1 00 ml The mixture was emulsified and 
pieces left m acidified silver mtrate for 10 mm 
Exammation under the microsoope showed that 
some of the oil globules hod a heavy precipitate of 
metalhc silver attached to the surface Tlie mvesti- 
gators claimed that this localization is a physico 
chemical phenomenon occurring after the precipi- 
tation Their figure, however, shows that the 
blackening is almost wholly confined to the surface 
of the od globules, and is different m kmd from that 
found under somewhat simdar conditions m yolk oil 
globules (Fig 2) 

(2) Affinity between cholesterol and ascorbic acid 
Becent work on the adrenal gland has suggested 
an affinity between cholesterol and ascorbic acid 
(Long, 1947) It has been put forward by Zwemer, 
Lowenstem & Pmes (1940) that the adrenal gland 
contains water soluble steroids which are associated 
with ascorbio acid Long states that approximately 
90 % of adrenal cholesterol is present m ester form 
Accordmg to M Scott (unpublished), only fine 
cholesterol is present m od obtained from yolk of 
demlopmg salmon larvae Conditions therefore 
would appear to be even more favourable for a 
hnkage with ascorbic acid 

Finally, there may have been reaction between the 
sdver mtrate solution and the ongmal od content of 
the vacuoles , m fact the amount of matenal mvolved 
suggests this to be the case Smears of highly 

28 
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unsaturated cod liver oil, which is free from ascorbic 
acid, shows an mtense black deposit after immersion 
m acidified sdver nitrate m the dark (although not 
in situ m the hver ), and to a limited extent tins is also 
true of oil removed from salmon yolk 

In the late larval stage of 9 March, the various 
organs are almost completely differentiated Al- 
though no ascorbic acid was found by estimation at 
tins stage, there appears to be some deposition of 
metallic salts m the tissue In section the issue is 
confused by the presence of black pigment, but there 
are certam discrete deposits near the vertebral 
column rmd m cells of the yolk sac 

SUMMABY 

1 It was found by the titnmetnc method of 
Mapson (1943) that ascorbic acid was present m early 


1949 

stages of developmg salmon (8 and 14 days after 
fertdization), but absent m a late lan^al stage m 
which most of the yolk had been absorbed It was 
contamed both m the blastoderm region and m the 
yolk and yolk-sac 

2 Sections obtamed from material fixed m 
acidified silver nitrate show that ascorbic acid may 
be present m blastoderm cells, m the underlying 
periblast and also m adjacent yolk In this respect 
the distribution is much the same as m early stages 
of cluck development as recorded by Barnett iL 
Bourne (1940-1) 

3 There are mtense deposits of metafile silver 
where od globules have been situated m the mam 
part of the yolk These may be due, m part, to 
ascorbic acid present m the yolk, although there is 
also evidence m favour of a reaction between the 
silver mtrate solution and the oil globules 
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Studies in Biochemical Adaptation. 

Effect of Diet on the Intestinal Phosphatase of the Rat 
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at Dunn Nutritional Laboratory, Umversity of Cambridge and Medical Research Council) 
Biochemical Laboratory, AddenbrooLe's Hospital, Cambridge, and King's College of Household 

and Social Science, University of London 

(Received 14 April 1949) 


Verzir & McDougaU (1936) suggested that the 
absorption of glucose and fructose is accompanied 
by phosphorylation by the mtestmal mucosa Part 
of the evidence upon which this theory wasBased was 
that lodoacetate decreases the rate of absorption of 
glucose, and this evidence has been criticized by 
several later writers (e g Khnghoffer, 1938) Agam, 
Verz&r sigiposed that an adrenal cortical hormone 
was responsible for the phosphorylation, and this has 
been criticized (Con & Con, 1941) Nevertheless, 
most workers accept the view that phosphorylation 
of glucose and fructose is an important stage m their 
absorption 

It has also been suggested that fats are phosphory 
lated before absorption (e g Smolair, 1929) Verz6r 
& MoDougaR (1936) claimed that this was controlled 


by the adrenal cortex, but, as with their theory of 
carbohydrate absorption, this view has smee been 
severely criticized Frazer (1948, see also Frazer, 
1946) has suggested that fat may be absorbed as the 
unchanged tnglycende, although this is not um 
versafiy accepted (Lundbaek & Maaloe, 1947) Most 
workers are agreed, however, that at least some 
phosphorylation of fat occurs dunng absorption 
(Schmidt Nielsen, 1946) 

It might be considered that diets with varjmg 
proportions of carbohydrate and fat might possiblj'' 
stimulate the small mtestme to produce varying 
amounts of phosphatase, smee it is known that the 
amounts of some digestive enzymes are affected bj 
variations m the degree to which they are called 
upon to carry out their work A study was therefore 
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made of the amount of mtestmal phosphatase m 
animals fed on diets contaming different amounts of 
carbohydrate and of fat 

EXPERniENTAL 

Piebald rats of the Hartwell strain were placed on one of four 
diets for 6—7 months from weaning The diets were constructed 
so as to contem varymg proportions of protem, carbohydrate 
and fat (Table 1) Each diet was fed to ten rats, five m^e and 
five female, each rat being housed m a separate cage 


SnCl, solution, the colour bemg measured in the Evelyn 
pbotoelootno oolonraoter after 10 mm at laboratory tern 
perature An ovaotly similar analysis, earned out upon a 
1 ml sample of the digest token immediately after addmg 
the oniymo preparation, gave the mitial morganio phosphate 
content of the digest The solutions of sodium ^ glycero 
phosphate, molybdate and SnClj were prepared as described 
by Bodnnsky (1932-3) ^ 

The activity of the enzyme is erpressed m ‘umts’ (mg P 
hberatod/g tissue/hr at pH 9 2 and 37°) No attempt was 
made to obtam possible activation of the enzyme by, for 
example, the addition of salts of Mg or Zn 


Table 1 Gomposttion of dtets 


Diet 

Casern 

(‘Light white’ 
Glaxo) 

(%) 

Sucrose 

(%) 

Lard 

(%) 

Basal 

16 

66 

16 

Fat-free 

IS 

70 

0 

High fat 

16 

0 

70 

High protem 

70 

16 

0 


In addition, each diet oontamed dned yeast (10%) and 
salt mixture (6%) Each animal was given ood liver od 
(6 drops twice weekly) 


PrtparaUon of xnieMiml extract Animals were killed by 
exsangmnation. The small mtestme was dissected out, as free 
as possible from adherent tissue, from pylorus to caecum 
The contents were removed by blowmg a gentle stream of 
sahne through the lumen Smee the activity of phosphatase 
decreases progressively from duodenum to caecum (Kay, 
1932, Folley 4; Kay, 1936), it was thought desirable to assay 
the enzyme separately m the proximal and distal portions of 
the mtestme The mtestme was therefore divided mto as 
nearly as possible equal proximal and distal lengths Each 
length was sht open, dried gently between filter paper and 
weighed. It was then ground with about twice its weight of 
washed sdver sand. Water saturated with CHCl, was added 
to a volume exactly ten tunes the original wet weight of the 
mtestme and the suspension kept for 24 hr at laboratory 
temperature with occasional shaking 

JHahmaixonofphotphaiaseacttvtty The alkahne phosphatase 
was assayed separately m the extracts from the proximal and 
distal parte of each mtestme The extracts, after standing 
for 24 hr , were further diluted with CHClj water so that they 
oontamed 1 g of wet tissue m 1000 ml for the proximal part 
of the mtestme and 1 g m 260 mb for the distal part These 
ddntions were found to give enzymio activities such that 
convemently measurable amounts of phosphate ions were 
hberated m the period of mouhation with the substrate 
The phosphatase digest was set up as follows 1 mL of the 
diluted extract was added to 10 ml of buffered sodium 
^ glycerophosphate (0 6 w/v), and the mixture mcuhated at 
37° for 1 hr Of this mixture, 1 ml was added to 4 ml of 
water, to this was added 6 ml of tnchloroacetio acid (12% 
w/v) and the whole well mixed It was not necessary to 
centrifuge or filter at this stage smee, owmg to the high 
ddution of the enzymic preparation, the amonnt of protem 
precipitated was so httle that no significant turbidity 
occurred 

Inorganic phosphate was estimated m the preparation by 
placmg 6 mk m a colonmeter tube addmg 4 mL of acid 
molybdate reagent and 1 ml of ficeshly prepared dilute 


BESULTS 

The naean weighta of the animals and of the whole of 
their gmnll intestmes are given m Table 2 The 
differences between the different groups of animals 

Table 2 Effect of diet on weight of rat and 
of small intestine 

Average wet wt 
Average wt of rats of small mtestme 


Diet (g ) (g ) 

Basal 187 6 46 

Pat-free 186 6 74 

High fat 168 6 46 

High protem 193 6 76 

Average, all groups 184 6 62 


are statistically not significant As was to be 
expected, the average weights of the female an i mals 
and of their small mtestmes were lower than those of 
the males Also, the average weights of the proximal 
portions of the intestmes were higher than those of 
the distal portions Table 3 shows these values for all 
groups combined 

Table 3 Weight of rats and of small intestine 
Comparison of male andfemale rats, and of proximal 
and distal portions of intestine 

Average wet wt of small 
mtestme (g ) 



Average wt 
of rats (g ) 

Whole 

Proximal 

portion 

Distal 

portion 

Male 

202 

740 

4 03 

3 37 

Female 

166 

583 

317 

2 66 

Average, all 

184 

6 62 

360 

3 02 


rats 

The values for phosphatase activities are given in 
Table 4 It seems reasonable to conclude that there 
IS the same amount of mtestmal phosphatase m the 
rats on the basal and fat free diets and also the same 
amount m the rata on the high fat and high protem 
diets On the other hand, there is more mtestmal 
phosphatase m rats on either of the latter two diets 
than m those on either of the former two diets For 
example, rats on the basal and fat-free diets had 
mtestmal phosphatase values of 52 and 68 umts/g , 
rats on the high fat and high protem diets had vmlues 
of 77 and 78 umts/g 

28 2 



440 


N R LAWBIE AOT) J YUDKIN 


1949 


Table 4 Phosphatase activity of small intestine of rats on different diets 
(Ten rats on each diet Results (niean±s e ) expressed as ‘units’, 1 e mg P hberated in 1 hr at pH 9 2 and 37° ) 

Diet 


Tissue 

Whole mtestme 
Proximal portion 
Distal portion 


Total umts 
Umts/g 

Total umts 
Umts/g 

Total umts 
Umts/g 


Basal 

(1) 330±46 6 

(6) 62±7 1 

(9) 271 ±40 7 

(18) 77±10 6 

(17) 68±7 8 

(21) 20 3±3 4 


Fat-free 

(2) 391 ±41 7 
(6) 68±4 8 

(10) 328±313 
(14) 87±0 0 

(18) 62 ±13 3 

(22) 20 3±3 9 


High fat 

(3) 489 ±39 3 

(7) 77±6 3 

(11) 376±33 0 
(16) 113±8 3 

(19) 114±10 8 

(23) 34 6±3 6 


High protem 

(4) 638 ±42 6 

(8) 78±6 4 

(12) 448±37 2 
(16) 119±10 9 

(20) 90±16 1 

(24) 29 0±3 7 


Significant differences {P< 0 06) exist between the foUowmg groups (1) and (3), (1) and (4), (2) and (4), (6) and (7), 
(6) and (8), (6) and (7), (6) and (8), (0) and (11), (9) and (12), (10) and (12), (18) and (16), (13) and (16), (14) and (15), (14) and 
(16), (17) and (19), (17) and (20), (18) and (19), (21) and (23), (22) and (23) 


DISCUSSION 

The chief difference between the basal and fat free 
diets on the one hand and the high fat and the high 
protem diets on the other is the presence of touch 
carbohydrate (66 or 70 % sucrose) m the former and 
its absence m the latter It would seem therefore 
that the presence of sucrose lends to a reduction m 
the amount of phosphatase m the mtestmal tissue 
References to similar work are very meagre Bellmi 
iSL- Cera (1940) found an mcrease m the mtestmal 
phosphatase of the rat durmg fat absorption Weil & 
Russell (1940) found a decrease m plasma phospha 
tase m the rat durmg fostmg, and an mcrease durmg 
the feedmg of lard and of cephalm but not of lecithm 
Lundbaek & Goranson (1948) showed that the 


phosphorylase of rat muscle is mcreased durmg 
starvation 

We can at present suggest no reason why the 
presence of sucrose m the diet should lead to a 
decrease m mtestmal phosphatase, and until more 
data are avadable it is profitless to speculate 

SUMMARY 

The effect was studied of vaiymg the proportions 
of dietary protein, fat and carbohydrate on the 
alkalme phosphatase of the small mtestme of the rat 
Diets contammg 66 or 70% of sucrose produced 
a significantly lower amount of the enzyme than 
diets m which the sucrose was replaced by fat or 
protem 
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The Reactions of Haems with Gyamdes and t^oGyamdes 

By JOAN KEELEN, Biochemical Laboratory, University of Oambndge 


(Received 2 

By determining tbe rmmTrmTn amount of pyridme 
required to give a haemoohromogen with a very 
strong solution of haem (ferrous 'protoporphyrm). 
Hill (1026) demonstrated conclusively that p 3 mdme 
haemoohromogen contains 2 moleoules of orgamo 
base per molecule of haem or per atom of iron This 
result was m agreement with that of von Zeynek 


May 1949) 

(1910) who found 2 2 mol of pyridme per mol of 
haem in a sohd p 5 mdme haemoohromogen 

Potassium cyamde, liowever, unlike other mtro 
genous substances, was found by Anson & Mirsky 
( 1 928) to give two distmot compounds with haem Tlie 
first, contammg 1 mol of cyamde per molecule of 
haem, was named by them ‘ cyan-haemochromogen 
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on accoxint of the resemblance of xta absorption 
spectrum to that of pyndme baemochromogen Tlie 
second compound, containing more cyanide jier 
molecule of haem, was merely named the second 
cyanide compound’ The latter, ■wbioh can only be 
obtamed m presence of an excess of cyamde, differs 
from the first m the general pattern of its absorption 
spectrum Unlike a typical baemochromogen its 
P band is much stronger than its a band (Followmg 
general usage the letters a, ^ and y denote tlie 
mdividual bands of the absorption spectrum of a 
compound, proceedmg m that order from the red 
towards the ultraviolet regions of the spectrum In 
haematm compounds the a- and ^ bands are m the 
visible region, wlule the y band, also known as the 
Soret hand, hes m the violet part of the spectrum ) 
These facts led Anson & Mirsky (1928) to consider aU 
typical haemochromogens as compounds of haem 
with I moi ofa mtrogenous base, a conclusion which 
was not corroborated by later work The nature of 
the compounds of cyamde with haem was remvesti- 
gated by Hill ( 1 929 ) , who confirmed Anson & Mirsky ’s 
findmg that haem and cyamde may combme m eqm- 
molecular proportions to give a oompoimd with a 
haemochromogen like spectrum, especially if the 
solution has a relatively low concentration of salts 
which tend to precipitate the haem out of solution 
He also showed that the second compound, which had 
previously been obtamed m the presence of excess 
cyamde, contains only 2 mol of cyanide per molecule 
of haem, and he was able to determme the dissocia 
tion constants of both compounds 

As It IS the ‘second cyamde compound’ of Anson 
& Mirsky (containing 2 molecules of cyamde per 
molecule of haem) that is structurally analogous to 
pyndme haemochrornogen. Hill descnbed it under 
the name ‘cyan haemochromogen’ whereas for the 
monocyamde compound he proposed the name’ cyan 
reduced haematm ’ Smce, as wdl be shown later, 
both these cyamde haem compounds differ in 
several respects from a t 3 'pioal haemochromogen, the 
protohaem compounds containing 1 and 2 mol of 
cyamde will be descnbed as monooyem-haem 
[(CN-) haem] and dicyan haem [(CN-), haem] 
respectively Suggested structures for these two 
compounds are 

K+ [Porphynn Fe" (CN)]~ 
and Ki++ [Porphynn Fe*^ (UN),] — 

In this paper it is proposed ( 1) to give the absorp 
tion spectra m the visible and violet regions of 
monocyan and dicyan haem, (2) to answer the 
question raised by Hill (1926) as to the existence of 
a compound m w hich the haem iron is hnked simul 
toneously to the cyamde radical and carbon mon 
oxide, (3) to elucidate the mode of attachment of the 
cyanide ion to the haem iron, since it is theoretically 
possible for the haem iron to combme with either 


the mtrogen or the carbon atom of the cyamde 
radical For this the reactions of non dissociable 
cyamdea and wocyamdes wuth haems, haematins and 
niethaemoglobm were exammed 

EXPERIMENTAL 

Protohacmin This was prepared by the method of Schal 
fejoff (1886) from ox or horse blood 

Urohaemtn Uroporphyrm I was isolated from the unne 
of a COSO of congemtal porphynn The porphynn was 
oatonfied and tho nrohnemm prepared from the octamethyl 
ester according to Fischer S, Orth (1934) 

Other reagents KCN solutions m distilled water were 
Standardized either by the method of Robbie i, Lemfelder 
(1946) or with standard AgNOj m the usual manner Methyl 
oyamde was pimficd by odaptmg the method of Toda (1926) 
for the pimfioation of butyl cyamde Methyl tsocyamde was 
prepaid according to the method of Gautier ns modified by 
Hartley (1928) 

Spectroscopic observations For all quahtative spectro 
8copic oxammations and for prelimmary quantitative 
expenmonte a microspeotroscope was used as previously 
described (Keilm, 1943) The detailed study of absorption 
Spectra was earned out with a Beckman photoelectno 
Spectrophotometer usmg 0 6 and 0 25 cm cells The absorp 
tion coefficient is defined aa e=djd, where c=molanty of the 
haematm solution, l=optical depth and d (density) = 
log IJI, whore J, and I are the mtensities of the incident and 
transmitted hght, respectively 

RESULTS 
Morweyan haem 

A stock solution of protohaematm (1 8x 10~* sr) 
was prepared by dissolving 117 mg crystalhne 
■protohaemm m 100 ml 1 % (w/v) (anhydrous) 
NajCOj Monocyan haem [(CN~)-haem] was oh 
tamed by mixing 1 ml of the stock haematm solution 
with 0 6 ml of 3 6 X lO"^ si aqueous solution of 
potassium cyamde, the mixture bemg made up to 
6 ml with water and reduced with a few mg of sohd 
sodium dithiomte (NajSjO,) In this solution the 
liaem and cyamde were present mall molecular 
ratio, the concentration of each bemg 0 3 x 10“* ar 
The absorption spectrum of the scarlet solution of 
this compound shows two distmct bands m the 
visible region a, 662aiid^, 622m/i ,thea band bemg 
much stronger than the jS band The y band is at 
414 mp The degree of dissociation which occurred 
under the conditions of this expenment was calcu 
lated from the value of the dissociation constant 
A = 1 3 X 10-® at 16'’, given by Hill (1929) It was 
found that only 62 4 % of the total haem was 
present as (CN~) haem, 47 6% remammg as free 
haem Ttieaa figures are m agreement with Hill’s 
dissociation curve of (CN“) haem where cyamde and 
haem are present mal 1 molecular ratio The absorp- 
tion cim’-e of (CN~) haem, as measured under the 
above experimental conditions, and the theoretical 
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curve of the absorption spectrum for 100 % (CN“)- 
haem, which was calculated from the observed 
values, are shown m Figs 1 and 2 

The extmction coefficients of the a ,jS and y bands, 
measured and theoretical, are summarized m 
Tables 1 and 2 



Wavelength (nyi.) 

Fig 1 Absorption bands m the visible region of protohaeni, 
(CN“) protohaem and (CN”), protohaem Haein=0 3x 
lO-*!!, 1=0 6 cm , e as defined m text The theoretical 
absorption curve of (CN“) haem calculated for the undis 
Bociated compoimd is also given 

The absorption spectrum of this compound is of 
special mterest m that although it is of a haemo- 
chromogen pattern, its a- and /9 bands are consider- 
ably lower than those of typical haemo chromogens 
obtamed with denatured serum proteins, denatured 
globm, glycme or pjrndme (Table 1) However, m 
the case of (CN~) urohaem (Fig 6) it was found that 
the a-band was very nearly as high (e x 10"^ = 1 99) as 
thatof a typical urohaemochromogen (e x 10~* = 2 23 
for glycme urohaemochromogen) 

So far, the magnetic susceptibihty of (CN“) haem 
has not been determmed owing to technical diffi- 
culties As has already been pomted out by Hill 


(1929), the strongest solution of (CN~) haem that 
can be obtamed is 2 x 10“^ m Even though the 
haem and cj^anide are present mil ratio, a more 
concentrated solution would contam free haem m 
equilibrium with dicj^an-haem For the accurate 
determmation of the magnetic susceptibihty of a 
haematm derivative by the method of Gouy (1889) 
usmg a magnetic field of about 10,000 gauss, the 
concentration of the haem should be at least 10“* m 



Wavelength (m/i) 

Fig 2 Absorption spectra showmg y bands of protohaem, 
(CN~) protohaem and (CN“), protohaem, and the theo 
retical absorption curve of (CN“) protohaem calculated 
for the undissooiated compound Haem=0 3 x 10 ~*m, 
i=0 6 cm 

Dicyan fiactfi 

Dicyan haem, [(CN -)3 haem], was prepared by 
mi-ong 1 ml of the stock haematm solution with 
6 ml of 3 6x lO-®!! aqueous potassium cyamde 
solution reduced with the minim u m amount of dry 
NbjS 204 The concentration of haem was 0 3 x 10-* m 
and the haem cyanide ratio was 1 100 The absorp 
tion spectrum of the solution of this compound, 
which IS also scarlet, differs markedly from that of 
(CN-) haem (Figs 1 and 2) The positions of its two 
absorption bands m the visible region of the 
spectrum are a, 666 and p, 636 m^ , and the a band 
IS much weaker than the )S-band, the values e x 10 
bemg 1 186 and 1 66, respectively The y band hes 
at 434 m/x The extmction coefficients of the 
absorption bands are summarized m Table 2 

Reactions with carbon monoxide 

Reactions ofhaemochromogens with carbon monoxide 
It IS weU known that haem and haemo ohromogens 
combme reversibly with CO and that the CO haem 
and CO-haemoehromogens thus formed each 
contam only 1 mol of CO/mol of the compound 
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Table 1 Pomtiona and heights of the « and j8 bands and the trough between them 
for monoeyan protohaem and typical haemocJiromogen compounds 


Compo\md 

Monoeyan protohaem 
(theoretical value) 

Denatured aerum protein 
haemoohromogen 
(Keilin, 1944) 

Qlyoine haemoohromogen 
(Keihn, impubhahed) 

Glohm haemoohromogen 
(Drabkm, 1942) 

Pyndme haemoohromogen 
(Drabkm, 1942) 


Wavelength of moiuna and 
minima of absorption 

JL 


r 

Band or 

^ 




trough (tr ) 

(mp) 

ex 10-^ 



a 

662 

2 27 



tr 

634 

0 91 

26 

13 

p 

622 

1 18 



a. 

667 

2 96 



tr 

640 

0 79 

3 76 

1 64 

p 

627 

129 



(t 

666 

3 02 



tr 

639 

0 83 

3 86 

171 

p 

625 

130 



a 

668 

3 09 



tr 

642 

0 89 

3 49 

168 

p 

628 

1 40 



a. 

668 

309 



tr 

640 

0 91 

841 

1 79 

p 

626 

1 63 




Table 2 Positions and extinction coefficients of the a , p and y-bands of the compounds of protohaem, 

and urohaem with KCN, CHjNC and CO 


tt Band j3 Band y Band 


Compound 

i 

. 

A (mp ) 

> 

/'■" 

A ^ 

PL 

A(mp) 

6 X 10-* 

ex 10-* 

A(mp) 

ex 10-* 

e. 

(CN”) protohaem 
(theoretical) 

652 

2 27 

622 

1 18 

414 

1146 

6 

(CN“) protohaem (exp ) 

662 

1 49* 

622 

0 86* 

414 

7 6* 

6 

(CHjNC) protohaem 

666 

1616* 

628 

1 13* 

420 

10-46* 

7 

(CN~), protohaem 

665 

1 186 

636 

166 

434 

11 76 

10 0 

(CHjNC), protohaem 

662 

1 246 

632 

1416 

432 

14 48 

116 

CO protohaem 

562 

1 46 

630 

1 196 

406 6 

14 7 

96 

(CN") protohaem + CO 

662 

1 40 

630 

1 16 

406 6 

141 

10 0 

CO cyan protohaem 

666 

0 97 

638 

1 186 

426 

16-0 

16 4 

CO protohaem (m ethanol) 

602 

1 186 

633 

0 92 

410 

16 6 

13 2 

CO (CHjNC) protohaem 

664 

1 206 

636 

1 166 

422 6 

10 0 

83 

(CN") urohaem 

647 

1 99* 

618 

1 17* 

418 

112* 

66 

(CHjNC) urohaem 

647 

1 666* 

616 

1 186* 

410 

17 5* 

10 6 

(CN"), urohaem 

660 

083 

632 

146 

428 

110 

13 26 

(CH5NC), urohaem 

664 

1 1 

624 

1 65 

422 

26 8 

24 6 

• These values apply to the compound under the 
theoretical value owing to dissociation 

experimental conditions described and 

are much lower 

than the 


(Hill, 1926) According to Hill CO haem can be 
represented as 


/CO 
Haem<' , 


By passmg CO through a solution of a haemo- 
chromogen, e g pyndme haemochromogen, the 
CO displaces 1 mol of pyndme (Pyr) to form a 
CO liaemochromogen ( Hill , 1926) 


* here x is either another molecule of the complex or 
a molecule of water ’ (In the schematic represents 
tions of these compounds, the hnes directed from 
the haem iron are not mtended to mdicate the 
nature of the valency bonds ) Usmg the formula for 
haem suggested by Davies (1940) the reaction may 
be expressed as follows (Fe = haem iron) 


H5O /CO 

^+COviFe<__ +H,0 


''H.O 


''H,0 


/Pyr /CO 

Fe<' +C0^F6d +Pyr 
\PyT ^Pyr 

It is important to note that m this eijuihbnum 
reaction CO and pyndme compete for the haem iron 
jRenctroiv 0 / monoeyan haem with carbon mon- 
oxide On passmg CO through a solution of (CN-)- 
haem, the latter acquires a characteristic bnght 
cherry-red colour, and its absorption spectrum m 
both the visible and violet regions becomes almost 
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indistinguishable from that of ordmary CO haem 
To avoid loss of cyamde as CO is bubbled through the 
solution, the experiment was also earned out by 
addmg an equivalent amoimt of oj^amde to CO haem 
previously prepared However, the same result was 
obtamed m both cases and the compound formed 
could not be distmguished from CO haem These 
results support the observation of Hill (1929) that 
when (CN-) haem is treated with CO the latter 
replaces the smgle cyamde ion givmg CO haem and 
not CO (CN~) haem The reaction may therefore be 
represented as follows 

/CN- ,C0 

Te< +COeiFe/ +CN- 
\H,0 \H 50 


Reaction of dtcyan haem with carbon monoxide 
"WTien CO was passed tlirough a solution of (CN-),- 
haem, the characteristic absorption bands of this 
compound m the nsible region of the spectrum 
disappeared and were replaced by a diffuse and 
asymmetric band as seen m the microspeotroscope 
The spectrophotometnc curve of tlus band (Fig 3), 
however, showed it to consist of a two banded 
spectrum witli a very weak and narrow band at 
666 m/I and a strong band at 638 my There was 
also a very marked change m the violet region of 
the spectrum , the y band of the compound became 
distmctly sharper and was shifted from 434 to 
426 my , 1 e about 9my towards the short wave end 
of the spectrum (Fig 4, Table 2) The absorption 
spectrum of this compound is thus very different 
from those of (CN~)-haem, (CN ~)2 haem, CO haem 
and CO haemoohromogen These results clearly 
demonstrate the existence of CO cyan haem, which 
may be considered as emalogous to CO haemo 
obromogens 



+ CO?iF 



+ 0N- 


Oarbylamine haems 

Reactions of methyl iBocyantde with haems Pure 
methyl tsooyamde (CH^NC) was dissolved m distilled 
water to make a 0 16 m solution A 10“®m solution of 
protohaematm was prepared by dissolvmg 16 4 mg 
of crystaUme protohaemm m 26 ml 0 In NaOH 
The wocyamde solution (1 ml ) was added to 1 ml 
haematm solution, and the mixture was diluted with 
methanol and distilled water so that the final 
methanol concentration was at least 60 % "V^Hien this 
solution, cont ainin g haem and wocyamde m a 
1 160 molecular ratio, was reduced with Na^SjO^ the 
red solution showed a two-banded spectrum 
resembhng that of (CN“),-haem, the /S band bemg 
sharper than the a band The positions of the bands 
were a, 662, 632 and y, 432 my , the values of 

c X 10”* being 1 26, 1 42 and 14 48, respectively 
(Table 2) A similar experiment usmg equimoleoular 


(10“®M) solutions of haematm and tsocyamde gave 
rise to a spectrum resemblmg that of (CN-) haem m 



Fig 3 Absorption bands m the visible region of the spectrum 
of CO protohaem and CO cyan protobaem Haem = 
0 3 xlO”* M, i=0 6 cm 



Fig 4 Absorption spectra showing y bands of CO proto 
haem, (CN-), protohaem and CO cyan protohaem The 
shoulder at about 406 m/i. on the latter absorption band is 
probably due to a httle CO haem m the solution 
Haem=0 3 x 10"* m, 1 = 0 6 cm 

which the a band was much sharper than the f 
band Owmg to some dissociation under the condi- 
tions of the experiment the absorption spectrum is 
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probably that of a mixture of (CHjNC) haem with a 
httle firee haem and (CHjNC); haem, the latter 
giving nse to a low y hand m addition to that of 
(CHjNC) haem Tlie positions and extmction co 
efficients of the absorption bands of this solution are 
summarized m Table 2 

With urohaem, CH 3 NC reacts freelj m shghtly 
alkalme solution, presumably because urohaem is so 
much more soluble than protohaem Two compounds 
are formed as with protoliaem, and the spectra are 



Fig 6 Absorption bandBintheYiBibleregionofthespeotniin 
of {CN“) urohaem (Haem^CN = 13 6 ) and (CN"), uro 
haem, containing excess KCN Urohaem =0 66 x 
for first compound and 0 661 x 10 ”* m for second com- 
pound, I =0 26 cm. The y bands of these compounds ore 
shoivn m Fig 7 

very similar to those of mono and di cyan urohaem, 
(CHjNC) urohaem has its a , ^ and y absorption 
bands at 647, 616 and 410 mp , the values of 
( X 10~* bemg 1 66, 1 19 and 17 6, respectively 
(Figs 6 and 7) 

(CHjNOj TJrohaemhas a and jS bands at 664 and 
624 mp. , the values of < x 10~* being 1 1 and 1 65, 
respectively Tlie y band of tins compound, which 
hes at 422 mp, , is of mterest m that the vmlue of 
c X 10”* 18 about 26 8 (certainly above 26 6 ) (Figs 6 
and 7) The only other metalloporphyiin known 
winch possesses such a lugh y band is turacm, a 


naturally occurrmg copper uroporphyrm In turacm 
the y hand 18 at 399 mp, and e x 10“* is 26 

The reaction between protohaem and IO-’m 
CH 3 NC m alcobohc solution with cysteme buffer as 
reducmg agent was described by Warburg, Negelem 
& Clinstian (1929) m the course of their mvesti- 
gations on the compound formed between methyl 
isocyamde and Imemoglobm and on the effects of 
methyl wocyamde on the photoohermcal dissociation 
of CO haemoglobm These authors give the absolute 
absorption spectrum of methyl carbylamme-haem of 
which only the y band resembles that of (CHjNClj- 
urohaem os shown m Fig 7 The mono carbylarmne 
haem compound was not described by these authors 



Fig 6 Absorption bands m the wSible region of tbe spectrum 
ofCH;,NC- urohaem (urohaem CHjNC = l l)and(CHjNC), 
urohaem (urohaem CHjNC = 1 160) Urohaem =0 834 x 
I0“* M, (=0 26 cm, 

Reacivma of carbon monoxide with mono and 
dt carbylamine haems With (CHjNC) protohaem, as 
m the case of (CN~) protohaem, CO displaces the 
smgle molecule of CHjNC from the haem Fe, and 
ordmary CO haem is obtamed I^Tien CHjNC was 
added to an ethanohe solution of CO-protohaem so 
that the molecular ratio of CHjNC to haem was 3 1 , 
the a and j3 hands became more diffuse and a y-band 
appeared at 422 6 mp m addition to that of CO- 
haem (410 mp ) Tlus new band, which lay m a 
position mtermediate between those of CO haem and 
(CHjNC); haem, was most probably due to a CO- 
carbylamme haem compound, analogous to CO- 
IGN-) haem The same result is obtamed if CO is 
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passed tlirough a solution of (CHjNC);, haem con 
taming CH^NC and haem m the same 3 1 ratio If 
more CHjNC 18 present, e g 16 mol /mol of haem, the 
CO compound does not appear to be formed 

Reactions oj methyl cyanide vnth haem Whereas a 
commercial sample of methyl cyamde (CH3CN) 



480 460 440 420 400 380 


Wavelength (m^) 

Fig 7 Absorption spectra shotving y bands of (CN“), 
urohaem, (CN“) urohaem (solutions as m Fig 6), 
(CH3NC), urohaem and CHjNC-nrohaem (solutions as 
m Fig 6) Z = 0 26 om. 

reacted with urohaem givmg a 4 banded spectrum 
correspondmg to a mixture of the mono- and di 
cyan haem types of spectra, a pure specimen 
(bp 81°) wluch had been treated with sr HaS 04 to 
hydrolyse any wocyanide present, followed by 
N-NaOH to remove any free HCN, faded to react 
with urohaem m any proportions m both aqueous 
and ethanoho solutions The importance of this 
failure to react with haem will he discussed later 


Reactions of methyl mocyanide and methyl cyanide 
with the tnvalent iron compounds, haematm and 
methaemoglobin 

Haematm KCN reacts readdy with haematms 
causmg the colour to change from greenish brown to 
scarlet, and the narrow absorption band at about 
616 mp of aUcahne protohaematm to be replaced 
by a broad, somewhat diffuse band m the green 
region of the spectrum at 646 mp Accordmg to 
Hogness, Zschede, SidweU & Barron (1937) cyan 
haematm contains 2 mol of cyamde/mol of 
haematm If, however, CH 3 NC or CH 3 CN is added 
to protohaematm m ethanohc solution, there is no 
change m the haematm spectrum, an mdication that 
neither of these compounds reacts with haematm 
Simdar negative results were obtamed with uro 
haematm 

Jilethaemoglobin KCN also combmes with acid 
methaemoglobm, altermg the colour of the solution 
from reddish brown to bright red and causmg the 
absorption band at 630 mp to be replaced by a 
broad band the centre of which hes at about 640 mp 
Neither methyl wocyamde nor methyl cyamde 
causes any change m the colour or spectrum of 
methaemoglobm, and it may therefore be assumed 
that these compounds do not combme with it 

DISCUSSION 

Haemoohromogens have hitherto been defined as 
compo unds of haem with 2 mol of a mtrogenous base 
Potassium cyanide and methyl tsocyanide, however, 
differ from aU other mtrogenous substances mvesti 
gated so far, m that each can form with haem two 
distmot compounds containing 1 and 2 mol of the 
substance per molecule of haem 

Tn hifl study of the two cyamde haem compounds, 
TTili (1929) found that on the addition of CO to 
(CN") haem, ordmary CO haem was formed and not 
a CO (CN”) haem compound, the smgle cyamde ion 
bemg replaced by CO He stated, however, that ‘ the 
existence of a compound such as CO cyan-haemo- 
chromogen IS not excluded, but so far it has not been 
detected’ It is now shown that there is ample 
spectroscopic evidence for the existence of a defimte 
CO (CN”) haem The conditions required for its 
formation show that m the presence of excess 
cyamde, 1 e when (CN”)i haem is formed, one of the 
CN” groups of tlus compound can be replaced by CO 
gnmg CO (CN-)-haem Apparently m (CN”) haem, 
CO can replace only the (CN”) group and not the 
water co ordmated with the iron atom, as shown 
m the scheme on p 444 

The CO (CN”) haem is of special interest smce it 
shows that two important inhibitors of respiration 
and of reactions oatalyBed by certam haematm com 
pounds may, under certam conditions, co ordmate 
simultaneously with the same iron atom of haem 
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A comparative study of the properties of the two 
cyanide protohaem compounds and ordinary haemo 
chromogens (e g globm or pyndme liaemochromo 
gen) shows that (1) (CN") haem has an absorption 
spectrum of the same pattern as that of a haemo 
chromogen but, unlik e the latter, it contains only 
1 mol of mtrogenous base/atom of Fe , its absorption 
bEmds both m the visible and violet regions of the 
spectrum are considerably lower than those of a 
haemochromogen, and it does not form a CO com 
pound of the CO haemochromogen type Unfortun- 
ately, its magnetic susceptibdity has not yet been 
determined, for it would be very mtereatmg to know 
whether or not the compound is diamagnetic as 
suggested by its absorption spectrum (2) (CN~)j 
liaem resembles a haemochromogen m its composi- 
tion (2 mol of mtrogenous substance per atom of 
Fe), m the zero magnetic moment of the Fe atom 
(Pauhng & CoryeU, 1936) and m forming a CO (CN~)- 
haemcompoundanalogoustoaCO haemochromogen, 
but it differs from a haemochromogen m several ways 
The patterns of the absorption spectra of (CN“)j- 
haem and its CO derivatives are entirely different 
from those of a haemochromogen and CO haemo 
chromogen respectively and, m addition, the 
densities of the absorption bands of (CN~),-haem 
are only about half of those of a typical haemo 
ohromogen 

Methyl wooyamde has now been shown to give two 
compounds with haem analogous to those gi\en by 
KCN Smce methyl tsocyamde (CHjNC) is only able 
to combme with the haem Fe by mesins of its 
terminal carbon atom, it may be assumed that m 
both mono - and di-oyan haem the cyamde ion is also 
linked by its carbon atom Additional evidence m 
favour of this view is provided by the mabihty of 
methyl cyanide (CHjCN) to react with haem either 
m the manner of KCN or as a simple liaemochromo 
gen formmg base m spite of its te rmin al mtrogen 
atom These results corroborate the views of 
Pauhng & CoryeU (1936) and Wyman (1948) that 
‘ m the dicyamde compound it is probably the carbon 
atoms of the cyamde ions wluch are linked with the 
iron’ It 18 this mode of hnkage which is probably 
responsible for the fundamental differences between 
the cyamde and carbylamme haem compounds on 
the one hand and the true haemochromogens on the 
other In the latter typo of compound the mtro 
genoua base is always linked to the haem Fe through 
the mtrogen atom 

It IS of mterest to note that methyl taooyamde 
reacts with the bivalent iron of haem and haemo 
globm but not with the tervalent iron of haematm 
and methaemoglobm In this respect methyl wo 


cyamde resembles CO, with which it can compete for 
ferrous haem and haemoglobm 

The structure of dicyan haem is of particular 
mterest smce the pattern of its absorption spectrum 
bears a strong resemblance to a certam haem 
derivative which was first described by Dh^rd & 
Vegezzi (1916) and which vnU be discussed m the next 
paper 

SUMMARY 

1 As was previously shown, potassium cyanide 
gives nse to two distmot compounds with haem 
monocyan haem (1 CN~/Fe) and dicyan haem 
(2 CN-/Fe) 

2 The absorption curves of these compounds 
have been deterrmned m the visible as weU as the 
violet regions of the spectrum and the marked 
differences m their pattern are discussed m relation 
to the spectra of other haematm derivatives 

3 Methyl wocyamde (CHjNC) comhmes with 
haems to give mono and di-carbylamme haem com- 
pounds having the same spectroscopic properties as 
mono and di cyan haems, whereas methyl cyamde 
(CHjCN) does not combme with haems These 
results show that the cyamde ions m mono and 
di cyan haems are attached to the haem iron 
tlirough their carbon atoms This mode of attach- 
ment accounts for the difference between the 
absorption spectra of (CN“), haemor(CHjNC)j haem 
and those of ordinary haemochromogen compoimds 
such as pyndme haemoohromogen 

4 It 18 only when one cyamde ion or one molecule 
of methyl wocyamde is attached to the haem iron 
through its carbon atom that the absorption 
spectrum of the resulting compound resembles that 
of an ordinary haemochromogen 

6 Methyl wocyamde, hke carbon monoxide, 
comhmes only with haem and haemoglobm and does 
not react with the feme compounds haematm and 
methaemoglobm, both of which form charactenstio 
compounds with cyamde ion 

6 Methyl cyamde was found not to react with any 
of the haematm compounds exa min ed 

7 The existence of a CO (CN~) haem compound 
m which iron is smmltaneously co-ordinated with 
cyamde and carbon monoxide has been demon- 
strated, and an amalogous CO (CHjNC) haem 
compound is also described 

I wiBh to thank Dr R Hill, F R S , and Dr E F Hartree 
for their valuable suggestione. Prof C H Gray for putting 
me m contact with a case of congemtal porphyria without 
whose ready co-operation much of this work could not have 
been earned out, and Mr C L Tsou for the preparation of a 
sample of methyl isocyamde Thanks are also due to the 
Medical Research Council for a personal grant 
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On the Properties and Nature of Dihydroxyl-haem 

Bi JOAN KEILIN, The Bwchenvical Laboratory, University of Cambridge 

(Received 2 May 1949) 


Dh6r6 & Vegezzi (1916), while working on the 
reduction of haematin under different conditions, 
described a compound obtamed by reducing an 
ethanoho solution of haematm m strong alkali with 
sodium dithiomte (Na 2 Ss 04 ) m air This compound, 
which they named ‘ alkahne haemocliromogen’, was 
red m colour and showed a characteristic absorption 
spectrum consistmg of two bands, of wluch the 
)3-band lymg nearer the blue end of the spectrum was 
much stronger than the a-band It was not until 
several years later, however, that the term ‘haemo 
clu-omogen’ was defined by Anson & Rlrrsliy (1926) 
as covermg the compounds of reduced haematm or 
haem with different mtrogenous substances, and 
TTill (1926) showed conclusively that m a haemo 
chromogen 2 mol of an organic base are combmed 
with the one iron atom of haem Of all the mtrogenous 
compounds exammed only potassium oyamde and 
methyl wocyanide (methyl carbylamme) were 
found to form two distmct compounds with haem 
monocyan-haem and dicyan haem, which contam 
1 and 2 mol of oyamde per molecule of haem 
respectively, and mono- and di carbylamme haem 
(see Kedm, 1949) 

The object of this mvestigation is to elucidate the 
nature of the compound described by DhSrS & 
Vegezzi as ‘alkahne haemochromogen ’ and to 
compare it with haem, monooyan-haem, dicyan 
haem and haemo chromogens It is proposed to 
describe the ‘alkahne haemochromogen’ of Dh6r6 & 
Vegezzi imder the name of dihydroxyl haem, with 
a prefix to the haem denotmg the type of porphyrm 
used , e g dihydroxyl protohaem and diliydroxyl 
urohaem 


MATERIAL AND METHODS 

Prdohoemtn This was prepared by the method of 
Sohalfejeff (1885) from ox or horse blood 

Haematohaemtti Haematoporphynn was prepared from 
protohaemm by Nencki’s method (Nenoki <1 Seiber, 1888) 
and the iron was mtrodneed by treating the porphyrm with 
PeS 04 m the presence of glacial acetic acid and sodium 
acetate 

Urohaenttn Uroporphyrm I was isolated from the urme 
of a case of congemtal porphyna The porphyrm was 
estenfied and the urohaemm prepared from the ootamethyl 
ester acoordmg to Fischer & Orth (1934) 

Sptciroscoptc observaltons For all quahtative spectro 
Bcopio exammations and for prelimmaiy quantitative expen 
ments a miorospeotroscope was used as previously desonbed 
(Keibn, 1943) The recordmg of absorption spectra m the 
visible and violet regions was earned out with a Beckman 
photoeleotno spectrophotometer In all figures the molecular 
absorption coefiSoients (e), as previously defined (Kedm, 
1949), were plotted against wavelengths (m m^ ) 

RESULTS 

The reaction of protohaem with sodium hydroxide 

A solution of protohaem, obtamed by dissolvmg 
protohaemm m 0 In NaOH or 1 % (w/v) NajCOa 
(anhydrous) and reducing it with NajSjO^ , shows two 
very diffuse absorption bands The addition of 
ethanol to this solution affects this spectrum only m 
so far as it causes a very shght sharpenmg of the 
bands If, however, the etlianohc solution of proto 
haematm contains a much higher concentration of 
NaOH, the solution becomes cherry coloured on 
reduction, and a characteristic two banded spectrum 
18 seen m which the )3 band, with its centre at 
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668 jnfi , IS much stronger than the a band which 
hesat690m/i (Fig 1) The y band of this compound 



Fig 1 Absorption bandflmtheviaibteregionoftlieapectnim 
of (0H-), protohaem, (CN-), protohaem contaming 60% 
v/v ethanol (protohaem = 1 86 x 10”* M) and ethanoho 
protohaem (Protohaem =1 66 x 10~* si, 1=0 6 om ) 



Fig 2 Absorption spectra showmg the y bands of (OH~)j 
protohaem, ethanoho protohaem and (CN~)j protohaem 
contammg 60 % v/v ethanol (Protohaem = 1 85 x 10^ si, 
1=0 6 cm ) 

(A = 436 mp , e x 10~*= 11) is much stronger and hes 
nearer the red end of the spectrum than the cor 


responding band (A=:412 mp , exl0~‘ = 7 2) of 
ethanoho protohaem which, for the purposes of this 
paper, may be defined as a solution of heiematin m 
a 60% (v/v) mixture of 0 In NaOH and ethanol, 
reduced with Na^SjOj (Fig 2) Dihydroxyl proto- 
haem can also be obtamed if the ethanol is replaced 
by acetone or glycol monomethyl ether The effect 
of ethanol is therefore not specific, and the formation 
of this compound reqmres the presence of almost any 
water miscible solvent m addition to a high con 
centration of NaOH 

The optimum conditions for the formation of 
dihydroxyl protohaem were determmed by varymg 
the concentration of (a) ethanol or (6) NaOH, the 
concentrations of the other reagents remaining 
constant m both cases 

(o) Experiments with varying concentrations of 
ethanol For this purpose a senes of tubes was set up 
each containing 1 ml of a 4 6 x 10 ~*m solution of 
protohaematm m I % (w/v) NajCO, and 1 ml of 
10 % (w/v) NaOH To aU except the first tube were 
added varymg quantities of absolute ethanol The 
solutions were made up to a constant volume of 
4 ml with distilled water, reduced with dry Na 5 St 04 
and exammed spectroscopically 

The solutions containing 28 6 % (v/v) or less of 
ethanol were opalescent, of a greenish brown colour 
and showed the spectrum of ordinary protohaem 
When the concentration of ethanol reached 34% 
(v/v) the absorption spectrum of dihydroxyl proto 
haem was famtly seen, superimposed on that of 
haem With mcreasmg concentrations of ethanol, 
the absorption bands of dihydroxyl protohaem 
gradually replaced those of protohaem The bands 
reached maximal mtensity and the solution became 
clear and of a brownish pmk colour only when it 
oontamed about 46 % (v/v) ethanol As a slightly 
higher concentration of ethanol did not affect the 
absorption spectrum of the compound, it was 
decided to add ethanol to 60 % of the total volume of 
the solution m aU subsequent experiments with 
dihydroxyl protohaem 

(6) Experiments with varying concentrations of 
sodium hydroxide In an attempt to determme 
whether the formation of the dihydroxyl protohaem 
was a function of the pH of the solution, NajCOj was 
used as the aUcah, but even saturation of a solution 
of ethanoho protohaem with NajCOj failed to 
produce the characteristic spectrum It was foimd 
that only strong alkah such as NaOH would give 
nse to this spectrum and the minimal concentration 
for its complete formation was determmed spectro 
photometrically as follows A stock solution of 
protohaematm was prepared containing 12 36 mg 
protohaemm m 25 ml l%(w/v)Na.C 03 andaEenes 
of 10 tubes was set up each contammg 1 ml of the 
stock baematm solution and 3 ml absolute ethanol 
To tubes 2-10 were added varying amounts of 
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NaOH ranging from 0 6 ml N-NaOH to 2 ml 
12 IT NaOH and the volumes of all solutions were 
adjusted to 6 ml with distilled water The solutions 
were reduced with sohd NajSjO^ and allowed to 
stand for about 30 mm to allow full reduction to 
take place, especially m the more alkahne solutions 
The maximum mtensities of the absorption bands 
were measured for each solution, and it was found 
that a concentration of 1 33 n NaOH provided the 
optimum conditions for the formation of dihydroxyl- 
protohaem 

The choice of solvent used for the formation of 
dihydroxyl protohacm In the reaction described 
above ethanol was used as ongmally specified by 
Dh6id & Vegezzi (1916) Tlie reaction, as has already 
been mentioned, is also given with acetone or glycol 
monomethyl ether, both of which are water miscible 
solvents But dioxan used m conjunction with 
NaOH, though finely imscible with water, failed to 
give dihydroxyl protohaem Wlien dioxan was added 
to a solution of haematm either m 1 % (w/v) NajCOj 
or m 0 iN-NaOH m the presence of NajSj 04 , the 
solution became a clear cherry red and its two banded 
absorption spectrum closely resembled that of 
caffeme haem (Keihn, 1943) However, dioxan 
greatly sharpened the absorption spectrum of CO 
protohaem both m aqueous and ethanohc solution, 
shiffcmg the absorption bands a httle towards the 
blue end of the spectrum, m contrast to the action of 
caffeme on CO protohaem 

Reactions of haems other than protohacm with 
sodium hydroxide 

Wliereas protohacm requires ethanol or a similar 
solvent for the formation of dihydroxyl protohaem, 
other haems such as deutero , haemato- and uro 
haem form their correspondmg dihydroxyl com- 
pounds without the addition of any orgamc solvent 
(Fig 3) None of these haems, however, would give 
diliydroxyl compounds with NbjCOj instead of 
NaOH Tlie formation of dihydroxyl haematohaem 
and diliydroxyl urohaem with mcreasmg concen- 
trations of NaOH were followed spectrophoto- 
metncally as described for dihydroxyl protohaem 
The minimum concentration of NaOH required for 
the formation of dihydroxyl haem compounds was 
foimd to be 1 33 n for protohaem m the presence of 
60 % ethanol and only 1 On for haemato and uro- 
haem m the complete absence of ethanol The 
presence of ethanol, nevertheless, slightly sharpens 
and shifts the absorption bands of dihydroxyl 
haematohaem towards the red end of the spectrum 
It affects similarly, but to a lesser degree, those of 
dibydroxyl urohaem 

Stoichetometnc relationships 

In order to determme the number of hydroxyl 
groups combmed with each molecule of haem to give 


the hydroxyl compoimd, the haem was titrated with 
NaOH usmg the double wedge trough method 
descnbedbyKeihn&Hartree (1946) Haematohaem 
was selected for tlus exjienment, smce it does not 
require ethanol for the formation of its hydroxyl 
compound and is more stable to reoxidation by air 
than urohaem 

3 ml of a 6 12 X lO"*!!! solution of haemato 
haematm m 1 % NajCOj were diluted with 1 % 
NajCOs to 26 ml for one compartment of the 
double wedge trough, and with 16 m NaOH for the 
other compartment, so that the haematm concen 
tration was 7 36 x 10“® m in each compartment of the 



Fig 3 Absorption bands m the visible region of the speotmm 
of (OH-), urohaem, urohaem, ethanoho urohaem and 
ethanohc ( 0 H “)3 urohaem The two latter solutions 
contain 60% v/v ethanol (Urohaem =1 203 x 10“* M, 
1=0 6 cm ) 


trough The volume (v) of 6 12 x IQ-'m haemato 
haematm for the required optical depth m the cup 
was calculated as follows v = irr-ipflc^, where and 
C2 = haematohaematm concentrations m trough and 
cup, respectively, Z = hght path m trough (2 1 cm ) 
and r = radius of cup All the solutions were reduced 
with NaaSa 04 and the haematohaem m the cup was 
matched against the broad end of the haematohaem 
compartment of the trough winch was at zero 
position, the hght mtensities of the two spectra 
havmg been carefully equalized The haem m the 
cup was then titrated with N NaOH and the 
spectrum of the solution was matched, after each 
addition of NaOH, against the optical mixture of 
haematohaem and its hydroxyl compound m the 
two compartments of the trough The concentrations 
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Table 1 The relation betimen the sodium hydroxide concentration and percentage formation of dihydroxyl 
haematohaem as determined experimentally and as calcidatcdfrom the results by the method of least squares 





Percentage 


log {x/(a 

-X)} 

Total NaOH 

NaOH concentration in solution 

formation of 

Percentage 

t 

\ 

added 

^ . 

^ 

compound 

fiw haem 

Determined 


(ml) 

M 

log M 

(*) 

(o-i) 

experimentally 

Calculated 

005 

0 238 

-0 8231 

16 

84 

-0 7201 

-0 718 

010 

0 384 

-0 4167 

38 

64 

-0 2496 

-0 286 

025 

0 612 

-0 2132 

60 

44 

+ 0 0864 

+ 0 136 

0 36 

0 688 

-01624 

65 

36 

+ 0 2609 

+ 0 240 

045 

0 740 

-0 1308 

62 

38 

+ 0 2263 

+ 0 306 

0 66 

0-775 

-0 1107 

70 

30 

+ 0 3674 

+ 0348 

0 70 

0 814 

-0 0894 

72 

28 

+ 0 4099 

+ 0 392 

080 

0 826 

-0 0836 

73 

27 

+ 0 4314 

+ 0 409 


of haomatohaematm in the cup and trough were 
specially selected so that the spectrum of the 
haematohaem was clearly visible, while that of the 
fully formed hydroxyl compound m the trough 



Fig 4 Helationship between log molanty of NaOH and 
log {xj[a -i)}, where I =percentage formation of (OH')i 
haematohaem and a-x =percentageoffreehaematohaem 
Experimental reaulta are represented by dots Resultfl 
calculated from the equation 

log {xl{a - x)} = n log (OH-) - log A, 
where n=2 0S and A =0 264, are represented by the 
straight Ime 

(contammg excess NaOH) was not too mtense to 
pre\ ent mntchmg with the solution m the cup It 
was thus possible to detemime the percentage 
formation of the hydroxjl compound at different 
concentrations of NaOH and the results are given 
in Table 1 

If the reaction is represented by the following 
equation 

Haem + ji(OH“) ^ Hnem(OH-)„, 


then from the law of mass action 
[Haem (OH-)„] 

[Haem] [OH"]" 

If a: represents the amount of the hydroxyl compound 
formed and a represents the total haem present, then 


(o-a:)[OH-]" 

whence log {x/{a — x)} = n log [OH-] — log K 

By applymg the method of least squares to the values 
obtamed for log {x/{a ~ a;)} and log [OH“], it was 
found that n = 2 08 and log [OH~] = — 0278 at 60% 
formation of the hydroxyl compound while k = 0 264, 
since under these conditions log ^ = n log [OH“] 
(This value for k does not take mto account the very 
slight depression of [OH“] due to the presence of 
NatStO* , nor the activity coefficient of NaOH ) On 
svibstitutmg these values for n and K m the above 
equation, the theoretical values of log {x/{a—x)} for 
different concentrations of NaOH can be calculated 
These calculated values, together with those obtamed 
experimentally, are shown m Fig 4 This experiment 
shows conclusively that m the hydroxyl haemato 
haem compound the haem Fe combines with two 
hydroxyl groups, and smce the correspondmg 
compounds obtamed with other haems have Bimilar 
properties, all these compounds may be described 
under the name of dihydroxyl haems 

Reactions of dihydroxyl haems with 
carbon monoxide 

WTien a current of CO is passed through a solution 
of dihydroxyl protohaem, the latter assumes a 
bright cherry red colour and its absorption bands are 
shifted to the followmg positions a, 663 , p, 632 and 
y, 410 m /1 This spectrum corresponds to that of a 
Solution of ethanohc CO protohaem (Fig 6) 
Similarly, the CO derivatives of dihydroxyl haemato 
haem and dihydroxyl urohaem m aqueous solution 
are mdistmguishable from their respective aqueous 
solutions of CO haems 

At tlus pomt it may bo mterestmg to recall 
I)h4r4 <5L. Vegezzi’s (1916) expemnenta on the 
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reduction of acid and alkalme ethanolic solutions of 
protohaematin in open and sealed tubes They 
invariably found that m sealed tubes the absorption 
spectra of the solutions were very different from 
those m open tubes and, although the latter con- 
tained an excess of reducer, they beheved at first 
that complete reduction could only be obtamed m 
sealed tubes However, later Dhdr6 ( 1 927) recognized 
that the difference was not due to the more complete 
reduction of the solutions m sealed tubes but to the 
formation witlun them of CO protohaem, the CO 
havmg been produced by mcomplete combustion of 
ethanol durmg the process of soalmg the tubes 



JFig 6 Absorption spectra showing y bands of (0H-), 
protohaem + CO and of CO protohaem containing 60% 
v/vethanoL (Protohaem = 1 86 x 10^ m, 1=0 6 cm ) 

The magnetic subceptihiliiy of 
dthydroxyl urohaem 

The method of Gouy (1889) was adapted for use with an 
‘Alcomax’ permanent magnet giving a uniform field of 
10,600 gauss withm a gap of 6 mm The magnet was mounted 
on a jack so that it could be moved vertically with precision 
and without any lateral displacement of the magnet The 
magnet and jack were enclosed m a glass case and kept at 
constant temperature (20 5°) A nazrow glass tube (10 cm 
long, 2 mm mtemal diam and 0 3 ml capacity), fitted with 
glass suspending hooks at the open end and closed with a 
rubber cap, was hung on a platmum wire from the pan of the 
balance and weighed with its lower end between the polo 
pieces of the magnet The magnet was then lowered about 
26 cm by means of the jack, and the tube, now m a neghgible 
magnetic field, was weighed agam The mcrease m weight, 
Ata, was then similarly determmed (a) with the tube full of 
distilled water, (6) with the tube filled with the haem solution 


under mvestigation, and (c) with the tube filled with the 
solvent (1 e aU the constituents except the haemm) These 
ohangos in weight were each corrected for the change m 
weight of the empty tube Aw, and are represents as 
^“’hjOi “nd respectively 

The mass susceptibihty y of the solution was calculated 
accordmg to the foUowmg formula, derived from the equation 
given by Trew & Watkins (1933) 


10'x«ia 






J AWhjO <^ln '^toto ’ 


where yn,o> the mass susceptibihty of water = -0 72 x KM, 
K^, the volume susceptibihty of air = +0 0294 x 10^, 
and d =spooifio gravity 

The value of 10* XkIt similarly calculated and the 
mass susceptibihty of the solute (haem) was obtamed from 


Xioln. — ^Xlolated"(l c) y,o|y 

where c =wt of dissolved haemm/wt of solution 
The magnetic moment /ig (m Bohr magnetons) is then 
given by 

wherey =masssuaceptibihtyofhaem compound, IT =moLwt 
of haemm, 7’ = absolute temperature 

Urohaem was selected for these experiments instead of 
protohaem in view of its greater solubihty and the ease m 
bnngmg the reaction to completion The magnetic bus 
ceptibihties ofprotohaematm, dicyan protohaem and dioyan 
urohaem were also determmed by the same method This 
was done in order (1 ) to test the accuracy of the procedure, 
(2) to test the smtabiLty of the urohaem preparation for 
such measurements, and (3) to provide the data necessary 
for comparison with those obtamed for dihydrosyl urohaem 
The solutions were made up os follows 
Prolohaemattn Protohaemm (60 mg ) was dissolved m 
6 ml 0 2 n NaOH contauung obout 30 % sucrose (Paulmg A 
Coiyell, 1936) 

Dicyan protohaem Protohaemm (60 mg ) was dissolved 
m about 6 ml of the above sucrose NaOH solution KCN 
(300 mg ) and NajS.O, (100 mg ) were then added and the 
volume of the solution was made up to 10 ml with sucrose 
NaOH (This order was adopted to avoid the gelatmous 
precipitate which tended to form if the sohd haemm was 
added last ) 

Dicyan urohaem Urohaomm (20 mg ), KON (30 mg ) and 
Nn ^,04 (20 mg ) were dissolved m that order m 1 ml 1 % 
NsjCOj contamed m a small, stoppered, graduated bottle 
witii a narrow neck to minimiz e the air space above the flmd 
The solution was transferred by means of a Pasteur pipette 
to the magnetic susceptibihty tube which was completely 
filled and closed with the rubber cap These precautions to 
exclude contact with air were necessary on account of the 
extreme ease with which the reduced urohaem compounds 
are oxidized m air 

Dthydroxyl urohaem Urohaemm (20 7 mg ) and NajSjOi 
(20 3 mg ) were dissolved m 1 mh m NaOH, observing the 
precautions described above 

The results of these expemnents, which were 
earned out at 20 6° and which are summarized m 
Table 2, show that the Fe m dihydroxyl urohaem 
has a much higher magnetic moment than the Fe 
in dicyan urohaem The values obtamed for proto 
haematm and dicyan protohaem are m agreement 
with those given by Paulmg & Coryell (1936) for 
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Table 2 The values for Aw and specific gravity {d) of water, solvent and solution, and the molar susceptibility 
Xm magnetic moment (in Bohr magnetons) of protohaematin, dicyan protohaem, dicyan urohaem 
and dihydroxyl urohaem 

(Appros 30% suorose -miB used only in the case of protohaematm and dioyan protohaem ) 

Solvent 



NasSjOj 

KCN 

\ 

Alkah and 

Awh,o 

Compound 

(mg /ml ) 

(mg /ml ) 

sucrose 

Proto 

haematm 

— 

— 

30% snerose, 

0 2 N NaOH 

4142 

Dioyan 

protohaem 

10 

30 

30% sucrose 

0 2 X NaOH 

4 022 

Dicyan 

urohaem 

20 

60 

l%Na,CO;, 

2 633 

Dihydroxyl 

urohaem 

201 

— 

wNaOH 

244 


jlQ-B 

“H,0 

A<f«i» 

“•dr 

A^BOta 

“loln. 

lO’Xm 

Pb 

0 998 

4 2498 

1 1193 

3 048 

1 1223 

13,830 

6 722 

0 098 

4 0724 

1 1416 

4137 

1 1466 

0 

0 

0 998 

2 740 

1 0412 

2 631 

1 0446 

909 

1 46 

0 998 

2 70 

1 068 

1 673 

10646 

13,686 

6 672 


both compounda and by Haurowitz A Kittel (1933) 
for protohaematm The relatively high values 
obtained for both the urohaem compounds are 
probably due to some degree of cadation that 
occurred m spite of the precautions taken to avoid it 

DISCUSSION 

Tlie solubihty of a haemm derivative depends very 
largely on that of its parent porphyrm and the 
porphyrins differ greatly m the nature of their side 
ohams Carboxyl groups m general confer solubihty 
on the molecule so that uroporphyrm, witli its eight 
carboxyl groups, is the most soluble of the porphyrins 
Haematoporphynn, with — CH(OH) CH, groups m 
positions 2 and 4, is more soluble than proto- 
porphynn which has vmyl groups ( — CH=CH,) m 
these positions Haemm derivatives also differ m 
solubihty accordmg to the valency of theu iron Thus 
the ferrous compounds such as haem and haemo 
chromogen are less soluble than their feme forms, 
haematm and parahaematm It is also interestmg 
to note that CO haem is more soluble than free 
haem 

It IS well known that the solution or dispersion of 
molecular aggregates of a pigment is accompanied 
bj an mtensification of its absorption bands and by 
a more or less marked shift of these bands towards 
the blue end of the spectrum In fact, the addition of 
ethanol mtensifies the absorption bands of haems, 
and this intensification, which vanes mversely with 
the solubihty of the haem m dilute aqueous alkah, 
18 therefore more marked for proto than for haemato- 
haem and is very feeble m the case of uroliaem 
The conditions required for the formation of 
diln droxj 1 haem compounds are (o) a lugh concen- 
tration of alkali (1-1 33 n NaOH), and (6) a certam 
degree of solubility of the haem In the case of 
protohaem, which is relatively insoluble, the re 
qiured degree of solubihtj can onlj be obtamed by 
the addition of an appreciable amount of ethanol 
(up to 50 %) or of another water miscible soh^ent 


such as acetone or glycol monomethyl ether On the 
other hand, ethanol is not required for the formation 
of dihydroxyl-urohaem and, when added, hardly 



Fig 6 Absorption bands in the visible region of the spectmm 
of (OH~)j urohaem, urohaem (urohaem =1 253 x KM ii, 
I =0 5 cm ) and (CN')j urohaem (urohaem =6 61 x KM m, 
Z=0 26 cm ) 

affects the spectrum, as urohaem itself is very 
soluble m very dilute alkah In this respect haemato- 
haem occupies an mtermediate position between 
proto and uro haem Although dfiiydroxyl-haema- 
tohaem, with its characteristic absorption spectrum, 
may be formed m the complete absence of ethanol, 
the addition of the latter mtensifies its bands and 
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shifts them shghtly towards the red end of the spec 
trum This change is brought about by a simul- 
taneous mcrease m the solubility of the haematohaem 
m presence of ethanol and a decrease m that of its 
dihydroxyl compound 

Information as to the nature of the hydroxyl-haem 
compound was obtamed m two ways (1) Directly, 
by titratmg the haem with NaOH and determinmg 
its dissociation constant Tins showed that two 
hydroxyl groups were combmed with each atom of 
haem Fe (see Table 1 and Fig 4) (2) Indirectly, by 
comparing its properties with those of other haem 
derivatives such as haem, caffeme haem, haemo 
ohromogens, monooyan- and dioyan haem and 
monocarbylamme- and dicarbylamme haem The 
absorption spectra of dihydroxyl-haems and the 
correspondmg dioyan haems bear a strikmg re 
semblance to each other (Figs 1 and 6) This 
resemblance, which can be seen m the nsible and 
the violet regions of the spectrum, apphes to the 
general pattern of the absorption spectrum as 
reflected m the relative mtensities of the bands 
The fact that the general spectral pattern common 
to dihydroxyl haems, dicyan-haems and dicarbyl- 
amme haems differs so markedly from those of aU 
other haematm derivatives suggests that these 
compounds have similar structures 

Spectroscopic and potentiometno mvestigations 
(see Anson & Mirsky, 1926, Hill, 1929, Davies, 
1940, Shack & Clark, 1947) suggest that the struo 
tures of different haem (ferrous) compounds can bo 
represented as follows (m these schematic represen 
tations the hnes joimng the haem Fe to the reaotmg 
groups do not mdicate the nature of the valency 
bonds, the four valencies directed towards the 
pyrrole mtrogen atoms are omitted) 


Pe< 

\h.o 

\H,0 

Haem 

CO haem 

F6<^ 

\Pyr 

/CO 

Fe/ 

\Pyr 

Pyndme 

CO pyndme 

haemochromogen 

haemoohromogen 

\H,0 

/CN- 

Fe< 

^CN' 

(ON”) haem 

(CN"), haem 

/CN- 

Fe/ 

\Nio 

/CN- 

Fe< 

NCO 

ON" mcotme 
haemochromogen 

CO CIf~ haem 


By analogy with dicyan haem, the structure of 
dihydroxyl haem may therefore be represented as 

OH" 

OH" 


The study of Dh6r4 & Vegezzi’s (1916) compound, 
apart from its structural relationship with different 
haem derivatives, is important m two other respects 
(1) Optical and magnetic studies on different 
haematm compounds have suggested the existence 
of a certam empirical relationship between the pat 
tern of then* absorption spectra and the type of 
iron bondmg m each compound as determmed 
by magnetic susceptibihty measurements (TheoreU, 
1942 , Hiartree, 1947) In this respect the dihydroxyl 
urohaem presents a stnkmg exception Although 
the absorption spectra of dihydroxyl urohaem and 
dicyan urohaem are of the same pattern, the mag- 
netic measurements show fundamental structural 
differences IVhile the Fe atom m dihydroxyl 
urohaem m linked by lomc bonds, with the result 
that the compound shows the high magnetic moment 
characteristic of free haems, the bonds m dicyan 
urohaem are essentially covalent and the low mag 
netic moment brmgs it mto hne with the diamag 
netic liaemochromogens ha view of the strict 
analogies existmg between the corresponding 
compounds of different haems it is reasonable to 
assume that the results obtamed for urohaem may he 
taken to apply to dihydroxyl compounds of other 
haems (2) Strong alkalis, with or without ethanol, 
are often used m studymg the reactions between 
haems and different mtrogenous substances How 
over, unless one is farmhar with the absorption 
spectrum of dihydroxyl-haem and aware of its 
possible appearance dunng the course of the 
reaction, the mam absorption band of this compound 
can easily be mistaken for that of a partly developed 
haemo ohromogen, smce its strong )3 hand can he 
seen where the a band of the haemoohromogen is 
expected to appear This aspect of the problem will 
be discussed more fully elsewhere 

SUMMARY 

1 It IS shown that Dh6r6 & Vegezzi’s (1916) 
‘alkahne haemocliromogen ’ is a compound m 
which the haem non is combmed with two hydroxyl 
groups and it is therefore named dihydroxyl haem 

2 For the full formation of dihydroxyl proto- 
haem 1 33 N NaOH ^d 60% (v/v) ethanol are 
required Ethanol, however, can be replaced by other 
water miscible orgamo solvents such as acetone 
and glycol monomethyl ether, but not by dioxan 

3 In the case of haematohaem and urohaem the 
correspondmg dihydroxyl compounds can he ob 
tamed m complete absence of an orgamc solvent, 
although the absorption spectrum of dihydroxyl 
haematohaem is reinforced by ethanol 

4 The dissociation constant K for diliydroxyl- 
haematohaem is 0 264 at 20° 

6 The absorption spectrum of dihydroxyl haem 
differs markedly from those of haem, caffeme haem. 




465 


DIHYDROXYL-HAEM 


Vol 45 

haernochromogens and monocyan haem, but shows 
a stnkmg resemblance t6 those of dioyan haem emd 
dicarbylamine haem 

6 The bearmg of the similarity of the absorption 
spectra of dicarbylamme haem, dicyan haem and 
diliydroxyl haem on the structure of this compound 
IS discussed 

7 Dihydroxyl haem, unhke dicyan haem, is 
paramagnetic, and when treated with carbon 
monoxide gives CO haem 


8 The knowledge of the absorption spectrum 
and other properties of the ddiydroxyl haem com- 
pound IS of special importance for the study 
of the reactions between haems and mtrogenous 
compounds 

I wish to thank Dr R Hill, F R S , for Ins valuable 
suggestions and interest m this work, and Dr E F Hartree, 
for advice regarding the magnetic susceptibihty determi 
nations Thanks are also due to the Medical Research Council 
for a personal grant 
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The Semi-micro Estimation of Lactose Alone 
and in the Presence of Other Sugars 


By F H MALPRESS and A B MORRISON 
Department of Biochemistry, Queen’s University, Belfast 

{Received 13 April 1949) 


In the course of studies on the mtermediary meta 
holism of the mammary gland, and m particular the 
mvestigation of lactose formation m meubated 
tissues, it become necessary to devise unproved 
methods for estunatmg this sugar m the presence of 
glucose and glycogen The methods hitherto available 
for the estimation of small amounts of lactose, alone 
or m the presence of other sugars, are labonous and 
unsatisfactory^ Those normally used for estimating 
lactose m milk suffer from a lack of specificity which 
makes them valueless m any mvestigation where 
mixtures of sugars and related carbohydrates are 
likolv to bo found, while those designed for more 
general use relj on the complementary techmques of 
\*enst fermentation, for removmg fermentable sugars, 
and the use either of reduction methods or of a 
lactose fermentmg veast to gn-e the lactose equi- 
^ nlent of the residual fermented solutions (Grant, 


1935, Scott & West, 1936) Tlie apphcation of paper 
chromatography to the separation and characteriza 
tion of sugars m mixtures (Partridge, 1946, 1948), 
and the adaptation of this method to the estimation 
of sugars (Flood, Hurst & Jones, 1947 , Hawthorne, 
1947), are advances of great value, hut the techmques 
are tune consurmng and, for other reasons, firequently 
unsuited for routme work (see Westall 1948) 

In the hope of obtammg a method which would be 
more convement m practice and yet liave greater 
specificity than those ultimately dependent on 
estimations of reduemg power, the colour reaction 
given by lactose with methylarame m alkahno 
solution, first obsen’-ed by Fearon (1942) and later 
used m quahtative studies for detectmg lactosuria 
m pregnancy and the early puerpenum (Harwood, 
1946, Archer & Haram, 1948), has been developed 
mto a quantitative method Fearon found that the 


29 2 



466 


F H MALPRESS AND A B MORRISON 


1949 


TGaction "was not givon by othor sugars (oxcapt 
maltose), or by many other substances, mcludmg 
lactic and pyruvic acids, normally associated with 
carbohydrate metabolism Since maltose can readily 
be removed by fermentation the reaction clearly 
offered the possibihty of a specific estimation for 
lactose which might satisfy an urgent need m studies 
on the metabolism of the mammary gland 


EXPERIMENTAL 

Reagents 

Lactose Pure bactenological (Kerfoot) 
ileihylamxne hydrochloride Prepared from 40% methyl 
amme m water (L Light and Co , Ltd.) by neutralmng 
with HCl, evaporating the solution to diyness on a water 
bath, extraotmg with and reorystaUizmg from ethanol 
.Zinc hydroxide Prepared fixim zmo acetate by the 
method of Letonoff (1934) 


Estimation of lactose alone in aqueous solution 

The solution (8 ml containing 4-10 mg lactose) is pipetted 
mto a bodmg tube (6 x m ) and treated with 6 drops 
(0 32 mb) 10% (w/v) methylamme HCl solution The tube 
18 loosely stoppered with a glass cap and the mixture heated 
m a hoilmg water bath After heating for 7 mm and 6 see., 
0 4 ml of 4 4 n NaOH are added, and 10 see later the tube 
is removed from the bath and the contents mixed and 
allowed to cool m air The red colour develops in the 
stoppered tube dunng the course of the nest 2 mm , and is 
measured m a Spekker photoelectno absorptiometer uaing 
a spectrum green filter (Ilford no 604, 620 zay ) m conjuno 
tion with heat-absorbmg filters (Hilger H603) The solutions 
are read against water in the second cell and with the drum 
settmg imtially at vmity 

To ensure maximum colour development the estimations 
are earned out with stnot adherence to a time schedule 
They may be done convemently m an overlappm^ senes, 
when 8 or 7 may bo completed m 1 hr The full time scheme 
18 as follows for the first two members, A and B, of a senes 


0 sec 
16 sec 

7 mm 20 sec 
7 mm 30 sec 
9 mm 0 sec 
9 mm 16 sec 

9 mm 30 sec 


10 mm 46 sec 
16 mm 20 sec 


Add 6 drops 10% metbylaaune-HCl to A 
Place A m bodmg water bath and msert 
stopper 

Add 0 4 ml 4 4 it NaOH to A 

Remove A fixim bath 

Add 6 drops 10% methylamme HCl to B 

Place B m bodmg water bath and msert 

stopper 

Fdter A directly mto absorptiometer cell 
(This IS unnecessary m the case of simple 
aqueous solutions, but essential when salt 
solutions contammg Ca"*^ or are used, 
or when the estunations are on biological 
extracts) 

Measure A m absorptiometer 

Add 0 4 ml 4 4 n NaOH to B, and continue 

as outlmed above 


mcrease m concentration is less pronounced, and the method, 
although useful, is decidedly less accurate for solutions 
between 0 025 and 0 06 % (Fig 1) 



Fig 1 Cahbration curve for standard lactose solutions 



Fig 2 Investigation of factors afFectmg the estimation of 
lactose (0 1 % (w/v), cell 1 cm ), (a) strength of methyl- 
amme HCl solution, (6) time of heating, (c) strength of 
NaOH, (d) tune of addition of NaOH relative to removal 
from the water bath, (c) rate of development of colour 
after removal from the water bath, (/) absorption spectra 
of lactose compound O O end glucose compound 

X X 


Under these conditions the calibration curve for standard The results of an mvestigation mto the optimum con 
lactose solutions is Imear over the range 4r-16 mg (0 05— ditions of the reaction are given m Fig 2 The effects of 
® ^%), below this range the mcrease m the colour with altering the strength of the methylamme HCl solution (u). 
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the time of heating (6), strength of NaOH (c), tune of disonssed m this paper 6 n NaOH was used, from a reassess 
addition of NaOH relative to the time of removal from the ment of the method, hovrever, it wonld seem preferable to 
water bath (d), and the tune of estunating after removal use a shghtly weaker solution and 4 4 n NaOH is now 



Pig 3 Composite graph used m estimatmg lactose m the presence of glucose , curves for constant lactose concentra 

tion, equivalent (mg lactose) given m plain numbers, , curves for constant glucose concentration, eqmvalent (mg 

glucose) given m 'circled' numbers 


from the water bath (e) are shown, together with the visible 
absorption spectrum of the lactose compound (/) The first, 
third and fourth of these iiossible vanants are clearly critical 
and must bo stnctlv controlled. In the further work to be 


recommended The choice of the tune for adding the NaOH 
relative to removmg the tube from the water bath necessarily 
mvolves considerations of techmcal convemence, and al 
though there are mdications, both from experiment and 
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from an interpolation of partial curves {d), that the extinction 
values would be shghtly higher if the removal comcided with 
the addition of NaOH, the small gain m sensitivity would be 
more than offset by the mampulative mconvemence 

Estimation of lactose in the presence of glucose 
in aqueous solution 

When estimated m the same way, glucose gives a yellow 
colour instead of red, and it is therefore possible to estimate 
lactose in the presence of glucose, without prelimmnty 
fermentation, by measurmg the optical density at two wave 
lengths The additional wavelength selected (470 mp , Ilford 
no 602, used in conjunction with heat-absorbmg filters, 
Hdger H603) gives appreciable, but suboptunal, absorption 
for glucose alone (see absorption spectrum. Fig 2 (/)), and 
comcides approximately with a pomt of relatively low 
absorption for lactose 

From the results giien by a senes of standard mixtures 
covermg the range lactose 0-20 mg , glucose 0-24 mg , 
curves are drawn, by plottmg the extmction at 620 mp. 
against the extinction at 470 mp,, relatmg these values to 
constant lactose concentrations measured m the presence of 
vaiymg glucose concentrations (Fig 3) From these curves 
lactose values may be read directly for any pair of extmction 
values The method mtroduces a source of subjective error 
in the need for mterpolatmg values between the standard 
curves thus obtamed Interpolation is made on hnos parallel 
to the transverse curves (broken Imes m Fig 3) connectmg 
pomts of the same glucose content on the different lactose 
curves These transverse curves clearly allow the aunul 
taneouB determination of glucose m the solutions by a 
similar process of mterpolation, this time along Imes parallel 
to the standard lactose curves The foUowmg examples may 
be demonstrated on Fig 3 

Example I Extmction 520 mp, =0 200, extmction 
470 mp =0 240 These readmgs give a pomt on the mtersect 
oftheGmg standard lactose curve and the 9 mg transverse 
glucose curve, and mdicate a solution contaimng 6 mg 
lactose and 9 mg glucose 

Example II Extmction 620 mp. =0 272, extmction 
470 mp =0 238 These readmgs mvolve mterpolation for 
both the lactose and the glucose values, and give the 
result, 7 2 mg lactose and 6 mg glucose 

Sensitivity of the method 

For simple solutions of lactose the accuracy of the method 
m the most favourable range (0 05-0 2%) falls well withm 
±5 % In the presence of glucose the accuracy vanes with 
the relative amoimts of the two sugars, and the direct 
apphcation of the method is not recommended, except for 
quahtative work, for solutions contaimng less than 0 06% 
lactose, or for any solution contammg more than 0 16% 
glucose In such cases prehnunary fermentation should be 
earned out and the lactose detemuned alone m the fermented 
solution It IS our expenence that m the range suggested 
here lactose can be estimated with an acouraiy of ±5%, 
the glucose value is much less accurate (Table 1) 

Estimation of lactose in the presence 
of glycogen 

Solutions of ^ycogen give a strong opalescence when 
treated accordmg to the standard method, and it is essential 
to remove glycogen before the estunatioii. This is done 
by precipitation with an equal volume of ethanol 
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After standmg for 6 mm the solution is filtered and smtable 
samples of the ethanohe filtrate transferred to boihng tubes, 
the solutions are evaporated to dryness on a water bath, the 
residue dissolved as far as possible m 8 ml distilled water 
and the estimation earned out as m the standard method. If 
salts are present it is necessary to adjust the pH of the 
solutions to between 7 0 and 7 4 before drymg, m order to 
prevent decomposition or charring of the sugar 


Table 1 Recoveries of lactose from lactose-glucose 
solutions of varying composition 


Lactose 

Glucose 

Lactose 

Glucose 

Lactose 

present 

present 

found 

found 

error 

(mg) 

(mg) 

(mg) 

(mg) 

(%) 

1 8 

06 

1 6 

09 

-11 

1 8 

1 8 

1 6 

22 

-11 

1 8 

60 

1 6 

60 

-11 

24 

1 2 

22 

1 9 

- 8 

24 

24 

23 

27 

- 4 

24 

60 

20 

63 

-17 

30 

12 0 

20 

112 

- 3 

30 

16 0 

30 

13 7 

0 

60 

90 

60 

70 

0 

60 

240 

60 

20 0 

0 

18 0 

60 

16 8 

22 

- 7 

18 0 

12 0 

17 6 

86 

- 2 


Estimation of lactose in solutions containing soluble 
nitrogen (tissue 'incubates') and salt mixtures 

Colour development is partially inhibited m tissue 
‘meubates’ unless such solutions are previously depro 
temized The use of strongly acid or alkahne reagents for 
deprotemization would clearly compheate the subsequent 
estimation, and m the search for a neutral precipitant mo 
hydroxide (Letonoff, 1034) was tned and found most 
satisfactory It has the additional advantage that its use 
mvolves no alteration m the volume of the solutions treated 
and no dumnution of the lactose content Approximately 
0 1 g Zn(OH)_ IB added/30 ml of solution, and the mixture 
is allowed to stand for 6 mm and then filtered The filtrate 
IS used for the estimation without further treatment The 
addition of Zn(OH)j may be omitted when glycogen is 
present, smee the ethanol also precapitates the protem 

Solutions pre treated with Zn(OH),, or solutions con 
tammg Ca"*^ or Mg"*^ (e g Rmger phosphate solution), give 
a precipitate of insoluble hydroxides when NaOH is added 
dunng the estimation In such oases the solutions are 
filter^ through Whatman no 1 filters at 9 min 30 see (see 
time scheme for method) 

DISCUSSION 

We have extended Fearon’s (1942) observations on 
the specificity of the lactose methylamme reaction 
and find that, in addition to maltose, cellobiose 
and certam lower dextnns give a similar colour 
The dextnns are only slowly fermented by 
brewer’s yeast and are thus readily distmguishable 
fi-om maltose which is rapidly fermented A limited 
mvestigation of their reduction values before and 
after acid hydrolysis, usmg the method of Somogyi 
(1946), gave ratios of approximately 1/6 It seems 
probable, therefore, that the specificity of the 
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reaction extends to disacchandes and lower poly 
saccharides containing the 1 4 glycosidic linkage, 
irrespective of their stereochemical relationships 
In agreement with this, sucrose (1 2) and mehbiose 
(1 6) fail to give the reaction, as do the tnsac- 
chandes rafiSnose and melezitose 
The method seems to offer scope for further 
apphcation to mixtures of lactose with other sugars, 
either by direct measurement — ^when the contami 
nating sugar gives no colour (raflSnose) — or by 
measurement at two selected wavelengths, when 
mterfermg colours are produced (galactose) Estima 
tions m the presence of maltose or lower dextnns 
may be made sifter preliminary fermentation with 
brewer’s yeast, though the slow and variable fer 
mentation rates of the latter, presumably to be 
associated with differences m the degree of poly- 
merization of the dextnns capable of givmg a red 
colour, may present special difBculties When 


ceUobiose is present an approximation to the correct 
lactose concentration can be made by first actmg 
upon the solution with emulsm, which hydrolyses 
j8 glycosides much more rapidly than lactose 

SUMMAilY 

1 A method is described for the serm micro 
estimation of lactose , modifications are given for its 
apphcation to solutions containing lactose m the 
presence of glucose and glycogen, amd m tissue ex- 
tracts, and more general recommendations made for 
its use when other contaminating sugars are present 

2 The method is most sensitive for lactose con- 
centrations m the range 0 06-0 2 % 

We wish to express oar thanks to Prof D C Heumson for 
his interest in the progress of this work and to Dr Q H. 
Gibson for valuable suggestions with regard to the graphical 
presentation. 
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Displacement Chromatography on Synthetic Ion-exchange Resms 

4 THE ISOLATION OF GLUCOSAMINE AND HISTIDINE 
FROJI A PROTEIN HYDROLYSATE 

By S M PARTRIDGE 

Loro Temperature Station for Researeh »n Biochemistry and Biophysics, University of Cambridge 


(Received 21 

In Part 3 of this group of papers (Partridge, 1949) 
the fractionation of the hydrochloric acid hydrolj sis 
product of commercial egg alhumm was described 
A displacement chromatogram, using a column 
packed unth ‘ Zeo Karb 215’ sliowed the presence of 
se\ en discrete bands each of which contamed simple 
mixtures of ammo acids Tliese were identified by 
camung out partition chromatograms on filter paper 
bv the method of Consdcn, Gordon A, Martm (1944) 
Band contamed histidme together with an un- 
knowTi basic substance Dus substance has now been 
identified as glucosammo and both glucosamme and 
histidmo have been isolated from the ammo acid 
mixture m a pure condition Die amount of glucos 
amine m the liv droh sis product is v erj small and its 
ongm is probablj the ov omucoid contamed m wlute 


ipril 1949) 

of egg Histidme IS also present m small amount, the 

content of this ammo acid m crystalhne ovalbumm 
bemg about 2 4% (ChibnaU, 1945) 

The following is the order m which the more basic 
ammo acids appear m the effluent from a column of 
'Zeo Elarb 215’ when ammoma solution is used as 
the displacement dev eloper leucme, histidme, 
glucosamme, lysme, ammoma The affimty of 
glucosamme for the resm is not much greater than 
that of histidme, and separation is only partial with 
columns of normal length It has been pomted out 
(Partridge & WestaU, 1949, Davies, 1949) that when 
the displacement developer is a free base, the order 
of displacement reflects the abihty of the stronger 
bases to control the pH of the aqueous phase and 
thus to depress the catiomc form of the weaker bases 
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Davies (1949) shows that the controlling equilibnum 
m the case of the ammo acids may be represented by 

A+;FiA±+H+ (1) 

In addition, there may be two further factors 
affectmg the adsorption of an amin o acid by the 
ream (a) van der Waals forces between the resm and 
the cation A"*" or the neutral molecule A^, and 
(6) the affimty of the cation for the ream will be 
greater the higher its valency 

It IS clear, therefore, that hy altermg the environ 
ment of the ions m the ambient phase it would be 
possible to exaggerate the effect of one of these 
mechanisms at the expense of the others and thus to 
produce conditions m which the order of displace- 
ment IS altered Thus, by usmg a dilute solution of 
a salt as displacement developer the pH of the 
ambient flmd would be lowered and equation (1) 
would he entirely to the left (m so far as umvalent 
cations are concerned) This has been made use of to 
secure the separation of glucosamme from histidme 
When a solution of a salt flows tluough a column 
containing an adsorbed rmxture of amin o acids, 
the cations of the salt are adsorbed and the anions 
are released together with the cations of the dis 
placed amino acids The high acidity thus set up 
results m the mechanism dependmg upon equation 
(1) becoming moperative and the mutual displace- 
ment of the ammo acids is thus controlled by 
mechanisms (a) and (6) only In tins case, as would 
be expected, the bivalent cations are strongly 
adsorbed and the observed order of displacement 
where 0 1 m sodium chloride is used as the displace 
ment developer is as follows glucosamme, Na'*', 
leucme, histidme, lysme The afiSmties of Na"*" and 
the leucme cation are very sumlar, but with long 
columns the Na'*" band tends to overtake that due to 
leucme Lysme and histidme are much more strongly 
adsorbed than Na'*', and the sodium band overruns 
these two amm o acids and shows httle tendency to 
cause their migration down the column by elution 

METHODS 

Comparison of the effects of sodium chloride and sodium 
hydroxide solutions as displacement developers 

The behaviour of the two displacement developers 
was compared directly by settmg up two small 
identical columns and analysmg with each the same 
sample mixture of bases 

The colniniis each contamed 2 g of air dned ‘Zeo Karb 
216’ (80-100 mesh/m , height of column 6 1 cm ) Before 
use the columns were treated alternately several times with 
2N-HC1 and 2 n NaOH In both cases the mixture of 
solutes run through the column (m its hydrogen form) was 
histidme, 0 1 m, 10 ml , glucosamme hydrochloride, 0 1 m, 
10 ml., glycme, O iM, 10 ruL 

Coluiim(l) wasdevelopedbydisplaoementwithO In NaOH 
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apphed at a rate of 1 ml /mm The eflSuent was collected m 
3 ml fractions, 34 fractions bemg collected m all A filter 
paper chromatogram was set up usmg a drop of solution 
fixim each fraction and the results are shown diagram 
maticaUy m Pig 1 a 

Column (2) was developed by passmg at first a solution of 
NaCl (0 06 m) at a rate of 2 ml /mm A portion of the effluent 
(46 ml ) was allowed to pass before commencmg to collect 
fractions After 34 fractions (each of 3 ml) had been collected 
the reservoir containing NaCl solntion was replaced by one 
contnmmg O 1 N-NaOH and the experiment was contmued 
until a further 26 fractions had been taken The composition 
of the effluent was analysed by paper chromatography as 
before and the results are shown m Fig 1 b 

The effluent solution at first contamed HCl arising by 
removal of the cations from the NaCl solution, but when the 
column became saturated with cations the hydrogen ion 
concentration of the effluent fell rapidly and hydrochlorides 
of glycme and glucosamme appeared Between fractions 
10 and 14 (Fig 1 h) glucosamme and glycme hydroohlonde 
were replaced by NaCl and the free acidity of the effluent fell 
to less than 0 001 n On replacmg the reservoir by one con 
taimng NaOH the residual NaCl solution was rapidly dis 
placed and salt-free water flowed frem the column until the 
appearance of the histidme band 

In order to collect data for the design of a suitable 
experimental procedure for the isolation of the com 
ponents of the histidine glucosamme band obtamed 
m the primary separation, the experiment described 
above was repeated several times with small 
venations m the procedure The results of these 
experiments may be summarized as follows 

{a) Replacement of glycine hy leucine The expen 
ment illustrated m Fig 16 was repeated with 
leucme m place of glycme The chromatogram 
showed a good separation between glucosamme and 
leucme, the leucme front almost comcidmg with that 
due to sodium chloride Tlie leucme band had a very 
diffuse rear boimdary, showmg that, under the con 
ditions of the experiment, the affimties of the leucme 
and sodium ions for the resm were similar A small 
part of the leucme was not eluted from the column 
by the volume of sodium chlonde solution apphed, 
and this appeared as a sharp but narrow band m 
front of the histidme band when the histidme was 
displaced by sodium hydroxide solution 

(6) Effect of increasing the concentration of sodium 
chlonde The sodium chloride concentration was 
mcreased to 0 1 m and the chromatogram compared 
with that shown m Fig 1 6 The result showed that 
while the glucosamme band was relatively shorter, 
and the glucosamme content of the effluent corre 
spondmgly higher, the leadmg edge of the band was 
very diffuse This effect was probably due to the 
tendency of glucosamme to be eluted by the higher 
concentration of hydrochloric acid present 

(c) Effect of replacing the sodium hydroxide solution 
by ammonia (0 In) The resultmg chromatogram 
showed an improvement m the sharpness of the 
histidme band Smee the use of sodium hydroxide 
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leads to difficulties where larger columns are em 
ployed, dilute ammonia solution was adopted for 
all further experiments 

(d) Effect of increasing ihe column length The 
experiment was carried out usmg glucosamme hydro 
chloride, leucme and histidme as the experimental 
mixture The mcrease m column length was about 
26 %and the chromatogramshowed an improvement 
m the separation of glucosamme and leucme It was 
considered tliat the extra column length allowed the 
sodium band to overtake that due to leucme, with 


grams earned out on the mixed solution showed tlus 
to contam histidme and the ‘ umdentified substance 
together with smaller quantities of leucme, lysme 
and cystme 

Identification of glucosamine 

The umdentified substance was observed to have 
Rp values m a number of different solvents close to 
those given by glucosamme Smee the ammo sugar 
gives a good colour reaction with ninhydrm and is 
known to occur m the ovomucoid of white of egg, the 


Oltplaccmenc with 01 N N»OH 


N>OH 


j/ Hlttldine I 

y Glucosamine 1 


X Glycine 




10 12 I'l 16 18 20 22 2-4 26 28 30 32 34 36 38 -40 
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Fig 16 

Fig 1 a. Composition of the effluent firom a column of *Zeo Karb 216’ on displacing a mixture of glyome, glucosamme, 
and histidme with 01 k NaOH 6, Composition of the effluent obtained by displacmg the ammo acid mixture first 
with 0 06k Naffi foUowed by 0 Ik NaOH 


the result that a narrow zone of sodium chloride was 
mterpolated between the glucosamme and the 
mixed sodium ohionde leucme hands 


Primary fractionation of the protein hydrolysate 

A sample of commercial egg albumm (moisture 
13 8%, ash 3 4%, 40 g) was hydrolysed with 
N hyrdrochloric acid It was then treated with char 
coal and fractionated on a column of ‘ 21eo Karb 216 ’ 
exactly' as described m Part 3 of this senes (Partndge, 
1949) Usmg the filter paper chromatogram as a 
guide, tliroc fractions of the effluent (each of 47 ml ) 
were comhmed together so ns to compnse the whole 
oftheliistiduiobnnd Further filter paper cliromat-o- 


identity of the two substances was probable Like 
glucosamme, the unknown substance was shown to 
yield brown spots on cliromatograms sprayed with 
ammomacal silver nitrate and cherry red spots with 
the Elson & Morgan (1933) reagents (cf Partndge, 
1948) Further cliromatograms were earned out m 
phenol, collidme and butanol acetic acid mixture m 
which the unknown substance was compared directly 
with authentic glucosamme, and these confirmed the 
identity 

The onlx naturally occumng ninhydrm reacting 
substance known to ha\ e Rp \ alues close to glucos 
nmme m these three soh ents is chondrosamme, but 
separation may be obtamed between these two 
ammo sugars on filter paper cliromatograms by pro 
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longed UTigation with coUidine (cf Amin ofF & 
ISIorgan, 1948) A few tnals were required m order to 
deterrome satisfactory conditions for the separation 
ofthe two ammo sugars, and the foUowmg procedure 
was finally adopted A strip of Whatman no 1 filter 
paper was cut to a pomt at one end and spots of 
glucosamme hydrooblonde, chondrosamme hydro- 
chloride, the unknown mixture and a mixture of the 
authentic ammo sugars were apphed to the startmg 
Ime WTien the spots were dry, a drop of concentrated 
ammoma solution was put on each of the spots and 
allowed to dry off The chromatogram was then 
irrigated for 42 hr with coUidme, allowing the solvent 
to drip off the pomted end of the paper On diymg 
and spraymg with ammomacal silver nitrate or the 
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A dilute solution of sodium chloride (0 06ai, 
200 ml ) was apphed at a rate of 2 ml /min and the 
effluent was collected m 20 ml fractions A further 
quantity of more concentrated sodium chlonde 
solution (0 1 m, 400 ml ) was then apphed, after which 
the column was washed with water (5-10 ml ) and 
the reservoir changed for one containing 0 16 n 
ammoma This solution (150ml) was apphed at 
a rate of 1 ml / m in and the effluent collected m 
10 ml fractions 

Fig 2 shows the filter paper partition analysis of 
the effluent fractions A good separation was oh 
tamed between glucosamme and leuome and between 
histidme and lysme, but the histidme fraction was 
contammated by a httle cystme A senes of very 
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Fig 2 Further fractionation of the histidme glncossmine band obtamed m the primary separation of the protem 
hydrolysate The chromatogram shows the result of displacing the nurture from a column of ‘2feo Karb 215’ with 
an mcreasmg concentration of NaCl followed by ammonia solution 


Elson & Jlorgan (1933) reagents a clear separation 
was obtamed between the two ammo sugars, and 
chondrosamme was seen to be absent from the 
unknown mixture 

Isolation of glucosamine and histidine from hand VI 
of the primary separation 

The filtration tube was 13 mm m diameter and 
contamed 10 g (dry wt ) of ‘Zeo Karb 215’ (80—100 
mesh/m ) The column was prepared by alternate 
treatment with 0 16 n ammoma and 2 n hydro- 
chloric acid m order to compact the bed (height 
occupied by the resm, 18 0 cm ) The mixed solution 
obtamed from band VI of the primary separation 
(140 ml ) was apphed to the column at a rate of 
1 6 ml /mm and the column was then washed with 
10-20 ml water Smce the primary fractionation 
was earned out by displacement with 0 16 n 
ammoma the concentration of bases m the mixed 
solution of band VI was about 0 09 m (cf Part 1 of 
this senes, Partndge, 1948), and thus the expen- 
mental mixture was sufficient to saturate rather less 
than half the new column (Part 1, fig 3) 


famt spots due to phenylalanme was noticed on the 
paper chromatogram The bulk of this ammo acid 
was removed by the prehmmary charcoal treatment 
of the protem hydrolysate and it had not been 
observed m previous chromatograms earned out on 
the experimental solution, however, its appearance 
m the histidme band was probably due to the con 
centration of small traces by the chromatographic 
procedure Fractions 9-12 (glucosamme hydro- 
chlonde) and 43-46 (histidme) were set aside for 
concentration and crystallization 

GryslaUnation of glucosamme hydrochloride The 
mixed editions 9-12 (80 ml ) were evaporated to 
small bulk under reduced pressure and the syrup 
diluted with about 4 vol of methanol The solution 
was then warmed, and warm acetone added until 
crystallization commenced On coohng, a heavy 
crop of crystals separated (small prisms) Yield, 
0 167 g , ash, 0 7 % , N, 6 40 % (calc for CeHuOBNCl, 
N, 6 53%), [a]j +74 (1 dm , c, 16m water), yield 
as percentage of protem dry wt , 0 47 A chromato 
graphic analysis of the product showed it to be free 
from amin o acids 
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Crystalhzatxon of histidine Tlie mixed fractions 
43-46 (40 ml ) were concentrated to about 10 ml 
under reduced pressure and the solution stored at 
+ 2° overmght It was then filtered to remove a light 
precipitate which was probably cystme A small 
amount of charcoal was added and the solution 
warmed It was then refiltered and the evaporation 
contmued until a few cr j'stals appeared m the liquid 
An equal volume of warm ethanol was then added 
and a dense feltwork of crystals appeared on coohng 
Yield, 0 303g , ash, 0 3%, N, 26 6% (calc for 
GjH.OjN, N, 27 1 %), [ali'^-32 6 m water (c, 2 3, 
1 dm ) , yield as percentage of protem dry wt , 0 92 
Chromatographic analysis showed the product to be 
hoe ficom other ammo acids 

DISCUSSION 

The separation described above illustrates a pomt 
that has already been stressed m Part 3 of this series 
(Partridge, 1949), namely, that fractionation by dis 
placement from an lon-exchange column has an 
advantage not possessed by the process of distillation 
from a fractionatmg column which it otherwise 
resembles m the chromatographic teotmique it is 
often possible to alter the adsorption afllmty of 
a solute by altenng the emnronment m which the 
adsorption takes place, thus a primary separation 
may be earned out m order to divide the components 
mto a senes of small groups, and each group may 
then be separated farther by a secondary fractiona 
tion earned out with an alteration m experimental 
conditions calculated to produce a differential 
alteration m adsorption affimty 
Two distmct methods of usmg lon-exchango reams 
m displacement chromatography have been de 
senbed here, displacement -with a free base and dis 
placement with a salt, the substitution of one 
method by the other leads to a remarkable change m 
the order m which the components leave the column 
The differential techmque has been used m this cose 
to separate a umvrdent base, glucosamine, from 
a complex ampholyte, histidme, hut, although no 
further experiments on these hnes have yet been 
attempted, it is clear that a similar techmque could 
be apphed to other separations m which the com 


ponents ore either different m charge structure or are 
well separated m a homologous senes 

The isolation of glucosomme from a protem con- 
tammg it m small amount has a special mterest smee 
many proteins are known to contam small quantities 
of hexosammes Isolation by conventional pro- 
cedures IS a difficult matter, and although the 
hexosamme content of a protem may be estimated 
readily by colonmetno or other methods, none of 
these differentiates one hexosamme from another 

The yields of both glucosarmne end histidme 
obtamed m these experiments were low, probably 
not exceedmg 40 % m either case, but a large part of 
the loss occurred durmg the final process of crystal 
hzation which was earned out with 160-300 mg of 
matenal Higher yields should be obtamable by 
mcreasmg the scale 

SUMMARY 

1 Glucosamme has been identified as a con 
stituent of the hydrolysis product of commercial egg 
albumm 

2 A primary fractionation of the hydrolysate 
earned out by displacmg the components of the 
mixture from a column of ‘ Zeo Khrb 216 ’ by means 
of dilute ammoma solution yielded a mixed band 
contammg glucosamme and histidme together with 
other ammo acids m small amount 

3 Tile components of the mixed band were agam 
displaced from a smaller column of ‘ Zeo Karb 215’ 
usmg dilute sodium chlonde solution as the dis 
placement developer Glucosamme was displaced 
and was recovered m a pure condition as the hydro- 
chloride Histidme remamed m the column 

4 The histidme was displaced from the column 
by means of ammoma solution and was recovered 
as the free base m a substantially pure condition 

6 The pnnciple underlymg the separation is dis 
cussed briefly and possible apphcations to other 
systems are pomted out 

The work deaenbed m this paper was earned out as part of 
the programme of the Food Investigation Organization of 
the Department of Soientifio and Industnal Research The 
author wishes to acknowledge the assistance of Mr D F 
Elsden 
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IMorpbological studies of the blood of infants and 
adults have been faurly numerous, but functional or 
chemical comparisons have been rare The circulatmg 
blood at birth has been shown to contam two lands 
of haemoglobm, an infantile type which comprises 
four fifths of the whole and winch is relatively 
resistant to alkalme denaturation, and the adult 
type winch makes np the remammg fifth (Hanrowitz, 
1930, 1936, Brmkmann & Jonxis, 1936) Immuno- 
logical differences between the adult and infant 
haemoglobins were detected by Darrow, Nowakov 
skj’- & Austm (1940) Vfiutby iS- Hjmes (1936) found 
that concentrations of sodium chloride, which caused 
no liaemolj'His of adult red ceUs, readily haemolysed 
a proportion of the cells of a sample of mfant blood 
A concentration of sodium chloride, however, 
sufficiently dilute to cause total haemolysis of normal 
adult cells, did not disrupt all the cells m a sample of 
infants’ blood Such samples therefore contamed 
some cells winch were more and others less firagile 
than normal adult cells MoUison (1948) compared the 
sum\ al time m the infant circulatio'n of red cells 
taken from cord blood with that of cells taken from 
an adult vem He found that cord red ceUs dis 
appeared at nearly twice the rate of the adult 
ceils durmg the 10 days folio wmg transfusion 
Stevenson (1943) estimated the carbomc anhydrase 
activity of infant and adult red cells and found it to 
be low m the former, and stiU lower m red cells 
obtamed from premature infants, and Anselnuno 
& Hoffmann (1931) claimed that the catalase activity 
of red cells derived from full-term infants was higher 
than that of maternal red cells If all the morpho 
logical, physiological and chemical evidence is taken 
together it would appear that the red cells of an infant 
are a more heterogeneous population than those of 
an adult 


The present work was undertaken to compare the 
enzyme activities of the serum and erythrocytes of 
the newborn and adult human The true and pseudo 
cholmesterase of the serum have been mvestigated, 
and m the erythrocytes true ciiohnesterase, gly- 
oxalase, carbomc anliydrase, catalase and acid 
phosphatase 

IVIETHODS 

Preparation of serum and red cells Blood was taken 
from the placental end of the divided umbdioal cord or hy 
puncturing the umhihcal vessels with a laige bore needle Two 
samples were collected m sterde glass tubes or small bottles, 
one for the preparation of semm and the other, received 
mto a few mL of a solution containing 1 g of sodium citrate 
dissolved m 100 ml 0 9 % (w/v) NaCl, for the separation of 
red ceUs The specimens collected to provide serum were 
centrifuged as soon as the fibrm clot had separated Hae 
molysed sera were not mvestigated The oitrated sample was 
centrifuged and the plasma remoi ed The cells were washed 
once with an equal vol ofO 9%(w/v)NaCl,8n8pendedmO 9% 
NaCl and covered with a layer of hqmd paraffin In all 
mampulations care was taken to avoid bacterial oontaimna 
tion Boththe ceUsand the sera werestoredmthedarkat +4° 
until required Keihn Wang (1947) have shown that the 
activity of the enzymes under mvestigation was reduced 
by a very small amount when blood was s imila rly stored 
for many years, and no evidence of any loss of activity was 
found m the present work 

Cholinesterase was estimated in Warburg manometers at 
37° Two substrates were used (o) 0 136m acetyloholme 
ohlonde, and (6) 0 18m acetyl ^ methyl ohohne Ike latter 
is said to be hydrolysed only by the so called true oholm 
esterase (Mendel, Mundle & Bndney, 1943) Smoe pseudo 
cholmesterase m human blood is thought to be confined to 
the serum, and the true enzyme alm ost entirely to the red 
cells, it seemed permissible to use the unspeoifio acetyl 
chohne ohlonde as substrate for the serum enzyme 

The quantities of the reacting substances used to estimate 
cholmesterase activity are set out m Table 1 In each case 


Table 1 Quantities of reactants used in W arburg flasLs to estimate blood cholinesterase activity 


Enzyme 

Serum pseudochohn 
esterase 

Serum true oholm 
esterase 

Red cell true cholm 
esterase 


Side bulb oontammg 
substrate 

0 136 m Aoetylohohne 
ohlonde, 0 6 ml 

0 18m Acetyl B 
methyl oholme, 

0 6 mL 

0 18m Acetyl p 
methyl ohohne, 

0 6 ml 


Mam compartment 
Serum, 0 1 ml , *Rmger bicarbonate, 
0 9 ml 

Serum, 0 6 ml , 0 03 m NaHCOj , 
06ml 

Lysed red cells, 0 2 ml , *Rmger 
bicarbonate, 2 3 ml 


* Bicarbonate solution of Krebs & Henseleit (1932) 


Umt of activity 
pL COj/mm /mb semm 

fjl COj/mm /mL serum 


;J COj/mm /mg Ee 



466 


Vol 45 ENZYME ACTHTTIES IN THE BLOOD OF INFANTS AND ADULTS 


the manometers rvere gassed with n mixture of 6 % CO, and 
95% of 0, (v/v), and eqruhbmtcd until two successivo 
readmga were constant. With the quantities of reactants 
given, CO, evolution was a Imear function of time over the 
period of the experiment Readmgs were taken at 2 6 nun 
mtervals for 15 nun except when the true chohnestemse 
was bemg estimated m the serum Readings were then taken 
at 10 mm mtervals for a penod of 1 hr 

Column 4, Table 1, defines the umt of activity employed 
In the red cells iron was estimated by the method of Lyons 
(1927), described by SIcCance, Widdowson L Shaokleton 
(1936), and the activity of the enzymes was calculated/mg 
of Fe 

Glyoxalase activities were measured m Warburg mano 
metra at 37° 0 6 ml of a 0 0139 m solution of methyl 
glyoxal, which had been neutralized m bulk with a few drops 
of Na,C0,, was used ns substrate The mam chamber of the 
Warburg flask contamed 0 1 ml of diluted lysed rod ceU 
solution, 0 66 ml of Rmger bicarbonate (Krebs & Henseleit, 
1932) and 0 25 ml of 0 38 % glutathione The gas apace was 
filled with a mixture of 6% CO, and 95% 0, (y/y) After 
equdibration six readmgs were taken at 2 6 mm mtervals 
over which period CO, evolution was Imear The results were 
based on the iron content of the sample and the activity was 
expressed m pi CO, evolved/mm /mg Fe 

Carbontc arihydratt activity was measured by the 'boat' 
method of Meldrum & Roughton (1933) Eipemnenta were 
conducted at 16 0±0 2° The activity was calculated firom 
the formula given by the authors, and the result was 
expressed mtheir arbitrary units/mg Fe m the sample of red 
cells under mvestigation 

Catahee, George (1947) showed that m the reaction 
between catalase and H,0,, 0, evolution takes place m two 
phases An initial rapid phase, of about 30 sec duration, is 
followed by a slower phase He claimed that the rate of O, 
formation in the rapid phase was proportional to the enzyme 
concentration These observations formed the basis of the 
method employed to compare the activity of catalase m 
adult and infant red cells The Meldrum A Roughton (1933) 
‘boat’ apparatus was used. 1 6 mk of 0 2 M phosphate 
bufier, pH 6 6, and an equal voL of dduted lysed red ceU 
solution were added to one side of the boat, and 1 6 ml of 
0 4m H,0, to the other After a penod for equdibration with 
temperature and pressure, the ‘boat’ was shaken violently 


m the apparatus and the 0, evolution followed to completion 
manometncally Expenmente were performed at 16 0 ± 0 2° 
Expenments m which water was substituted for the red cell 
solution showed an msigmficant O, evolution 'The blank 
Value was therefore neglected 0, evolution over the imtial 
rapid phase of the reaction was Imear for about 30 sec All 
the resnlte wore calculated from the pressure diflference after 
20 sec The results are expressed/mg of Fe m the solution of 
ted cells under mvestigation 

Acidphoiphatase was estimated m red cells by the teohmque 
of Kmg (1047) The unit of actmtv used is a modification of 
that defined by Kmg, Wood A Delory (1946) and represente 
mg of phenol hbemted under the conditions of the orpen 
teent m 1 hr /mg Fe m the sample of red cells under 
Investigation 

Haemoglobin was estimated by the method of Gibson 
A Hamson (1946) 

RESULTS 

A summary of the results obtamed for the seven 
enzymes exammed is set out in Table 2 The mean 
activity of each enzyme, with the exception of acid 
phosphatase, was lower m infancy than m adult hfe 
The differences were statistically significant In the 
case of the red ceU acid phosphatase there was no 
Sigmficant difference between the mean values of 
the adult and infant group 

The values recorded for carbomc anhydrase con- 
firmed the finding of Stevenson (1943), who showed 
the activity of infant blood to be lower than that of 
the adult, and although the unit used by him was not 
identical with that of the present work the difference 
Was m the same ratio (roughly 1/3) We also con 
firmed his observation that the activity of the red 
cells m some newborn mfants is almost immeasurably 
low He also stated that the carbomc anhydrase 
activity of the erythrocytes of premature babies 
(1600 g or less) was low when compared with the 
corresponding values m fuU term mfants In the 
present senes the birth weights vaned between 2160 
tad 4470 g , but there was no evidence that a low 


Table 2 Companson of enzyme activities in serum and red cells of adult and cord blood 


Enzyme and unit of activity 

Age and no 
of samples 

ilean activity 
and S E 

t 

Degree of 
significance (P) 

Serum paeudoohohnegteraBe 

CO,/ml /mm 

Adult 24 
Infant 24 

76 7 ± 2 82) 

60 2 ± 2 94) 

643 

<0 001 

Serum true oholmesteraBe 

Umt=fd CO,/mL/mm 

Adult 24 
Infant 24 

1 053± 0 0561 

0 827 ± 0 0431 

3 22 

<0 005 

Red cell true cholmesterase 
Hmt=fiLCO,/mg Fe/mm 

Adult 11 
Infant 24 

48 31 ± 6 491 

32 90 ± 194) 

33 

<0 005 

Bed cell carhomo anhydrase 

Arbitrary muts/mg Fe x 10’ 

Adult 13 
Infant 26 

36 66 ± 2 611 

9 10 ± 2 411 

14 8 

<0 001 

Red cell catalase Arbitrary 
uruts/mg Fe 

Adult 13 
Infant 27 

27 67 ± 2 391 

19 23 ± 168) 

2 89 

<0 01 

Red ceU glyoxalase pi COj/mg Fe/mm 

Adult 7 
Infant 9 

665 0 ±76 2| 

2810 ± 34 2) 

3 67 

<0 005 

Red ceU acid phosphatase 

Arbitrary umte/mg Fe 

Adult 11 
Infant 9 

4 61 ± 0 423) 

4 84 ± 0 617) 

0 376 

Difference not 
significant 

The difference is considered to be i 

statistically significant when P<0 05 
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birth weight was associated with low, or for that 
matter with high, carbonic anhydrase activity 

Estimation of catalase showed that infant red 
cells had a lower mean activity than adult red cells, 
and did not confirm the work of Anselrmno & Hoff- 
mann (1931), who compared the catalase activity of 
cord blood with that of maternal blood However, 
these authors used a method which mvolved the 
estimation of residual hydrogen peroxide by per 
manganate titration, which cannot be assumed to 
give results comparable with tliose given by the 
present techmque There is, for example, no evidence 
that the activity measured by permanganate titra 
tion IS eqmvalent to that measured over the mitial 
part of George’s (1947) biphasic reaction, or that the 
catalase activity of maternal blood at term is the 
same as that of the non-pregnant adult 

DISCUSSION 

The average haemoglobm found m twent 5 '' two 
samples of cord blood was 16 6 g /lOO ml and the 
average value for the adults was 16 9g /100ml Tlie 
cord blood, however, contamed 64 3 % of cells by 
volume and the adult blood 49 6 % The enzyme 
activities of the cells are expressed/mg of iron, but 
amoe the percentage of iron m infant and adult 
haemoglobins is thought to be the same (Best & 
Taylor, 1946, Haurowitz, 1930, 1936) the activities 
of the enzymes can be expresaed/g of haemoglobm 
without altermg their relationships If, however, 
the enzyme activities had been expressed/umt 
volume of red cells the differences found would have 
been magnified because the infant cells contamed 
less haemoglobm/imit volume Thus the mean 
activity of the erythrocyte cholmesterase m adults 
was 62 26umts/ml ofoell8,asagamst48 31umts/mg 
of iron, and m infants 31 8 umts/ml of cells against 
32 9 umts/mg of iron 

It IS difficult to decide what significance should be 
attached to the low enzyme activities of the red ceU 
at birth It is important to recognize that the 
erytlirocyte, even at tins tune of hfe, is a highly 
speciahzed ceU Any chemical activity which it 
manifests, therefore, must be either a legacy of the 
haemopoietio mechamsm which formed it, or an 
expression of the metabohsm of a mature cell If the 
erythrocyte enzymes mvestigated are mvolved m 
the haemopoietio processes, variations m then 
activity may be the cause of some of the differences 
m chemical composition which are known to exist 
between the adult and the infant red cell Differences 
m activity might also affect the rate of haemopoiesis, 
and Rittenberg & Shemm’s (1946) work suggests 


1949 

that the lower activity of the infant enzymes need 
not necessarily imply a slower rate of haemopoiesis 
But untd the differences in chemical composition 
and the factors controlhng haemopoiesis m the adult 
and the mfant are better understood such arguments 
must remam largely speculative If, on the other 
hand, the erjdlirocyte enzymes are mvolved m the 
mamtenance of the cell while it is m the circulation, 
it should ultimately be possible to correlate the 
differences of activity which have been demon 
strated m adult and mfant erythrocytes with the 
survival of these cells m the circulation On this 
hypothesis, mdeed, lower activities m the infant 
erythrocyte might have been inferred fromMoUison’s 
(1948) observations that transfused cord red cells 
disappeared more rapidly from the circulation than 
did adult cells The mtegrity of the red cell must 
depend on the preservation of its membrane, and m 
this connexion the observation of Paleus (1947) is 
mterestmg, for he claimed that the erythrocyte 
cholmesterase was localized m the membrane 

The foregomg discussion should not be considered 
to embrace carbomc anliydrase, smce its function m 
carbon dioxide transport and m the ‘ohlonde shift’ 
IS well established, although the significance of its 
very low actiiuty m the mfant red cell is still obscure 

So httle IS known of the physiological function of 
the serum cholmesterases, that attempts to mterpret 
the present findings seem neither profitable nor 
justifiable 

SUMBLARY 

1 Tlie mean cholmesterase activity of sera ob- 
tamed from cord blood was 60 2 umts for the ‘pseudo ’ 
enzyme and 0 827 lunt for the ‘true’ enzyme The 
mean values for normal adult sera were 76 7 umts 
and 1 063 umts respectively The differences were 
statistically significant 

2 The activities of the erythrocyte enzymes, true 
cholmesterase, glyoxalase, carbomc anliydrase, and 
catalase obtamed frum cord blood were found to be 
32 9, 281, 9 1 x 10* and 19 23 umts/mg non The 
correspondmg values for normal adults were 48 3, 
656,36 6x 10*and27 7umts/mg iron All differences 
were statistically significant 

3 The erythrocyte acid phosphatase activity was 
measured m cord blood and was found to be 4 84 
umts/mg iron, the adult control group showed a 
valueof4 61umts The difference wasnotstatistically 
significant 

Estimations of enzymic activity in some of the controls 
were done by Miss A. O Hutchinson to whom our grateful 
thanks are due 
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In. an earher mvestigation, reported in Part 3 of this 
senes (Bray, James, Ryman & Thorpe, 1948), it was 
shown that rabbit hver esitracts were only shghtly 
active m hydrolysing formamide, acetamide, pro 
pionamide and phenylacetamide It had previously 
been shown (Bray, Neale & Thorpe, 1946) that 
phenylacetamide was apparently completely hydro 
lysed in the mtact rabbit, since its excretion products 
were quahtatively and quantitatively virtually the 
same as those of phenylacetio acid In the case of 
the aromatic amides for which information is avail 
able (Bray, Tliorpe & Wood, 1949 a) there is reason 
able agreement between results in vivo and in vitro, 
so that it seemed desirable to mvestigate the 
metabolism of ahphatio amides m greater detad 
These compounds have, m general, attracted 
httle attention, probably because of the difficulty m 
determining their fate Schultzen & Nencla (1872) 
concluded that acetamide was not hydrolysed m the 
dog Tluswassupportedby Stemhauaen’s (1914— 20) 
findmg that m the phlorrhizmized dog 72 % of a dose 
of the amide was excreted unchanged over a period 
of 6 days In the rabbit, however, acetamide 
appeared to be largely hydrolysed, since Salkowski 
(1877-8) could detect only a small proportion of 
unchanged amide m the unne, and Rudzski (1876) 
claimed that a large proportion of a dose was 


excreted as acetio acid PommeiTemg( 1902) reported 
that small doses were completely catabohzed 
Indirect evidence that acetamide is slowly and only 
partially hydrolysed m the rat has been obtamed 
recently by Anker & Raper (1948) m feedmg experi- 
ments with acetamide labelled with I’C Halsey 
(1898) found that formamide gave nse to as much 
urmary formate m the dog as did formic acid itself, 
and was therefore presumably completely hydro 
lysed, while Gormermann (1902) found that both 
formamide and aoetaimde were hydrolysed by sheep 
liver and formamide by sheep kidney The other 
aimdes studied here do not appear to have been 
investigated previously, except by Fiske (1923), who 
earned out a study of their hydrolysis by fastmg 
cats, uemg urmary amide mtrogen estimation as the 
entenon of splittmg Acetamide was excreted over 
about 4 days, a total of 70 % of the dose appearing 
unmodiBed With the straight cham amides up to 
v'aleramide, the lag m excretion diminished 6ind the 
extent of hydrolysis mcreased progressively with 
mcreasmg molecular weight, n valeramide bemg 
almost completely hydrolj'sed (96-96%) withm 
24 hr The extent of hydrolysis of propionamide was 
66-67 % and of n hutyraimde 74^80 % The order 
of stability tn vivo was the reverse of that towards 
alkah, with which reagent the degree of hydrolysis 
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decreases as the molecular weight mcreaaes In our 
earlier study (Bray et al 1948) we found that shorter 
cham ahphatio amides m general were much more 
readily hydrolysed hy alkah than by hver extracts 
This paper reports the results of an mvestigation 
upon the amides of straight cham saturated fatty 
acids from formic to valeric, m which the excretion 
of unchanged amides was estimated m terms of the 
mcreased ether soluble acid formed as a result of 
hydrolysis, the hydrolytic effect of rabbit liver 
extracts and shces was also observed 

EXPERIMENTAL 
A In riro experiments 
Methods and materials 

Diet and dosage The rabbits and diet were as previously 
desenbed (Bray, Ryman i, Thorpe, 1047) The amides were 
administered by stomach tube as solutions or suspensions m 
water and the acids as solutions of their sodium salts At 
the dose levels used none of the compounds showed toxio 
properties 
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Estimation of amides Owmg to the lack of smtable char 
actenstio properties, the amides could only be estimated by 
a non specific method A procedure based on the hberation 
of NHj by alkahne hydrolysis was unsatisfactoiy and the 
method finally adopted mvolved estimation of the mcrease m 
the ether soluble acid after hydrolysis 

Unne (60 ml ) was hydrolysed by addition of 10 N NaOH 
(6 ml ) and heatmg for 2 hr m a boihng water bath, the 
pH was adjusted to 8, using thymol blue as mdicator, the 
unne cooled and the volume adjusted to 100 ml The ether 
soluble acid content was then estimated as below By this 
method 06-102% of added amides were recovered from 
normal rabbit nrme 

Estimation of ether soluble acid Ether soluble acid was 
extracted as previously desenbed (Bray el al 1947) Smee, 
however, all the ahphatic acids m this study are volatile, the 
ether m the ‘ boder’ was not evajiorated as usual but titrated 
directly after the addition of water (20 ml ), thymol blue 
bemg the mdicator ‘ Fixmg ’ the extracted acid by addition 
of excess standard NaOH before evaporation was undesirable 
m estimations on unbydrolysed nrmes, since it has been 
shown thatanerrormaybemtroduced owmg to hydrolysis of 
unchanged amide dunng evaporation (e g phenylacetamide, 
cf Bray et al 1946) 


Table 1 Excretion of aliphatic acids and amides by the rabbit* 


Percentage of dose estimated as 
ether soluble acid m nrme 


Estimated 





(Ranges m 

parentheses) 

percentage 


Dose 

No of 


A 

hydrolysis 


1 


Compound 

(g) 

exps 

Unhydrolysed 

Hydrolysed 

m rabbitf 

Sodium formate 

2-3 

6 

4(0-7) 

7 (4-12) 

— 

Formamide 

2 

3 

6 (0-0) 

43 (41-46) 

60 (66-62) 


3 

3 

6 (2-8) 

48 (47-60) 

66 (64-68) 


4 

2 

2 (1-2) 

33 (29-36) 

69 (66-72) 



8 

Av 3 

43 

61 

Sodium acetate 

2-6 

7 

1 (0-4 

1 (0-7) 

— 

Acetamide 

1 6 

1 

0 

71 

29 

2 

4 

1 (0-4) 

66 (44-78) 

37 (22-66) 


26 

3 

2 (0-6) 

76 (68-87) 

27 (13-47) 


3 

4 

0 

80 (62-94) 

20 (6-38) 


6 

4 

1 (0-3) 

72 (02-88) 

20 (12-41) 



16 

Av 1 

73 

28 

Sodium propionate 

2-3 

4 

0 

0 

— 

Propionamide 

2 

3 

4 

2 

3 (0-6) 

0 

47 (36-69) 

62 (48-66) 

66 (60-64) 
49 (46-62) 


4 

2 

0 

48 (48) 

62 (62) 



8 

Av 1 

48 

63 

Sodium u-butyrate 

2-3 

4 

0 

0 

— 

n Butyramide 

2 

3 

3 

4 

0 

0 

8 (0-16) 

17 (12-24) 

92 (84-100) 
83 (76-88) 



7 

Av 0 

13 

87 

Sodium n valerate 

2 

4 

0 

0 

— 

n Valeramide 

1 6 

2 

3 

2 

2 

2 

0 

0 

2 (0-3) 

6 (0-12) 

0 

6 (0-10) 

94 (88-100) 
100 

97 (93-100) 



6 

Av 1 

4 

97 


* The values given for the excretion of amides represent the total excretion, m some cases over penods up to 
dosage (of. Table 2) 

t Calculated from mdividual values 
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-RESULTS 

Ether soluble and of unhydrolysed and hydrolysed 
normal rabbit unne llie average ether Boluble acid 
excretion by individual rabbits ranged from 661 to 
860 mg /24; hr , expressed as hippiino acid The 
ether soluble acid content of hydrolysed iirme is 
conveniently expressed as a percentage of the value 
for iinhydrolysed, it ranged from 148 to 200 % The 
average for 107 expenments Viraa 171%, the average 
for mdividual rabbits ranged from 167 to 181% 
Tlie day to day variations m output for each rabbit 
was usually withm ± 10 % of the mean values for 
both unhydrolysed and hydrolysed unnes 

Excretion of aliphatic acids and amides by the rabbit 
Table 1 swmnanzes the results obtamed, taking the 
difference between the amount of amide administered 
and the total amount excreted unchanged as a 
measure ofthe extent of hydrolysis The results with 
acetamide, propionanude, butyramide and n-valer- 
amide are m general agreement with those of Fiske 
(1923), the degree of hydrolysis mcreasing with 
mcreasing molecular weight Formamide is an 
exception, apparently bemg hydrolysed to a greater 
extent than acetamide The possibihty of some other 
type of catabohc process for formaimde has not, 
however, been excluded Proof of the presence of 
two of the amides unchanged m the corresponding 
urme has been obtamed by isolation from cbloroform 
extract (acetamide) or the ether extract (pro 
pionamida) 

No evidence of the excretion of the acids was 
observed after the first 24 hr , but there was a delayed 
excretion of some of the amides beyond 48 hr after 
administration of the dose Table 2 shows the per- 
centages of the doses of the amides excreted un 
changed m 24 hr periods after the dose Here also 
we are m general agreement with Fiske (1923) The 
lag period decreases with mcreasmg molecular 
weight, and hence with mcreaamg degree of 
hydrolysis 


Table 2 Rate of excretion of aliphatic amides 
by the rabbit 


Average percentage of 
amide excreted nnohanged 
in 24 hr penods after dose 


Amide 

Dose 

(g) 

^Ist 

2nd 

3rd 

Total 

Fonnsmjde 

20-J0 

27 

8 

4 

39 

Acetamide 

16-60 

62 

6 

4 

72 

Propionanude 

20-40 

37 

10 

0 

47 

ft-Butyramide 

20-30 

13 

0 

0 

13 

n Voleramide 

16-30 

3 

0 

0 

3 


B In vitro exhekiments 
Methods 

Buffer scluiion AH the experiments were earned out at 
37° at pH 7 4 m a phosphate buffer consisting of 0 2 m; 
Na,HPOi (8 ml ) and 0 2m NaH,POi (2 ml ) 

Prtparalum of digests (a) Slices were cut from the liver 
immeiately after removal firom the animal and placed in 
the buffer The required amount (6 g ) was made up to 10 ml 
with buffer and added to the substrate m oxygenated buffer 
to make a tissue concentration eqmvalent to that of the 
extracts The digests were moubated m large flasks filled 
with Oj 

(i) Extracts were prepared as prenonsly desonbed (Bray 
et al 1948) Extract (10 ml ) was added to the substrate 
(0 01204m) m buffer (TO ml ) In expenments kstmg more 
than 6 hr it has been our practice to add CHCl, as a pre 
servative It will be seen m Table 3 that this retards the rate 
of hydrolysis, which was greater m 6 hr without than m 
20 hr with CHd, In general, the constancy of controls 
could not be rehed upon for more than 6 hr m the absence 
of preservative 

Estimation of amide hydrolysis The NH, formed was 
estimated by the method previously used (Bray, James, 
Raffan, Hyman & Thorpe, 19496) In each experiment 
a control consisting of tissue or extract and buffer without 
substrate was included A digest contaming p rutrobenz 
amide was also always mduded as a oheok upon the amidase 
activitv of the hver 

Stability of substrates All the amides examined were stable 
m the buffer and no formation of NH, was observed when 
they were meubated with boiled hver extracts 


Table 3 Hydrolysis of aliphatic amides by rabbit liver extracts 


Formamide 
Acetamide 
Propionamido 
n ButjTamido 
n Valeramido 
Phenj lacetatmde 
p Nitrobenxamide 


Percentage hydrolysis (Benges m parentheses Superior figures against ranges indicate 
the number of experiments) 



With CBClt 


Without CHCJ, 

' Shr 

5 hr 

20 hr 

' 3hr 

6 hr 

4 (3-6)’ 

4(3-5)* 

4 (0-9)* 

1 (0-3)* 

4 (2-6)* 

3 (0-4)» 

— 

3 (0-7)’ 

— 

2 (1-3)’ 

1 (0-4)“ 

2(0-3)’ 

6 (3-8)* 

1 (0-2)’ 

3 (0-5)’ 

4 (1-6)* 

6(6)1 

9 (3-14)* 

8 (4-12)’ 

13 (6-18)’ 

11 (4-19) 

13 (4-27)’ 

39 (29-46)* 

48 (34-83)* 

65 (41-85)* 


6(3-8)' 

7 (0-19)> 

16 (8-20)* 

22 (12-32)* 

39» (17-49)’ 

40* (17-58)’ 

61* (29-81)’ 

71 {56-92)M 

79 (67-92)“ 


compared with those given m a previous paper (Bray et al 1948) which were obtamed 
with 0 00687 m p mtrobenzamide c t i 
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30 
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Hydrolysis of aliphatic amides by rabbit liver 
extracts The degree of hydrolysis is given in Table 3, 
■which also sho'ws the retardation due to use of 
chloroform as preservative 
Hydrolysis of aliphatic amides by rabbit liver slices 
The degree of hydrolysis is sho-wn m Table 4 

Table 4 Hydrolysis of amides by rabbit liver slices 

Percontago hydrolysis 
No (ranges m parentheses) 

of , > 


Amide e^vps 

2 hr 

6 hr 

0 hr 

Formamide 

3 

S 

(4-13) 

10 

(0-17) 

10 

(0-17) 

Acetamide 

6 

0 

(0-2) 

1 

(0-3) 

1 

(0-3) 

Propionamide 

4 

3 

(0-0) 

6 

(3-7) 

6 

(3-7) 

n Butyrnmide 

6 

18 

(16-22) 

35 

(31-39) 


n Valeramide 

4 

37 

(30-43) 

06 

(49-76) 

70 

(62-81) 

Phenylacetamide 

5 

12 

(9-19) 

Oft 

(19-30) 

29 

(22-40)* 

p Nitrobenzamide 

7 

37 

(30-60) 

00 

(63-70) 

70 

(66-82) 


• Four oxponmonts only 

Comparison of the hydrolysis of amides by rabbit- 
liver extract and slices The percentages of p nitro- 
benzamide.n butyramide.n valeramideandphenyl- 
acetarmde hydrolysed by extract and by shoes pre 
pared from the same hver are given m Table 6 It 
will be seen that there are appreciable differences 
between the degrees of hydroly sis brought about by 
extracts and by shces It is difficult to assess the 
significance of these differences for p mtrobenz- 
amide and n valeramide, but for n butjrramide and 
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phenylacetamide they are considerable It may 
also be noted that "with p mtrobenzamide there 
are considerable differences m the mitial rate of 
hydrolysis 

DISCUSSION 

Table 6 summarizes the results of both tn vivo and 
in vitro studies The results of the former for acet 
amide, propionamide, n butjTamide and n valer 
amide are m good agreement "with those of Fiske 
(1923) for fastmg cats, the degree of hydrolysis 

Table 0 Hydrolysis of amides in the rabbit and 
by rabbit hver slices and extract 


Pereentage hydrolysis by 


Amide 

Intact 

animal 

Extract 
(5 hr) 

s 

Shces 
(6 hr) 

Formamide 

61* 

4 

10 

Acetamide 

28* 

2 

1 

Propionamide 

63* 

3 

6 

n Butynamide 

87* 

13 

36 

n Valeramide 

97* 

65 

65 

Phenylacetamide 

loot 

22 

28 

p Nitrobenzamide 

loot 

79 

66 


• Bnsed on recovery of unchanged nimde 
t Only 71% of dose accounted for, but metabohsm almost 
identical -mth that of phenylocetio aoid (Bray et al 1946) 

$ Bray ei al (1949o) 

mcreasmg with oham length and the lag m excretion 
decreasing Formamide is sin exception, being hydro 
lysed to a much greater e'xtent than acetamide, 
although the rate of excretion is comparable The 
lag m excretion (Table 2) is probably not related to 
delayed absorption of the amides, smee H6ber & 
Hdber (1937) found that m rat mtestme there ■was 
httle difference between the absorption rates of 


Exp 

1 


2 


3 


4 


Table 6 Comparison of hydrolysis of amides by rabbit liver extracts and slices 

Percentage of hydrolysis of 

^ — — - — ' - ' - 

•p Nitrobensianiido w Butyramido Tj-VaJeraiHide Phenylacetamide 


Tune 

(hr) 

A 

t 

Extracts 

" 

Shoes 

/ 

Extracts 

06 

19 

13 

— 

2 

48 

39 

— 

4 

66 

62 

— 

6 

71 

71 

— 

06 

23 

7 

— 

2 

47 

30 

— 

4 

03 

47 

— 

6 

73 

60 

— 

06 

32 

17 

2 

2 

62 

60 

7 

4 

72 

70 

12 

6 

88 

82 

16 

06 

37 



2 

2 

64 

. — . 

9 

4 

77 

— 

16 

6 

81 

— 

19 


Slices 

Extracts 

t 

Shoes 

Extracts 

Shces 



16 

10 

1 

2 



38 

33 

6 

9 



48 

60 

10 

16 

— 

54 

66 

12 

22 



7 

7 

— 

— 



22 

30 

— 

— 



38 

44 

— 

— 

— 

43 

62 

— 

— 

s 

____ 



3 

6 

22 





11 

19 

32 





17 

31 

38 

— 

— 

20 

40 

6 



— 

— 

— 

20 



— 

— 

- — 

34 



— 

— 

— 

43 

— 

— 

— 
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acetamide and n-valeramide The explanation more 
probably hes in the rate of reabsorption of these 
compoimds m the kidney The earher findi n g (Bray 
et al 1948) that m the case of phenylacetamide there 
IS less correlation between the degree of hydrolysis 
tn VIVO and by extracts m vitro than with aromatio 
amides is shown by the present mvestigation to 
apply to other aliphatic amides The amides studied 
were, with the exception of n-valereimide, hydro- 
lysed to a much greater extent tn vtvo than would be 
expected from their tn vitro hydrolj^is by extracts 
It IS, howe\er, possible to offer an explanation for 
this discrepancy, taking mto account the observed 
lag m excretion of formamide, acetamide and pro 
pionamide Inthese three amides itmay be suggested 
that the extra reaction time allowed by the delay 
m excretion compensates for the feeble hydrolytic 
power of the enzyme responsible This factor does 
not operate with n butyramide, but there is instead 
evidence of more efficient enzyme action provided 
by the experiments with shces In these experiments 
(Tables 4 and 6) the conditions used presumably 
approximate somewhat more closely to those tn vtvo, 
and the results show that the hydrolytic activity is 
much greater than m extracts With phenylacet- 
amide the percentage hydrolysis observed tn vitro 
IB 22-29 % compared with an in vivo hydrolysis of 
100 % (Bray et al 1946) In the earher mvestigation, 
however, it was shown that there was a delayed 
excretion of the metabohtes of phenylacetamide m 
the rabbit Thus m the case of all five amides there 
are secondary factors which may be mterpreted as 
occountmg to some degree for the discrepancy 
between the observed tn mvo and tn intro results 
It should, however, be remembered that the tn 
vtvo results for formamide, acetamide, propionamide, 
n butyranude and n valeramide were obtamed by 
detemnnation of the amount of amide excreted 
unchanged In the case of n-butyramide and 
n valeramide the tn vUro experiments mdicate that 


hydrolysis of these amides occurs, but there is no 
significant enzymic hydrolysis of the other three 
This leaves open the possibdity that these three 
amides may be metabolized by some process other 
than simple hydrolysis, or m some organ other than 
the hver Whether the enzyme responsible for the 
hydrolysis of ahphatic amides is the same as tliat 
which hydrolyses aromatic amides is not yet certam 
The evidence at present available mdicates that the 
hydrolysis of the ahphatic amides is depressed to 
a somewhat greater extent by chloroform than is 
that of p mtrobenzamide The possibdity that 
different enzyme systems may be mvolved is bemg 
explored 

StfMMAEY 

1 The metabolism offormaimde,ao6tarmde, pro 
pionamide, n butyramide, n valerarmde and their 
parent acids has been studied m rabbits by estimating 
the extra ether soluble acid m unhydrolysed and 
hydrolysed urmes after administration of the 
compounds 

2 The percentages of the doses of the amides 
excreted unchanged were 39, 72, 47, 13 and 3, 
respectively 

3 There is a considerable lag m the excretion of 
formamide and acetamide and a smaller lag with 
propionamide 

4 The hydrolysis of the above atmdes and 
phenylacetamide by rabbit hver extracts and shces 
has been compared. Formamide, acetamide and 
propionamide were only hydrolysed to a very small 
extent The degrees of hydrolysis for n-bufyramide 
n valeramide emd phenylacetamide were for 
extracts, 13, 66 and 22%, and for shces, 36, 65 
and 28 %, respectively 

The authors are indebted to the Royal Society for a 
Government Grant which defrayed part of the cost of this 
investigation 
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The Biochemistry of Locusts 

2 CABOTENOU) DISTRIBUTION IN SOLITARY AND GREGABIOUS PHASES OP THE 
APRICAH MIGR ATOR Y LOCUST (LOGUSTA MIGRATORIA MIGRATORIOIDES R & F) 
AHD THE DESERT LOCUST {SCHISTOCERGA GREGARIA FORSK) 

By T W GOODWIN", Department of Btochemistry, University of Liverpool 

{.Received 13 May 1949) 


The tremendous destruction ■which can be caused by- 
locust plagues IS widely appreciated, but, although 
locust research has attracted the mterest of a large 
number of workers, the biochenucal aspects of the 
problem have received httle attention 

Uvarov (1921) was the first to appreciate the 
significance of the different forms of Locusta mtgra- 
tona, and his theory of phases as applied to Acndidae 
winch swarm is now universally accepted In the 
solitana phase locusts hve m isolation , tlus imphes 
that they are mdependent of their neighbours rather 
than that they are particularly scarce In the 
gregana phase hoppers (nymphs) occur m dense 
bands, keep close to each other, and march together 
Greganous adults form vast swarms winch keep to- 
gether even m flight The two extreme phases ore 
connected by a complex series of transitional forms 
which are descnptively named Iransiens Factors 
which are known to mfluence the transition from 
solitary to greganous forms and •vice versa have 
recently been discussed by Uvarov (1947) Tlie mam 
factor controDmg phase transformation is probably 
the population density, when sohtary locusts are 
brought together they gradually change mto the 
greganous phase which is most stnkmgly endenced 
by the msects becommg qmte different m colour 
The effect of crowd mg is m aU probability to morease 
the acti-vity of hoppers owmg to frequent en- 
counters -with their neighbours Tins mcreased 
actinty appears to be the fundamental cause of the 
colour changes, for a sohtary hopper mamtamed m 
isolation ■wiU also assume gregarious oharactenstics 
when stimulated to contmuous exertion (Husam & 
Mathur, 1936) 

After hatching, L mtgratorui and Schtslocerca 
gregana (the two species under present considers 
tion) normally go through five hopper stages, 
moultmg at the end of each, and after about 22 da 3 ^ 
(at 32°) finall y emerge as -winged adults, under 
optimal conditions, from 2 to 4 weeks after emergence 
the adults become sexually mature (Uvarov, 1928) 

Gregarious hoppers of L mtgratona are character- 
ized m the early stages by their dark appearance 
which IS broken by yellow or brown spots and 
stripes , m the later stages orange bro-wn pre- 
dominates, although there are still considerable 


regions of black pigmentation At adult emergence 
there appears to be little black pigment and the 
colour IS grejnsh bro-wn, but on reachmg maturity 
the males become bright yellow and the females 
dark bro-wn The overall colour pattern is very 
stable The coloration of sohtary Eociista, on the 
other hand, vanes considerably, Bohtanes are 
generally lighter coloured than gregana and tend to 
adopt the colour df their en-vironment (Faure, 1932) 
They contam httle, if any, black pigment and do not 
undergo colour changes at maturity 

Sohtary and greganous Sdhistoccrca exhibit very 
much the same characteristics as do the correspond- 
mg Locusta, although the pigment pattern is differ- 
ent The coloration of greganous hoppers is veiy 
stable and m the later stages the msects are lemon 
yellow with very pronoimced black patterns 
Immature adults are generaUy pmkish -with small 
dark spots, especially on the elytra, and they turn to 
yellow when maturity is reached The colour of 
sohtary Schtstoccrca is much more vanable than that 
of greganous Schistocera , m general, hoppers are 
green, immature adults greenish white, and mature 
adults grey (Uvarov, 1928) Some appreciation of 
these colour vanations m Schtstocerca and Locusta 
con be obtamed by exa mining the coloured plates 
produced by Faure (1932) 

It -will be ob-^uous from the above -very bnef 
survey that mvestigationa into the biochemistry of 
locust pigmen-tation are essential to a deeper imder 
standing of the phase transformation The pigments 
winch are stated to occur m locusts are melanm 
(Chau-vm, 1937, 1939a), acndioxanthm, a pigment 
of unknown constitution (Chau-vm, 1938 o, b, 19396, 
1940, 1941a, 6, 1944), carotenoids (Lederer, 1936, 
Chau-vm, 19416, Good-wm & Snsukh, 1948, 1949), an 
imidentified green pigment variously described as a 
chlorophyll derivative (Chauvm, 1939 a) and as a 
flavone (Chauvm, 19416), fla-vins (Gourevitch, 1937, 
Drdhon & Busnel, 1939, Busnel & Dnlhon, 1942, 
Dnlhon, 1943), and, possibly, a pterm (Busnel & 
Dnlhon, 1942) 

Tn the present mvestigation attention has been 
confined to the two carotenoids, jS carotene and 
astaxanthm, which occur m both species (Goodwin 
& Snsukh, 1948, 1949), and the results of a study of 



473 


Vol 45 CABOTENOID DISTREBIiTION IN LOCUSTS 


their quantitative distnbution m Locusta and 
Scht^cerca at vanoua stages of development and m 
both the Bohtary and greganous phases are now 
reported. A similar mvestigation on the distribution 
of acndiosanthm wiU be reported later 

MATERIAL AND METHODS 

Tivo species of loonsta have been studied the African 
migratory locust {Locutia mtgraiona mtgraUn-ioidea R & F ) 
and the desert locust (Schtetocerca gregana Forsk) The 
locusts were bred m captivity at the Anti Locust Research 
Centre m London, they ivere maintomed under reasonably 
constant conditions and fed entirely on grass and -wheat 
bran The only difference between the breeding of the 
sohtary and the greganous phases -was that the sohtanes 
■were completely isolated (one m a 3 lb jam pot of capacity 
about 1 L), whilst the greganous insects were reared in 
crowds (about SO/jam pot or at high densities m cages up to 
160 L m capacity) Specimens were sent to Liverpool by 
post and generally amved m good condition, any dead 
insects were discarded In order to determme pigment 
distnbution the insects were dissected mto three portions 
head (compnsmg the head and pronotum), body and legs, 
the -wmgs, which only contam relatively small amounts of 
carotenoids (Qoodwm & Snsukh, 1049) were not exammed 
systematically The msecta were killed with ether, although 
occasionally this step was omitted, and the heads and pro 
nota smpped off -with sharp scissors, any mtemal organs 
remaining attached to the head -were removed -with fine 
forceps, as -was any residual food material m the buccal 
cavity The legs and -wings were removed from the bodies 
which were then sht ventrally and the mtemal organs re 
moved The -vanous parts were weighed -withm 5-10 mm of 
dissection m order to reduce to a mmunmn errors hkely to 
arise from drying of the tissues, this is especially necessary 
m the case of the body 

Extraction of pigments Each portion wais ground m a 
mortar -with acid washed silver sand and, if necessary, a 
small amount of anhydrous Na^Oj, the carotenoids were 
then extracted with cold acetone in situ by stirring care 
fully -with a jiestle The acetone was decanted and Mtered 
through a G4 smtered glass filter The residue was re 
extracted -with acetone, and the process repeated untd no 
colour showed m the acetone, three extractions were 
generally sufficient 

Chromatographic separation of the carotenoids The acetone 
■was removed under mtrogen, and the residue immediately 
dissohed m a small volume (6-10 mL) of hght petroleum 
(b p 40-00°) This solution -was run through a small column 
(10 X 2 cm ) of defatted hone meal (JIann, 1943, Goodwm & 
Morton, 1946 Glover, Goodwm A Morton, 1948) and the 
column washed -with further small quantities of hght 
petroleum until no mote pigment was elated, this fraction 
consisted of carotene only The astaianthm, sometimes 
eontammated by traces of carotenoid oxidation products, 
was then eluted -with acetone The volumes of the )3 carotene 
and astaxanthm fractions were then snitahly adjusted for 
spcctrophotomotnc analysis 

Spcctrophotoinctnc analysis Measurements of hght 
absorption were made m a Beckman quartz photoelectric 
spectrophotometer The measurements of both solutions 
(P carotene and astaxanthm) were made at 450 m/t. The 
wa% elength 450 mp. -was used for both solutions m order to 


reduce the time required to eiaimne a considerable number 
of solutions This wavelength is for jj carotene bnt not 
for astaxanthm, however, the 460 mp. for pure 

astaxanthm m acetone is kno-wn (vide infra) 

Calcidaiton of results The FJ ^ 460 mp. values for the 
carotene and astaxanthm fractions for the various parts of 
the body were calculated usmg the expression ^Ejcd, 

where E is the observed extinction for a solution of c% m 
a cell d cm thick In order to ohtam an accurate E j ^ value 
for the whole insect a weighted mean -value of was 

calculated, e g 

Wt of 



part 

(g) 

jgl% 

" 1 cm. 


Body 

Head and pronotum 
Legs 

0 608 

0 210 

0 234 

0 0233 

0 0193 

0 0178 

0 01417 

0 00405 

0 00416 

Total 

1 062 


0 02238 

Weighted mean B J ^ 

S.,vt 1052 


The amount of carotene or astaxanthm per insect can -then 
be calculated tismg the expression 


460mp (ohs)x-wt xlO* 

Amount (pg ) =-— 

E J ^ 460 mp. of pure pigment 

460 mp. for pure ^ carotene m hght petroleum was 
taken as 2600 and for astaxanthm m acetone, 1968 This 
latter figure was obtamed from the curve m acetone of 
spectroscopically pure astaxanthm (Goodwm & Snsukh, 
1949) assummg that E\^ {Kuxi.) acetone is the same as 
that m eycteheiane, i e 2500 (Karrer A Wflrgler, 1943) 

RESULTS 

A very considerable mass of data has been accumu- 
lated and analysed, but m order to conserve space 
and simplify presentation only summarizing tables 
are presented An important conclusion, which 
allowed the Tables to be considerably simplified, -was 
reached when the complete data were considered It 
was that there are no significant differences m the 
concentrations of the pigments m the body, head 
and pronotum, and legs, and that the relative 
amounts of pigment m these tissues (about 60, 25-30, 
and 20-26 %, respectively, of the -total) merely re- 
flect the relative weights of these parts Because of 
this it has been considered unnecessary to record the 
results of analyses on the separate parts of the body, 
and only those referrmg to whole insects are pre 
sented and discussed 

In Tables 1-4 are collected the values for both 
concentrations and amounts of carotene and astax- 
anthm of whole insects at most stages of develop 
meat of solitary and greganous Locusta and Schisto- 
ccrca 

The most important pomt which emerged from a 
study of these tables is that m both Locusta and 
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Table 1 Carotenoid diatnbution in gregarious Locusta 


J5 Carotene Astaiantlun 



No of 

No of 


Amount/ 

X 

Amount/ 


insects 

batches 

460 m/i. 

insect 

460 m/a 

insect 

Stage 

exammed 

examined 

(petrol) 

(us) 

(acetone) 

(us) 

First 

250 

6 

0 018 

0 13 

0 028 

0 21 

Second 

105 

4 

0 023 

0 38 

0 052 

0 97 

Third 

03 

3 

0 016 

0 40 

0 037 

1 4 

Fourth 

34 

3 

0 028 

21 

0-021 

18 

Fifth 

32 

6 

0 018 

30 

0 026 

66 

Immature (male) 

19 

7 

0 029 

84 

0 0078 

36 

Immature (female) 

27 

7 

0 027 

10 7 

0 0081 

30 

Mature (male) 

35 

9 

0 029 

16 4 

0 0060 

34 

Mature (female) 

30 

9 

0 030 

36 8 

0 0045 

64 

Immature (female) (blue) 

4 

4 

0 0061 

1 8 

0 413 

16 6 

Mature (male) with protozoan infection 

4 

2 

0 016 

9 1 

0 0077 

68 

Mature (female) with protozoan mfeotion 

7 

0 

0 0072 

74 

0 011 

16 0 


Table 2 Carotenoid distribution in solitary Locusta 

> 

P Carotene Astaianthm 



No of 

No of 

771 % 

■‘^1 cm. 

Amount/ 

1 gTT). 

Amount/ 


msects 

batches 

460 m/i. 

insect 

450 mp. 

insect 

Stage 

exammed 

examined 

(petrol) 

(us) 

(acetone) 

(us)\ 

First 

40 

2 

— 


0 029 

0 22 

Fourth 

4 

1 

— 

— 

0 044 

29 

Fifth 

7 

2 

— 

— 

0 030 

50 

Immature (male and female) 

4 

4 

0 039 

11 4 

0 016 

68 

Mature (male) 

3 

3 

0 036 

191 

0 010 

7 1 

Mature (female) 

2 

2 

0 020 

12 6 

0 021 

12 6 


Table 3 Carotenoid distribution in gregarious Schistocerca 


Stage 

First 

Second 

Third 

Fourth 

Fifth 

Immature (male) 
Immature (female) 
Mature (male) 
Mature (female) 


No of 

No of 

insects 

batches 

exammed 

exammed 

66 

2 

36 

3 

44 

4 

22 

3 

6 

2 

12 

6 

11 

6 

6 

3 

2 

1 


P Carotene 


•'^1 cm. 

Amount/ 

460 m/i. 

insect 

(petrol) 

(us) 

0 001 

0 026 

0 031 

0 63 

0 036 

1 7 

0 016 

1 7 

0 026 

87 

0 038 

22 9 

0 028 

13 6 

0 069 

44-0 

0 061 

65 8 


Astaxanthm 


Ei°'° 

\ 

Amount/ 

450 mfu 

mseot 

(acetone) 

(us) 

0 044 

013 

034 

0 72 

0 026 

1 6 

0 028 

41 

0 024 

76 

0 016 

12 6 

0 013 

83 

0 0043 

36 

0 014 

16 6 


Table 4 Carotenoid distribution in solitary Schistocerca 


P Carotene Astaxanthm 

A A — 



No of 

No of 

Ell. 

Amount/ 

Ell. 

Amount/ 


insects 

batches 

450 m /1 

mseot 

460 m/i. 

msect 

Stage 

exammed 

exammed 

(petrol) 

(us) 

(acetone) 

(us) 

!First 

42 

1 

— 

— 

0 039 

0 39 

Fotirth. 

3 

1 

0-042 

66 

0 063 

5 6 

Fifth 

3 

1 

0 046 

26 4 

0 023 

17 7 

Immature (male and female) 

6 

3 

0 046 

263 

0 014 

10 1 

Mature (male and female) 

3 

2 

0 064 

47 6 

0 017 

16 2 
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Schtaiocerca there is no diflterence m respect of oaxo 
tenoid distribution between the sohtary and gre 
gaxioufl phases, further, there is no difference 
between Locusta and Schistocerca in the concentra- 
tions of the pigments , but there is a tendency for 
adult Schtsiocerca to contam more of the pigments 



Fig 1 The changes in the astasanthin concentration 
(JE J ^ 460 mfu) of both phases of Locuala and Schislocerca 
donng development The vertical Imes indicate the 
standard deviation of the results 



Fig 2 The changes in the carotene concentration 

460 mp.) of both phases of Locusia and Schutocarca 
during development The vertical hnes mdicate the 
standard deviation of the results 

than do adult Locusia, this is agam merely a re 
flexion of the weight vanations between the species 
There is, however, a marked and important differ- 
ence m the storage of the two pigments durmg de 
velopment As tlus difference obtains m both 
species, irrespective of phase, ‘grand means’ of the 
concentrations (measured as and amoimts of 

tho two pigments have been calculated for each stage 
and plotted m Figs 1-3 

Considermg concentrations first, it will be seen 
(Fig 1) that the nstaxonthin concentration remains 
roasonablj constant from birth to the third hopper 
stage, and thereafter diminishes until in mature 


adults it IB not more than one quarter to one third of 
that of the early hopper values With carotene the 
situation IS different (Fig 2) , the carotene concentra- 
tion at birth moreases somewhat as soon as the m 
sects begm to eat and then remains near a constant 
value imf.il the insects become adult when the con- 
centration moreases until at maturity it is at least 
twice that at birth 

This difference between carotene and astaxanthm 
IB reflected m the amount of the pigments present m 
the developmg insects (Fig 3) During the hopper 
stages the astaxanthm content moreases gradually 
but rather slowly, the mcrease ceases at adult 



Fig S The changes in the carotenoid content of loonats 
during post-embryomc development A, astaxanthm 
content, B, carotene content 


emergence, and throughout adult hfe the levels 
remam constant at or just below the fifth stage 
levels The mcrease m § carotene content m general 
parallels that of astaxanthm until the insects become 
adult when, m contrast to astaxanthm, it increases 
durmg adult hfe, this is especially marked after 
sexual maturity when considerable stores axe found 
m the fatty tissues 

Carotenoids in the eggs Newly laid eggs of both 
Schistocerca (Chauvm, 1941 6 , Goodwm & Snsukh, 
1948, 1949) and Locusta (Goodwm & Snsukh, 1948, 
1949) contain )? carotene only In Fig 4 are recorded 
the results of an mvestigation mto the quantitative 
and quahtative changes m tho carotenoid content of 
the developmg Locusta egg It wiU be seen that 
apparently yS carotene takes no part in the process of 
embryonic development until near the end of the 
penod It 13 only on about the 7th day that it begins 
to disappear and astaxanthm to appear, both these 
processes then contmue until the insect is hatched 
A smular experiment usmg Schistocerca eggs yielded 
■very similar results, and is not recorded here 

It will be noted that the average carotene content 
of a Locusia egg is 0 38 pg This means that an 
average egg pod of 60 eggs will contam about 20 pg 
of ^ carotene, the corresponding mean carotene 
level in Schistocerca eggs is about 1 Opg /egg 
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Carotenoids in exuviae The appearance of caro- 
tenoids in the exuviae of any hopper stage has never 
been detected 

Carotenoids in darJc blue Liocusta During the 
course of this investigation four atypical unmature 
females were examined, they were very dark blue, 
had a metalhc lustre, and were progeny of normal 
parents However, it was noted that the subcu 
taneous fatty material was completely colourless, 
although one would have expected it to have been 
oright yellow owmg to the presence of stored J3- 
carotene Chromatography of the carotenoid extract 
showed that the carotenoid present was almost com- 
pletely astaxonthm, § carotene was detected, but 
only in traces (see Table 1) The astaxanthm levels 
were much lugher than normal 



Fig 4 The changes in the carotenoid content of fertilized 

Locusta eggs during embryonic development A, ostas 

antlnn content, B, /3 carotene content 

Carotenoids in infected insects It has been possible 
to exanune locusts infected with a protozoan, prob 
ably Plxstophora The infected insects have a normal 
external appearance except that the outside of the 
abdomen becomes a charactenstio pink Wlien they 
were opened it was found that the fatty tissues had 
lost then yellow colour and, except for the occurrence 
of pink spots, were ahnost white , it was therefore no 
surprise to find that, compared with healthy insects, 
the carotene contents of both males and females were 
very low, this was most marked m the case of 
heavily infected insects, especially females On the 
other hand, the astaxanthm contents of both sexes 
were normal (Table 1) It was noted that the de 
velopmg eggs of infected females still contamed 
carotene, but it was not xxissible to ascertam the 
amount 

DISCUSSION 

Chauvm (19416) stated that the pink carotenoid 
recently identified as astaxanthm (Goodwm & 
Snsukh, 1948, 1949) is oharactenstic of unmature 
locusts and that the yellow carotenoid (y3 carotene) 


1949 

IS characteristic of adults This generalization can 
now be seen to have only a limited validity, but it did 
suggest the existence of an important difference 
between the metabohsm of )3 carotene and astaxan 
thm m hoppers and adult locusts This difference has 
now been quantitatively demonstrated At birth 
about 70 % of the total carotenoids is astaxanthm, 
this value gradually decreases until the fifth hopper 
stage, however, when the locusts become adult the 
accumulation of p carotene proceeds at an enhanced 
rate whilst the amount of astaxanthm present re 
mams stationary This results m astaxanthm bemg 
never more, and often much less, than 30 % of the 
total carotenoids m adult insects 

It 18 not known why astaxanthm storage ceases 
when locusts become adult It may be due to the 
fact that the rate of synthesis is reduced or stopped 
altogether, or that synthesis contmues at the same 
rate, but that adult locusts utilize (or destroy) the 
pigment to a greater extent than do hoppers It is 
mterestmg to note that wmgs, which are fully 
formed only m adults, contam relatively more astax 
onthm than carotene, however, as they contam 
relatively httle pigment compared with the rest of 
the body (Goodwm & Snsukh, 1 949) it is not possible 
to postulate that astaxantlun synthesis m adults is 
diverted to the wmgs rather than to the body 
Formation of astaxanthm This pigment, which is 
not present m the food of the locust, must be pro- 
duced m one of three ways (a) dc novo, (b) by oxida 
tion of alimentary carotenes, or (c) by oxidation of 
alimentary xanthophyUs The first possibihty is 
ahnost certamly ruled out, for a sun^ey of caro 
tenoid biochemistrj'- reveals no authenticated m- 
stonce of carotenoid sjmthesis m animals (Goodwm, 
1049 a) Up to the present it has not been possible to 
decide which (if not both) of the other alternatives 
operates, for, as no adequate artificial diet is yet 
available, it has not been possible to carry out 
feedmg experiments No plant xanthophyUs are 
ever found m locusts outside the alimentary tract, 
so that these pigments might either be converted 
quantitatively mto astaxantlun or be quantitatively 
excreted, the latter possibihty was put to expen 
mental test The relative amounts of carotenoids and 
xanthophyUs were determmed m Locusta faeces 
collected at all stages of development, together with 
the grass upon which they were feedmg It was con 
sidered that if only xanthophyUs were found m the 
faeces or if the faecal xanthophyU/carotene ratio was 
very much higher than that of grass then it would be 
strong presumptive evidence that xanthophyUs 
were preferentiaUy excreted However, it was found 
that locust faeces always contamed a considerable 
amount of undigested or partly digested grass and 
were thus always very nch m both xanthophyUs and 
carotenes, which occurred m ratios not differmg 
significmitly from those of the mgested grass It was 
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therefore impossible to reach any conclusions as to 
the abihty of the locust to absorb xanthophylls 
There is one fact -which favours the suggestion that 
carotene is the precursor of astaxanthm Astax 
anthin is formed during the mcuhation of the egg, 
and, as it is unhkely to be produced de novo, carotene 
appears to be the only possible precursor 

Oarotenoids tn the developing egg It has been 
sho-wn qmte clearly that j3 carotene is used up during 
the later stages of embryomc development amd that 
astaxanthm is formed As has just been suggested, 
it IS likely but not certam that astaxantlun is formed 
by the oxidation of |3 -carotene, even if this -were so 
the astaxanthm produced does not account for aU 
the ^ carotene -which disappears What function the 
P carotene plays m the developmg locust egg is not 
kno-wn Although carotenoids are often prefer- 
entially stored m the eggs of lo-wer animals, httle is 
known of their function, and it appears that the 
present work is the first -to demonstrate that 
carotene is actively metahohzed durmg embryomc 
development of the egg In contrast, it should be 
noted that Mann (1046) and Suomalamen (1939) 
have reported no loss of carotenoids durmg the 
development of hens’ eggs 

Any function m locust eggs which may e-ventually 
he assigned to carotenoids is perhaps unlikely to he a 
general one, for a number of insects, amongst which 
IB the orthopteran Blalella germantca (McCay, 1938, 
Bowers A McCay, 1940), can exist on a diet free from 
carotene or -vitanun A 

As has been stated earher, the amount of carotene 
m a Lociista egg pod, contammg, on the average, 
60 eggs, can amount to at least 20 jig This is of the 
same order as the amount found m a female without 
eggs and m an adult male It seems, then, that 
females absorb more carotene, perhaps by eatmg 
more food, to provide the required amount for their 
eggs, for these obnously do not obtam them carotene 
at the expense of the other body tissues The results 
of a limited number of experiments mdicate that 
Locusla and Schistocerca eggs contam respectively 
about 0 4 and 1 0 fig of ^ carotene/egg This differ 
ence is due mainly to the difference m size, for the 
■weight of a Schistocerca egg is about 0 01 g whilst 
that of a Locusla egg is about 0 06 g The concentra 
tion of carotene m Lociista and Schistocerca eggs, 
therefore, does not differ significantly, and is about 
100 fig /g of eggs (wet weight) , this is of the same 
order but somewhat lugher than the value for 
Schistocerca eggs reported by Brodskis (1944) and 
Brodskis A Rungs (1944) who obtamed 96 fig /g dry 
w eight , assummg a i alue of 30 % for the dry weight 
of the eggs, tliis reduces to about 30 fig /g wet 
weight On the other hand, the carotene content of 
grasshopper {Mclanoplus bivattus Say) eggs has been 
reported to bo 246 fig /g dry weight (Graj’son, 1942, 
Grayson A Tauber, 1943) 


Relationship hetween carotenoids and colour of 
locusts It htis already been stated that there are no 
significant differences between the carotenoid con- 
tents of greganouB and sohtary locusts, but it -will be 
mterestmg to consider the other important stage of 
colour differentiation, that accompanymg the onset 
of sexual matimty At tins stage males become 
yellow and females dark bro-wn It has been estab 
hshed m the case of Locusta, at least, that aondiox- 
onthm, the mam pigment of locusts other than the 
carotenoids, is unchanged m amount, state of oxida- 
tion and position m the mtegument* (Goodwm, 
19496) m males and females The expenmenta 
reported here (see Table 1) have sho-wn that the con- 
centration of carotene m both sexes is the same , the 
amounts m the females are somewhat greater o-wmg 
to their greater size It seems reasonable to assume 
that the yellow colour which the males assume when 
they reach maturity is due to a imgration of part of 
their carotenoids to the outer layers of the cuticle, 
for acetone -will dissolve out a considerable amount of 
carotene from a piece of yeUow cuticle carefully 
freed from fat O-wmg to techmcal diffioulties histo- 
logical confirmation of thishas not yet been achieved, 
but it is mterestmg to note m this respect that m 
males infected -with Plistophora (Table 1) the loss of 
carotene is leas than m infected females This could 
be explamed by assummg that the cuticle carotene 
in the males was only shghtly affected compared 
■with that stored m the adipose tissues, a similar 
survTval of ‘functional’ carotene was noted m the 
eggs of mfected females Chauvm (19416) has pre 
viously claimed that the yellow coloration of mature 
Schistocerca is due to p carotene 

Although the stnkmg colour differences between 
eohtary and gregarious phases cannot he due to 
differences m the carotenoid content of the insects as 
a whole, it is very likely that they are due to differ 
ences m carotenoid distribution especially near the 
cuticle 

Carotenoid distribution tn blue locusts In the 
atypical unmature female Locustathe acndioxanthm 
content was normal (Goodwm, 19496), but instead of 
containmg a mixture of carotene and astaxanthm, 
the former preponderatmg, only traces of carotene 
wore present, but astaxantlun was present m excess 
(Table 1), further, astaxanthm must have been 
present m the mtegument, for the fatty tissues of the 
body were c olourless It may be that the outstandmg 
blue colour of these locusts -was due to an mtegu- 
mentary astaxanthm protein, such as occurs m the 
purple patches of lobster carapaces (Kuhn & 
Iiederer, 1933) Such a (brown) astaxanthm complex 
has been shown to occur m the -wings of normal 
locusts, but up to now has not been found m their 

* TheaathorisgrateftiltoDrR J Daniel, Department of 
Oceanography, University of Liverpool, for the histological 
exanuoationa of the locust mtegument 
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integuments (Goodwm & Srisukh, 1949) It is 
possible that these insects were mutants m 'which an 
enzyme was produced (or activated) which either 
converts p carotene very efficiently mto astaxanthm 
or oxidatively destroys it Such genetic control of 
carotenoid metabolism m insects has been noted 
previously (Gerould, 1921, Uda, 1919, Przibram & 
Lederer, 1933) 

The value of locusts as a nutritional source of caro 
tene The nutritional importance of locusts, especi- 
ally m North Afiica, cannot be overlooked (Grant, 
1948), as the carotene content of a gutted, mature 
locust IS at least 30 /ig , the value for an mtact 
animal ■will be higher o'wmg to the presence of caro- 
■tene m the ahmentaxy tract Our mvestigations on 
whole Locusta mdicate that their carotene content 
vanes from 35 fig for ma'ture males to 70 ^g for 
mature females with eggs An average value for 
mature Schtstocerca has been given (Brodskis & 
Rungs, 1944) as 25Gfiglg dry weight which, 
ass um i n g 70% of -water, reduces to 80/ig/g wet 
weight and to about 120 fig /insect It ‘will be seen 
that locusts are as good a source of jS carotene as are 
most green vegetables In fact, it is qmte possible 
that humans would utihze ‘locust carotene’ 
rather better than ‘plant carotene’, for the 
locust pigment is associated with considerable 
amounts of fat and it is well kno'wn that the presence 
of fat generally improves carotene absorption (see 
e g Hume & Krebs, 1949) It is interesting to note 
that from the carotene vie-wpomt the higher price 
charged for well developed females (Dubois, 1893) is 
justified 

STODMARY 

1 The distnbution of carotene and astaxanthm 
has been studied m the sohtary and gregarious 
phases of two locust species Locusta mtgratona 
migratonoides R & P and Schtstocerca gregana 


1949 

Forsk The locusts were exaimned at most stages of 
development, and the relative distribution m body, 
head and pronotum, and legs was also studied 

2 In both species no significant differences m the 
carotenoid distribution m the three mam body 
regions occur bet-ween sohtary and gregarious m 
sects, further, no differences were noted between the 
two sjiecies 

3 The relative amounts of astaxanthm and caro 
tene alter durmg development In the early hopper 
stages astaxanthm comprises about 70% of the 
total carotenoids, whilst m mature msects this drops 
to below 30 % 

4 “WTien the )3 carotene content of the eggs is 
allowed for, no differences are found m the caro 
tenoid concentration of male and female msects 

6 No carotenoids -were detected m locust exu-viae 

6 Newly laid Locusta and Schtstocerca eggs con 
tarn ^ carotene to the extent of about 100 fig /g (wet 
weight) Durmg the later stages of pre-embryomo 
development )9-carotene disappears and astaxanthm 
IS formed 

6 In four atypical Locusta, which -were very dark 
blue, astaxanthm occurred m considerably mcreased 
amount and carotene only m traces 

7 Aocusto infected -with the protozoan Plwii^/iora 
store very httle carotene but normal amounts of 
astaxantlun 

8 The possible importance of locusts, which 
contain p carotene (provitaxam A) m amounts 
similar to those found m green vegetables, as a 
source of mtamm A m some native dietaries is m 
dicated 

The author is indebted to the Anti Locust Research 
Centre for material and a grant towards expenses, the help 
and ad'vuce of Drs B P Uvarov and D L Gunn of this 
centre have been mvaluable Thanks are also due to Prof 
B A. Morton not only for his kindly mterest but also for 
making available facihties and apparatus 
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The Enzymic Degradation of Adenosinetriphosphate 


By K bailey. Biochemical Laboratory, University of Cambridge 
(Received 16 May 1949) 


The present investigation arose from the observa- 
tion that samples of adenosinetriphosphate (ATP), 
freshly prepared from skeletal muscle, gave a satis 
factory phosphate cleavage with myosm adenosme- 
tnphosphatase, whilst samples stored as the barium 
salt at room temperatures were very deficient m this 
respect By the use of a specifio morgamc pyro 
phosphatase (Bailey & Webb, 1944) it was later 
shown (Bailey & Webb, unpublished) that such 
specimens contamed as much as 12 % of the labile 
phosphorus as morgamc pyrophosphate, mdicatmg 
a breakdown of ATP to this latter substance and 
adenyho acid It may be recalled that Lohmann 
(1928), before his characterization of ATP, con 
sidered the labile phosphorus of muscle to be m 
organic pyrophosphate, and did m fact isolate the 
crystaUme sodium salt Later, he considered it to 
have arisen durmg the preparative procedure 
(Lolimann, 1931) 

It IS clear that ATP preparations decomposmg m 
this way may show a satisfactory ratio of total phos 
phorus/labile phosphorus/total mtrogen, and other 
criteria of punty must be employed For this 
purpose enz 5 Tne methods have been explored The 
punty both of laboratory and commercial specimens 
of ATP has been assessed, and changes occumng 
durmg known conditions of storage have been 
followed 

EXPERIMENTAL 

Enzyme preparations 

ilyosin adcnasinclnphosphatase. Myosm was prepared m 
the conventional manner from rabbit muscle (see Bailey, 
1942), and was five times precipitated from water It was 
stored m 0 6s[ KCl at pH 7 and 0° in presence of a trace 
of toluene, and was c&cicnt enzymically over a period of 
3-4 weeks 

ilyohxnatc The method of preparation followed stnctly 
that of Colowick A Kalckar (1943) The eniyme was stored 


at 0“ as an ammomum sulphate filter cake, and dissolved m 
dilute veronal buffer (pH 7) before use As a paste, the 
enryme remains active mdefinitely 

Yeast inorganic pyrophosphatase. The pnnficd enzyme 
prepared by Bailey & Webb (1944) was found to be active 
aflCT storing at 0° for 6 years In the initial experiments, a 
new batch of crude eniyme was prepared from brewer’s 
yeast It was found that yeast autolysate, after dialysis, 
contamed not only the very active pyrophosphatase, but 
also a weak, Mg activated adenosmetnphosphatase After 
submitting the autolysate to the first four stages of the 
fisiotionation procedure of Bailey & Webb (1944), this latter 
enzyme had disappeared, leaving a very active pyrophos 
phatase suitable for the present work Although the ongmal 
enzyme has been used throughout, the preparation of new 
enzyme does not require the laborious procedure first em 
ployed Preparations must be stored as an ammomum 
sulphate protem paste at 0° 

Potato apyrase. This enzyme, discovered by Berger, 
Colowick & Slem (unpublished, see Kalckar, 1944a), sphts 
off two phosphate groups from ATP In critical experiments, 
however, it was found that preparations made according to 
the directions of Kalckar (1944o) are feebly active with 
respect both to morgamc pyropbospbate and adenyho acid 
Our fiudmgs are supported m a recent paper by Krishnan 
(1949), who has compared the substrate specificity of crude 
and purified enzyme In high concentration, even the 
purified enzyme possesses nudeotidase activity, but not at 
concentrations which are still able to spht off two phosphate 
groups from ATP It would appear, therefore, that potato 
apyrase is mixed with other phosphatases, and the useful 
ness of this enzyme is somewhat hmited 

Incubation conditions 

General After cstabhshmg the complete specificity of the 
enzyme preparations, three test systems were adopted the 
sphttmg of ATP (a) by myosm adenosmetnphosphatase, 
(6) by myosm adenosmetnphosphatase m presence of myo 
kmase, and (c) by yeast inorganic pyrophosphatase Addi 
tional experiments with potato apyrase were sometimes 
earned out In (a), only the tenmnal phosphate group is 
spht, whilst m presence of myokinase the adenosmedi 
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phosphate (ADP) fonned dismutes to adenyho aoid and 
ATP, so that m the limit, the whole of the A'I'P xs converted 
to adenyho acid With pure ATP, the phosphate spht by {a) 
should he half that of (6), but if ADP is present initially as 
impurity, (6) >2 (o) Supposmg also that mosmetnphos 
phate (ITP) is present, then, m absence of ADP impurity, 
(6) <2 (a), smce PEP is degraded to mosmediphosphate 
(IDP) by adenosmetnphosphatase, but IDP is not attacked 
by myokmase (KlemzoUor, 1942) Indirect evidence for 


Bn ATP can bo employed for a 20 cm column contammg 
3 g of resm The effluent emerges at pH 4 6, and is further 
neutralized to pH 6 6 (The resm is first activated by soakmg 
m 6n HCl overmght, washed with water, then with 4% 
Nn,COj and finally with water, the column may be re 
covered thereafter by washmg with 2 n HCl ) The remo val of 
Fe+++ m ATP preparations by resm is only partial, and m 
this respect an acid column is more efflcient than that 
described 


morgamc pyrophosphate impurity is also obtamcd if 2 (a) 

or (6) fall far short of the values calculated from the labile P RESULTS 


Without exception, tests were earned out m presence of 
excess enzyme, and the hydrolysis followed with a constant 
amount of enzyme over varymg penods of time Tempera 
tures did not exceed 26° to avoid mactivation (see below), 
but this possibihty was always assumed, and additional 
enzyme was added to several tubes of a senes towards the 
end of the mcubation penod 


The labile phosphorus of adenosinetnphosphate 
Following the procedure of Lohmann (1931) most 
workers have determmed the labile P by hydrolysing 
m n-HQ for 7 mm at 100° Both Fiske (1934) and 
Kerr (1941a), on the other hand, recommend a 


Myosin and niyolinasc A tube senes must be used rather 
than a smgle mcubation mixture, smce the sphttmg of 
phosphate m presence of Ca activator gives nse to the pro 
gressive precipitation of Ca phosphate, and accurate 
samphng is impossible Each tube contamed 1 ml 0 6m 
glycme buffer (pH 8 6 at 20°), 0 1 ml 01 m CaClj, 0 1 ml 
myosm solution (0 6 mg protem), Na ATP solution (0 2 mg 
labile P), diluted with water to 1 6 ml Another senes was 
set up sunultaneously, contammg, m addition, myokmase 
(equivalent to 6mg protem paste) The tubes wore meubated 
at 26° and the reaction arrested by addmg 0 6 ml of 10% 
(w/v) tnchloroacetio acid After standmg at least 1 hr m ice 
water, the protem was filtered off through small plugs of 
cotton wool mto 26 ml standard fiasks, and the tubes 
washed with two 1 ml portions of 3 % tnchloroacetio acid 
The free phosphate, here and below, was measured colon 
metncally m a photoelootno colonmoter by the Fiske 
Subbajow method 

Yeast pyrophosphatase and potato apyrase The mcubation 
conditions for the former have already been desenbed 
(Badey Webb, 1944) For the potato enzyme, 0 06 ml 
0 1m CaClj was added to 2 mb 0 03 m veronal (pH 7), 
followed by enzyme and ATP to a volume of 2 6 ml With 
both enzymes deprotemization was unnecessary, and the 
reaction was arrested by addition of tnchloroacetio acid to 
pHl 

Adenosinetnphosphate preparations 

Preparation The general procedure followed that of 
Lohmann as desenbed by Needham (1942) The dibanom 
salt, without drymg, was acidified to pH 1 with HCl, 
separated from any insoluble residue, and precipitated as 
the monobanum salt with an equal volume of ethanol 
(cf Kerr, 1941 o) The dibanum salt was agam prepared by 
dissolvmg the monobanum salt m water and neutrahzmg 
with NaOH m presence of a shght excess of Ba acetate 
After centnfugmg, it was converted to the monobanum salt, 
which was finally dned m ethanol, ether, and »n vacuo over 
mght All preparations were stored at 0° 

Decomposition When Ba++ is removed as sulphate m the 
manner previously desenbed (Bailey, 1942), there is a loss of 
20 % of the ATP which is adrorbed on the BaSOj This loss 
may be minimized m the following way Approximately 
half the Ba++ is removed as sulphate at pH 0 6-1, and the 
resultmg solution run through a column of prepared 
Amberhte IR-100 (see Fobs i, Meyerhof, 1947, KielTy & 
Sleyerhof, 1948) A solution eqmvalent to 0 2-0 3 g of 



Time (min ) 

Fig 1 Hydrolysis of ATP m n HCl (boihng water bath, 
1 mL samples) Inset part of curve enlarged, v, pre 
parntion 1 (3 experiments), O preparation 2 (1 expen 
ment) Both samples prepared by author 

16 min period WTidst the shorter period of 7 mm 
seems just sufficient for morgamc pyrophosphate, it 
gives values low by about 3 % m the case of ATP 
(1ml samples) If the degradation of ATP by acid 
occurs partly at the termmal P group and partly at 
the penultimate, the ADP and morgamc pyro 
phosphate thus formed will themselves follow a uni 
molecular course of hydrolysis which will be com 
plete m some penod > 7 mm The tune at which 
labile P IS just two thirds of the total P wdl occur at 
a pomt where the P remammg m pyrophosphate 
hnkage equals the phosphate contributed by the 
breakdown of adenyhc acid (more strictly, of nbose 
6 phosphate) Tins pomt, according to present 
findin gs (Fig 1), 18 9-10 min after immersion of 
1 ml samples m boihng water 

Degradation of adenosinetnphosphate by myosin 
and myokmase Fig 2 illustrates the results of a 
typical experiment with a laboratory ATP prepara 
tion A characteristic feature is the rapid mitial 
sphttmg by adenosmetnphosphatase of 40 % of the 
labile P (theory 60 %), and thereafter a slow decom 
position to the final value The latter phase could 
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represent (a) a low rate of hydrolysis at low sub 
strate concentration, (6) inhibition by ADP, (c) in 
hibition by phosphate The pomts lying near curve 
A, Fig 2, show that ATP in low concentration, 
either alone or m presence of a large excess of ADP, is 
rapidly spht, but that in presence of inorganic 
phosphate, the breakdown is relatively slow The 
mhibition by firee phosphate may be more apparent 
than real, smce m the later stages of the reaction Ca 
phosphate is precipitated The facihty with which 



Pig 2 HydrolyBiaofafirealiBpeciinenofla'boratoryATPby 
enzymes A, adenosmetnphospliatase, 3, adenosmetn 
phosphatase royokmase, each curve represents hydrolysis 
of ATP equiv to 0 17 mg labfle P #, 0 05 mg labile P 
of ATP without additions, O, 0 06 mg labile P of 
ATP + 0 23 mg labile P of ADP, x — x, 0 024 mg labile 
P of ATP +0 23 mg morganio phosphate, all m presence 
of adenosmetnphosphatase alone 

nucleotides form double salts makes it possible that 
some ATP is adsorbed by this precipitate and is less 
accessible to the enzyme The addition of morgamo 
pyrophosphate m amounts sometimes found m ATP 
preparations (see below) has no significant effect 
upon the imtial or final rates of sphttmg 

After 10 lir at 26°, the sphttmg m the presence of 
myosm and myokmase (curve B, Fig 2) is 92 % of 
the labile P, and that with myosm alone (curve A), 
47 % After tins period, the enzymes are still 
capable of splitting added ATP, so that the cessation 
of li 3 'drolysis must be due either to the attainment of 
an oquihbnum, apparent or real, or to the presence of 
impurities These pomts are more appropriately dis 
cussed below 

Inorganic pyrophosphate xn adcnosineinphosphate 
preparations Referrmg to lus prenous isolation of 
sodium pjnopliospliate from muscle, Lohmann 
(1931) comments Tlie former m\ estigations were m 
error, tlirough the spontaneous decomposition of 
this compound (ATP) ns the Ba salt m neutral or 
weaklj alkalmo solutions ’ This warning as to the 
instability of ATP seems generally to liav-e been 
Ignored 'WTien tested with j'-east pjTophosphatase, 
old preparations of ATP which contamed labile 
phosphate unavailable either to mj+ism or for the 


phosphorylation of glucose by yeast hexokmase, 
were found to contam morgamc pyrophosphate 
(Bailey & Webb, unpublished) The imique affimty 
of pyrophosphatase for its substrate gives a progress 
curve which is hnear almost to the pomt where sub 
strate is exhausted (Bailey & Webb, 1944) This 
effect IS shown agam m Fig 3 where progress curves 



Pig 3 Hydrolysis of morgamo pyrophosphate by yeast 
pyrophosphatase x — x , Na^PjO, , O — O, Pyro 
phosphate m a stored commercial ATP preparation 

are given for pyrophosphate comparable m concen- 
tration to that found m a commercial ATP prepara- 
tion which had been stored at room temperature for 
an unknown period The absolute specificity of the 
enzyme, and the similar slopes, ma k e it certam that 
the component degraded is morgamc pyrophosphate 


Table 1 Enzymic assay of inorganic pyrophosphate 
produced during storage of adcnosineinphosphate 


samples 


Inorgamo 

pyro 

phosphate 

Rato of 
breakdown 
(% of 


Date of 

(%of 

labile P/ 

ATP sample 

testmg 

labile P) 

month) 

Commercial 

1 Feb 

1 


(monocalcium salt) 

21 Sept 

12 

15 

Commercial 

16 Jan 

26 


{moaohanum salt) 

4 Hay 

5 

07 

Commercial 

16 Jan 

2 


(dibonum salt) 

21 Sept 

76 

07 

Commercial 

26 Jan 

8 


(monobanum salt) 

27 Nor 

19 

1 1 

Laboratory 

26 Jan 

1 


(monobanum salt) 

7 May 

6 

1 2 

Laboratory 

10 July 

Nil 


(monobanum salt) 

9 Sept 

1 6 

08 

Laboratory 

Dec 1047 

Nil 


(solution of Na 
salt at - 10°) 

Jime 1048 

All 

Nil 

Laboratory ADP 

Dec 1047 

1 


(solution ns abov e) 

Oct 1948 

25 

i 


Mean for Ca and Ba salts 1 0 


Both monobanum and dibanum salts, as also the 
Ca salt, break down progressiv elj to p 3 Tophosphate 
and adenj he acid on storage, even at 0° Table 1 
summarizes the pyrophosphate content of various 
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ATP preparations after storing at 0° As a per- 
centage of the labile P, the rate of production of 
inorganic pyrophosphate/month varies between the 
extremes of 0 7 and 16%, mean 1 0 % "Whether the 
water content of the preparations influences break- 
down has not been detenmned In contrast, no 
pyrophosphate has been detected after stormg solu- 
tions of Na ATP at pH 6 6m the frozen state even 
after 7 months, and only 2 6 % m a preparation of 
ADP similarly stored (this may have been present 
ongmally) 

Analysis of some adenosineiriphospliatc prepara 
tions In Table 2 are collected chemical and enzymic 
analyses of laboratory and commercial ATP pre 
parations The ratio total P/labile P (each corrected 


1949 

The labile P accounted for enzymically is never 
more than 93—96 %, even m laboratory preparations 
Commercial preparations generally contam more 
free P and morgamo pyrophosphate, and^ show a 
lower rate of sphttmg with myosm adenosmetn- 
phosphatase To check whether the enzyme assay 
gives a true measure of purity, the end products were 
isolated and agam subjected to enzyme action The 
assay by the muscle enzymes was also compared 
with the action of potato apyrase 

The action of potato apyrase on adenosinetriphos- 
phate Kalckar (1944:0) records that the temnnal 
group of ATP IS spht faster than that of ADP The 
progress curve, given m Fig 4, consists of two por- 
tions, the first representmg mainl y the sphttmg of 


Table 2 Chemical and enzymic analysis of commercial and laboratory preparations 

of adenosinetriphosphaie ^ 

Chemical analysis as Enzymic analysis as percentage 

percentage of total P* of labile (10 mm.) P 




Total P 



Ratio 
total P/ 


ATPasef 

+ 

Pyro 

phosphatase 

Source 

Type of salt 

(%) 

Labile P 

Free P 

labile P 

ATPaset myokmase 

(yeast) 

Author 

Monobanum 

1196 

7 85 

0 05 

1 62 

446 

92 

1 

(fresh samplet) 

As above 


— 

— 

— 

— 

43 

86 

6 

(stored 3 months) 

Author 

Monobanum 

11 0 

7 65 

014 

146 

41 6 

916 

16 

(stored 6 weeks) 

E JAI 

Monobanum 

— 

— 

— 

— 

46 

92 

16 

Commercial 

Monobanum 

1107 

8 25 

08 

141 

346 

71 

19 

(stored 1 yr ) 

Commercial 

(fresh) 

Dibanum 

8 95 

5 75 

13 

1 66 
(1 46) 

43 

87 

2 

As above, stored 


— 

— 

— 

— 

38 

82 

76 

4 months 

Author (stored 2 yr 
at room temp ) 

Dibanum 

9 66 

64 

26 

1 79 
(163) 

18 

61 6 

41 

Advanced class 
(stored 6 yr at 

Dibanum 

7 76 

4 72 

1 66 

1 64 
(1 48) 

Nil 

2(?) 

96 6 


room temp ) 


* Total P and labile P are corrected for morgamo phosphate, fignres m parentheses are derived from total P and labde P 
not corrected for morgamo phosphate (see text) 
t ATPase = adenosmetnpho8pnatase 
J Atomic ratio P/N calc 3/6, found 3/4 98 


for morgamo phosphate) is near the theoretical value 
of 1 6 m fresh laboratory specimens "Where the pre- 
parations have been stored, the free morgamo 
phosphate is high, and the ratio is only satisfactory 
if this latter is added both to labile and total P This 
fact alone mdicates some breakdown to ADP and 
phosphate, and the enzymuc analyses support the 
inforen ce , 1 e m these cases the sphttmg by myosm 
myokmase is more than twice that with myosm 
alone, mdicatmg the presence of fi:ee ADP The 
breakdown of ATP to morgamo pyrophosphate on 
storage is thus accompamed by a less extensive de- 
composition to ADP and phosphate 


the termmal phosphate of ATP, and the second that 
of ADP A break occurs when most of the ATP is 
degraded to ADP and another when hydrolysis is 
complete A somewhat similar curve was obtamed 
by Albaum & Bletzkm (1948) with ATP from Droso 
phila mdanogaster The total sphttmg is 7 % above 
that obtamed with myosm + myokmase, but of the 
6 % morgamo pyrophosphate present, 2—3 % will 
have undergone hydrol 3 sis by the pyrophosphatase 
present m the potato enzyme Dnder the conditions 
of the experiment, the nucleotidase action can be 
neglected (Imtial hydrolysis rates of ATP , Na pyro 
phosphate and adenyhc acid by apyrase are m the 
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ratio 1, 0 01 and 0 003 respectively ) Thus, it -would 
appear that the true ATP content is some 4 % higher 
than that mdioated by use of the muscle enzymes 
This figure is -vindicated by e-spieriments with ATP 
preparations con tainmg no morgamc pyrophosphate, 
and by the isolation ejqpenments below 



Pig 4 Hydrolysis of ATP by potato apyrase Dotted 
ourves A, level of splitting with yeast pyrophoaphataee, 
B, -with adenosinetnphoaphataso, 0, with adenoamotn 
phosphatase-myokroase 

Isolatum of end products after the actum of 
myoatn or myosin plus myohinase 

The ATP solution is incubated for about 7 hr at 26° -mth 
myosin (or myoam + myokmase) under the standard condi 
tions The digest is adjusted to pH 6 with HCl, the preoipi 
tate of protom centrifuged off and the extent of hydrolysis 
determined on a sample of the supernatant hquid An 


excess of Ba acetate (final concentration 0 1 %) is added and 
NaOH to a pH of 7, foUo-wed by ethanol to a final concentra- 
tion of 60% (v/v) After cooling to 0°, the Ba salts are 
centnfnged down, suspended m water, and HNOj added to 
pH 1 The nucleotides are now precipitated m the usual 
manner (c£ Needham, 1942) -with the Lohmann mercury 
reagent, decomposed -with H^ and neutralized (after 
aeration) -with Ba acetate and NaOH (final pH 7 5) After 
addition of an equal volume of ethanol, the Ba salts are 
separated, dried in ethanol and ether, and subjected to 
eniymic analysis 

Table 3 sumumnzes the results of three expen 
ments, two -with the end products after the action of 
myosm alone, and one after myosm-l-myokmase 
The recovery of labile P m the case of the first two 
experiments is 60-80 % of the calculated amount, 
and most of the inorganic pyrophosphate present is 
recovered The recovery of labile P from myosm- 
myokinase digests, on the other hand, is always low, 
and most of the morgamc pyrophosphate la now not 
precipitated -with the Lohmann reagent (This agam 
illustrates how readily the nucleo-tides form double 
salts (cf Kerr, 19416) ) The recovery of any unde- 
composed ATP IB probably greater than the overall 
figures for the total recovery of labile P, so that the 
values derived m columns (6) of Table 3, corrected 
for isolation losses, are ma-ximal They mdicate that 
the assay of ATP by the muscle enzymes is 1-2 5 % 
low In the best laboratory preparations, therefore, 
some 4—6 % of the labile P has not been identified 
(see Table 2) 

A possible impunty -was at first thought to be guanyho 
acid, which accordmg to Herr A Seraidanan (1946) is 
present m the trichloroacetic extracts of vanous tiBsues, 
though the amount m skeletal muscle (dog) amounts only to 
3% of the adenme nucleotides This probably arises by 


Table 3 Isolation and analysis of the end products after enzymic hreal doun of adenosinetnphoaphate 


(All -values expressed as percentage of labUe phosphorus ) 


ATP sample 
Jlothod of degradation 

Ongmal analysis 
Split hy adenosmetnphosphatase 
Spht by adenosmetnphosphatase myokmase 
Spht bv pyrophosphatase (yeast) 

Analysis of large-scale digest 
Labile P spht 

Labile P recovered as jpexcentage of calc value 
Analysis of recovered end products J 
Split bj adenosmetnphosphatase 
Split bv adenosmetnphosphatase myokmase 
Spht bv pjTophosphataso 


Exp 1 

Exp 2 

Exp 3 

Laboratory 

Commercial 

Commercnal 

ATPase* 

ATPase* 

ATPase*- 

myokinttse 

46 

33 

36 6 

92 

69 6 

806 

16 

14 6 

12 0 

46 

33 

80 

79 

61 

6t 

(c) (6) 

(a) 

(6) 

(a) 

(6) 

4 2-4 

25 

1 8 

26 

12 

8S — 

64 — 

14 6 — 

4 — 

25 — 

45^ — 


* ATPa'e= adenosmetnphosphatase 

-(- Recovery hero on the basis of labile P other than morgamc p-vrophosphate 
\ alucs (o) as ncrcentacc of labilo P nresent. in tlm nmtoimi T,wwivin+- cii , 


after ren^ctmn“fofSnon k ^ percentage of ongmal labile P of digest 

J Of the ongmal morgamc pyrophosphate 95% was recovered from the water soluble Hg salts 
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degradation of tissue nucleic acid m tnchloroacctio aoid 
(cf Kaplan L Neuberg, 1944) ^Vhen ATP is hjdrolysed for 
10 mm m K HCl, a substance is liberated ■which gi\ es a blue 
colour -with the Fobn phenol reagent in alkah, though the 
ongmal ATP contams no ehromogonie mntenal If the 
latter ■were a ehromogonie purme (guanmo or ■^anthmo) 
liberated from glyoosidio Imkage, the amount should remain 
constant after 16 mm ■when hydrolysis is nrtually complete 
It -was found, however, that the amount steadily mcreased 
■with contmued hydrolysis, and that pure adenine itself was 
transformed m the same way This rcaetion is worthy of 
further study 

Control ovpeninonts hud sho^wn that under the conditions 
of moubation of ATP in alkahno glycmo buffer, no dogradn 
tion to morgame pyrophosphate or free phosphate occurred 
The possibility that some of the tmssmg labile P had arisen 
by the enzymic production of pyrophosphate was also 
checked In these evpenments, it ■was necessary to acidify 
the myosm myokmase digests to pH 6 to mactivate adeno 
sinetnphosphatase, to reneutralizo to pH 7, add i eronal 
buffer pH 7, and to swamp the with a tenfold con 
centration of Mg++ to allou the action of p 3 TOphosphataso, 
which IS antagonized by Ca^*-'- {Badey L Webb, 1044) The 
difference m free phosphate before and after addition of 
pyrophosphatase was always ■withm the experimental 
error It "was also sho^wn that digests hydrolysed to the 
fullest extent, cither by myosin or myosm myokmase, and 
then subjected to 10 mm hydrolysis m acid, contamed the 
amount of labile P added at the beginning of the oxpemnont 
None IS lost, therefore, by transfer to a more stable form 

Adenosinedtphosphate m musde Since ADP 
functions as phosphate acceptor in several reactions 
of the glycolytic cycle, and also as the substrate for 
myokmase, it seems unhkely that any appreciable 

Table 4 Enzymic analysis of the crude banum salts 
from trichloroacetic extracts of muscle 

Phosphate spht as 
percentage labile P 

A 

Muscle Mode of ATPaso* 

(rabbit) preparation ATPase* myokmase 


Fresh 

Ba salts pptd at 
pH 6 6, washed twice 

41 

81 

Fresh 

As above, then pptd 
m ethanol HCl 

45 6 

91 

Stood 6 hr 
at 16° 

Ba salts pptd at 
pH 6 6, washed twice 

36t 

70t 

Stood 6 hr 
at 16° 

As above, then pptd 
m ethanol HCl 

44 

88 


* ATPase=adenosmetnphosphate8e 
t Hydrolysis probably mcomplete, owing to large 
amounts of morgonio phosphate present 

concentration ever exists in mucle Trichloroacetic 
extracts of fresh and ngor muscle ■were examined for 
the presence of ADP (a) by analysing the Ba salts 
precipitated at pH 7 and again after removal of free 
phosphate (6) No e^vidence of ADP m identifiable 
amounts was found m these crude fractions (Table 4) 
Method (a) suffers from the disad^vantage that the 
large amounts of free phosphate present make 


1949 

enzymic analysis difficult, whilst m (b) some ADP 
may bo lost in the ethanol-HCl procedure used for 
the removal of phosphate The presence of a small 
amount of ADP can, however, be shown m the mother 
liquors obtained after precipitatmg ATP 

The once precipitated Ba salt of ATP (11 9 g ) was dis 
solved m 30 ml ^'HC1, diluted ■with water and precipitated 
ns the dibanum salt (total volume 1 2 L) The precipitate 
was spun do^wn, dissolved m HCl (total volume 600 ml, 
pH 2) and an equal volume of ethanol added. The combmed 
mother hquors wore neutralized to pH 7 6, an equal volume 
of ethanol added, and the precipitated Ba salt dried and de 
composed Enzymic analysis gave (as percentage of the 
labile P) spht by myosm, 23%, b^' myosm myokmase, 
88 % , by pyrophosphatase, 4 % Of the labile P, 42 % thus 
existed ns ADP, correspondmg to 1 1 % of the labile P of the 
ongmal ATP 

Allowmg that the startmg material had been sub 
jected to some purification, and that the final pro 
duct might stdl contam some ADP, the true ADP 
content cannot exceed this figure greatly, smee 
larger amounts (up to 6 % of the total labile P) would 
be discovered by direct enzyrmc assay of the mam 
ATP preparation By contrast, Kalckar (1947) 
infers that considerable amounts of ADP are present 
m gumea pig and hamster muscle 

DISCUSSION 

Thepunty and stability of adenosinetnphosphate 

The present results mdicate that ATP preparations 
made by current modifications of the Lohmann 
method and precipitated 2—4 tunes are at least 96 % 
pure Wlien freshly prepared they contam loss than 
1 % morgame pyrophosphate, winch mcreases on 
storage at 0° at the rate of 1 %/month Both calcium 
and banum salts are subject to this change, and one 
sample of a dry sodium salt, stored at room temper- 
ature for a long penod, had entirely decomposed 
A less extensive breakdo^wn ■to ADP and phosphate 
also occurs If ATP samples have been prepared via 
the monocalcium or monobarium salt, the presence 
of free phosphate is itself mdicative of extensive 
decomposition 

The complete enzymic assay of ATP preparations 
before use for other purposes may not always be 
possible In this case, it is adinsable to use ATP 
samples of knoivn history and to check the extent of 
decomposition "with yeast pyrophosphatase Tins 
latter enzyme can be prepared m a form which is 
stable over many years, and the amounts required 
do not necessitate deprotemization 

It has not been possible to extend the mvestiga 
tion to the effect of ■water content on the decomposi- 
tion of ATP salts, though neghgible breakdo^wn 
occurs when solutions of the sodium salt are stored 
at — 10° Recently, it has been found that ATP can 
be precipitated quantitatively as the benzidme salt 
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from aqueous ethanol at aeid pH, and is quanti- 
tatively recovered by decomposmg the complex 
with ^phunc acid, which forms the insoluble 
benzidme sulphate The decomposition of hanum- 
ATP, on the other hand, always mvolves some loss of 
nucleotide, whilst that of the acndme compound 
necessitates ether extraction These advantages of 
benzidme as a precipitant for ATP will be enhanced 
if the complex is found to he more stable than the 
metallic salta of ATP 

Tlie enzyme systems 

Whilst the use of myosm adenosmetnphospbatase 
alone, and m conjunction with myokmase, is m 
theory ideal for the determmation of mixtures of 
ATP and ADP, the practical apphcation is more 
difficult than was at first reahzed (of Bailey, 1948 a) 
The mam disadvantage hes m the slow hydrolysis of 
ATP by adenosmetnphosphatase m the later stages 
of the reaction, when the substrate is almost ex- 
hausted and inorganic phosphate has accumulated 
Previous workers (e g Rapoport & Nelson, 1946) 
who have used myosm for the assay of ATP m bio 
logical material do not seem to have been aware of 
this effect, which is probably due to adsorption of 
ATP on the precipitated calcium phosphate The 
long mcuhations necessctry for the assay of ATP by 
adenosmetnphosphatase (7-10 hr at 26°) demand 
that the myosm be free from myokmase, and 4-6 
precipitations are essential 

As an alternative to the use of myosm, potato 
apyrase is not entirely specific, and shows a feeble 
morgamc pyrophosphatase activity, and a still 
feebler action upon adenyho acid Except for very 
precise analjeis, these disadvantages are not serious 
The usefulness of apyrase has been fully demon 
strated by Kalckar (1944b), who has been able to 
differentiate the two labile phosphate groups of 
ATP m wluoh “'‘P had been mcorporated The ter 
mmal group was isolated by the yeast hexokinase 
reaction and both groups by the action of apyrase 
The same differentiation or, if need be, the assay of 
mixtures of ADP and ATP, can be achieved by the 
use of hexokinase actmg smgly and m conjunction 
with myolunase (Kalckar, 1943) Unfortunately, 
the preparation of pure yeast hexokmase is a formid- 
able task (cf Bailey A Webb, 1948), and less pure 
preparations mnj bo contammated with adenosme 
triphosphatase (KioUj A jMeyerhof, 1948) Kalckar 
(1947) later made use of apjTOse m the do\ elopment 
of an optical micromethod for the determination of 
adenine compoimds, basing the method upon the 
marked change m the ultraviolet absorption when 
adenine, free or combmed, is deammated to hypo 
xniithme In this way adem he acid can be estimated 
after the action of muscle deanunase, ADP hi m\ o 
kmnso m conjimction mth deammoso, and ATP b\ 
np\-mso and deammase 

Biochem. 1949, 45 


Fmahy, some mention must be made of the claims 
ofBanga (1947) andof Banga & Josepovits (1947 o, b) 
with respect to the action of myosm on ATP It is 
claimed that part of the ATP is degraded to ADP 
and part utilized m the formation of a dmucleoside 
pentaphosphate The isolated dmucleotide shows 
some sphttmg m presence of myosm, but the pro- 
duction of morgamc phosphate is much greater in 
presence of myosm plus 'protem n’ The latter, as 
already pomted out (Bailey, 19486), exhibits many 
of the properties of myokmase, and there is nothmg 
m its manner of preparation which suggests its 
elimination The obvious explanations for these 
results seem to have been meticulously avoided 
Fust, m the action of myosm on ATP, only 33 % of 
the labile phosphorus is spht, and the manner of 
isolation of the end products would give a product 
contammg a mixture of ATP, ADP and morgamc 
pyrophosphate (if present) The renewed action of 
myosm itself on thm mixture would affect only the 
ATP component, but actmg m conjunction wuth 
protem n (myokmase), both ATP and ADP would 
bedegradedto adenyhc acidandmorgamcphosphate 
Secondly, ammoma formation mdicates the 
presence of adenyhc acid deammase m protem n 
When the latter is added to the mixture, the ADP 
already present dismutes to ATP and adenyhc acid 
by the action of myokmase, and the adenyho is at 
once deammated The deamination process itself 
speeds up the chsmutation by removmg one com 
ponent of an equihbnum mixture, so that the mitial 
formation of ammoma would be very rapid This 
was actually observed Later, ammoma production 
keeps pace with the sphttmg of phosphate, and this 
too can be explamed, smce the production of ADP, 
and hence of adenyhc acid, is controlled by the hydro 
lysis of ATP by myosm, which becomes the limitmg 
reaction The overall reaction is 

ATP -1-2PO" -b NHj + mosmic acid 

Expressed as a percentage of the total labile phos- 
phorus and total ammo mtrogen respectively, the 
hberation of five phosphorus and of ammonia must 
comcide The results do not support the claim of 
Banga A Josepovits (19476) that the action of 
myosm on ATP produces, m addition to the di- 
nucleotide, an isomenc ADP m which a phosphate 
group IS linked to the ammo group of adenmo Not 
only are Banga’s results unwarranted on the experi- 
mental evidence, but they can readily be explamed 
m terms of known enzjme ejistems 

smniARY 

1 Tlie enzymic assay of adenosmetnphosphate 
and adenosmediphosphate, either smgly or m mix- 
tures, lias been explored by use of mj osm adenosme 
tnphosphatase acting alone and m conjunction with 

31 
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myokmase A disadvantage of tlie method is the 
slow hydrolysis of adenosinetnphosphate m the 
final stages of the reaction 

2 Metafile salts of adenosmetnphosphate are 
shown to be unstable and break down on storage to 
adenyhc acid and morgamc pyrophosphate, and to 
a less extent to adenosmediphosphate and morgamo 
phosphate 

3 The best preparations of adenosinetriphos- 
phate are at least 96 % pure The possibility that 
some impurity is present is not excluded 


1949 

4 The use of potato apyrase for the assay of adeno 
smetriphosphate is restricted by its contammation 
with a nucleotidase and an morgamc pyrophospha 
tase 

6 Both m Jfresh and m rigor muscle, the adeno 
smediphosphate present is less than 6 % and prob 
ably greater than 1 % of the labile nucleotide phos 
phorus 

6 The claims of Banga concerning the action 
of muscle enzymes on adenosmetnphosphate are 
cnticized 
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Preparation of the Antibiotic Nisin 

By N J BERRIDGE 

National Institute for Research in Dairying, University of Reading 
{Received 20 May 1940) 


The early pharmacological work with nism, pre 
pared firom Streptococcus laciis (Lancefield group N) 
(Mattick & Bbrsch, 1947) was remarkable for the 
success which attended the use of crude concen 
trates Nevertheless, it was obvious that more 
potent material would be required for human 
therapy and for experiments with the less sensitive 
pathogens A note (Bemdge, 1947) added to the 
paper of Mattiok & Hirsch showed that higlily active 
preparations m the form of crystals or tactoids could 
convemently be made The details of a number of 
such preparations are now desenbed 

AIETHODS 

(1) The unit of antibiotic adtvtiy A preparation of msin 
powder was chosen as a standard, and its activity defined as 
1 3 xmite! fig , 1 nnit will normally just inhibit the growth of 


the test organism. Strep agaladiae, m 1 mk of broth (test 
Ai), and is roughly equal to the unit of 5Iattiok & Hirsoh 
(2) Measurement of antibiotic adimty Three tests were 
given a prolonged trial dnrmg this work A, Baotenostatio 
tests ( 1 ) dilutions of the antibiotic m powers of 2 m moon 
lated broth, with the recording of growth after 16 hr and 
40 hr as + , + + or + + + , (u) dilution of the antibiotic m 
powers of 1 3-1 6 m broth or skun milk heavily seeded with 
sensitive acid fomung organisms with the recordmg of pH 
after 10-16 hr incubation, and B, an apparently baetencidal 
teat m which the proportion of orgamsms surviving a few 
mmutes’ contact with the antibiotic diluted m powers of 4 
was detemuned by the plate count It is qmte possible that 
different activities were measured by the different methods 
The details of the methods are as follows 

Method Ai This did not differ signiffcantly from that 
described by Mattick A Hirsch (1947) 

Method A u The mam samples were diluted on the basis 
of an assumed activity to give solutions with about 10 umts/ 
ml Smtably spaced volumes (e g fimm 0 08 mL mcreasmg 
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by powers of 1 6 to 1 20 ml ) were measured fimm a micro- 
burette mto a senes of sterile test tubes 3?or each set of 
deteimmations earned out on the same day with the same 
preparation of test organism, a standard nism solution 
freshly diluted to 10 umte/ml was dispensed similarly but 
over a smaller range and at doser mtervals (e g from 
0 1 ml nsmg by morements of 0 03 ml to 0 70 ml.) 
Pasteurized skim rmlk tmted with htmus was modulated 
with 1% (v/v) of a 24 (±3) hr culture of Strep cremoT\s 
(stram 1 P6) and 10 mL mixed with the nism solutions The 
tubes were then monbated at 22° The progressive reduction 
of the htmus by the growing micro orgamsma, and the final 
clottmg of the milk, enabled the state of each test to be 
observed at a glance After about 10 hr mcuhation pH 
determmations were made on each partly grown culture 
Prom the graph of nism concentration against pH, drawn 
from the standard, it was then possible to determme the 
activity of the unknown solutions If mcuhation was too 
prolonged the graph from the standard teat became too 
steep, there bemg then only one or two mtermediate pomta 
between which to draw the useful part of the curve The 
same techmque has been followed nsmg yeastrel dextrose 
broth m place of milk. The heavy moculum, and the rapid 
growth of the teat organism at a comparatively low tempera 
true, made it possible to dispense with most of the usual 
precautions of asepsis, but samples were freed from gross 
contammation by being diluted m 0-06 K HCl 
The uncertamties m constructing and usmg the standard 
graphs gave an error of less than db 10 % m the final figures 
The method was based on a suggestion of Hirsoh, which he 
has smee subjected to considerable study and elaborated mto 
a ‘lag phase assay’ (usmg Strep agalacttae), the reproduci 
bility of which has been statistically analysed (Hrrsch, 1049) 
Method's AO 001% suspension of a 24 (±3) hr culture 
of Strep agatadtae, givmg a plate count of 3000-6000/nil , 
ivns allowed to stand for 6 nun m contact with serial 
dilutions of standard nism dtmimshmg firom 60 umts/mL m 
powers of 2, and of unknown solutions dimimahmg firom 
about 100 umts/ml m powers of 4, 0 1 ml of each mixture 
was then plated with 10 ml of melted cooled agar and 
counts made after 24r-48 hr mcuhation at 37° Reductions 
of 30-70% m the count usually occurred between 6 and 
60 umts/ml 

A rough graph was made hy joinmg with straight hues 
the pomts obtamed when x was plotted against y, where 
a;=log (lOOa/b), a =numbor of orgamama surviving contact 
■noth nism, 6=number of hvmg organisms before addmg 
lusin, and y=msm concentration m contact with the 
organisms m the broth suspensions The activities m the 
unknown solution were then obtamed by mtcrpolation 
Although the variations from day to day were great, and 
although there were factors of unknown magmtude such as 
the number of organisms killed m, for example, tube no 2 
before transferrmg 1 ml to tube no 3, it was anticipated 
that they would bo overcome by the proparmg of a standard 
graph for each set of detcrmmntions However, this was 
not so, for after a few months trial the method appeared 
onh a httlo better than method Ai and was therefore 
abandoned in favour of Ai for ordman and An for special 
purposes although bv this time it had been used for most of 
the experiments in punfvmg and civstaUizmg nism The 
plate counts of Strep agaladiac ha\c shown a reproduci 
biliti imusual with long-chained organisms This and other 
asjiects of the 'bactericidal action’ of nism have been 
oxammed m detad by Hirsch (1940) 


At an early stage of the work the use of Strep cremoris 
m a test hke Ai led to the preparation of a concentrate 
active against this organism but without effect upon Strep 
agalacttae Therefore test An with Str^ cremorts has been 
used only when its different sensitivity was not hkely to be 
nusleadmg 

(3) Determination of specific activity Samples, usually of 
0 1 ml , of nism solutions were dned at 98-100° m small 
platmum dishes, weighed on the microbalanco, ashed, and 
reweighed as described elsewhere (Bemdge, 1946) The 
specific activities were calculated m umte/fig of orgamo 
matter 

(4) Determination of nitrogen 'The micro K-jeldahl method 
of Tompkms & Kirk ^942) was used hut with the digestion 
mixture of Campbell & Hanna (1937) 

(6) Apparatus for coding at a controlled rate This was used 
for some of the later orystallizationB 

A contact thermometer (electro methods) m which the 
temperature settmg could be controlled by rotating a 
magnet, was set up m a thermostatically controlled water 
bath A tram of Meccano gears and cham drives was then 
arranged between a synchronous electric motor and the 
controUmg magnet so that the temperature of the water 
bath could be changed at any desired rate The small 
fluctuation penmtted by the contact thermometer appeared 
to be unimportant With the help of a cooling coil connected 
to the mam water supply, temperatures somewhat below 
room temperature could be reached. 

(6) Diffusion measurements Diffusion was allowed to 
take place through a smtered glass disk according to the 
techmque desenbed by Northrop & Anson (1929) (see also 
Gordon, 1046) Speoitd precautions were taken to overcome 
vibration, and the temperature was regulated at 26± 0 003° 
The vessel was standardized with 0 1 n KCl usmg the value 
for the mtegral diffusion coefficient Di = 183 8 x 10“’ cm ’/ 
sec (Gordon, 1046) Measurements with msm were made by 
comparmg the activities of the mner and outer solutions 
accordmg to method An. 

(7) Sdubility determinations The nism suspensions were 
allowed to reach equihbnnm m bottle shaped vessels of 
about 0 6 ml capacity, each containing a newly made glass 
bead of smooth bright surface, which stirred the suspension 
while the bottle was rotated m a vertical plane The bus 
pensions were transferred to the bottles with a Pasteur 
pipette havmg a waxed tip By filling exactly to the neck it 
was possible to avoid bubbles and at the same time to 
achieve adequate stimng In order to avoid a partial 
vacuum m the bottles after seahng, the necks were first 
pulled out to very fine tips, allowed to cool and finaUv 
sealed with a nunute flame The sealed bottles were packed 
m cotton wool and immersed m crushed ice m a quart 
’Thermos flask which was rotated m a vertical plaue After 
equihbnum had been reached the suspensions were allowed 
to settle for several days and the supernatant solutions 
removed by pipette This process was repeated to ensure 
freedom from contamination by traces of sohd, and the 
nitrogen content of the solutions determmed. 

PREPARATIONS 

Preparation of crude concentrates ’The uism produemg 
organism was a Strep ladis (Lancefield group N) stram 
M354/07, identical with that used by Mattick L Hirsch 
(1947) It was propagated by daily subcultunng m veast 
dextrose lemco broth, m which medium msiy* was also 


31 2 
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readJy formed Stock cultures were kept m bullock’s heart sufficient KHjPOi u-as added to brmg the concentration to 
medium m the refngerator molar, 10 Mg, and after solution, the pH ivas raised to 

Concentrates •ivoro made by a method similar to that of 0 11 with concentrated KOH Cabont 10 mb) The precipi 

Mattick Hirsoh, viz adsoiption on to a CHCI 3 emulsion tato, which began to form before the pH reached 3, in 

followed by removal of the CHCI 3 After growth the broth creased until about pH 6 , and decreased agam greatly by 

was acidified to pH 1 9d;0 1 , allowed to stand for 1 or pHO That which remamed was allowed to stand until well 

2 days and siphoned off The pH was raised to 6 0 and 3 % flocoulated, but oven so the supernatant hqmd obtained by 

(v/v) CHClj emulsified with the hroth and kept suspended centnfugmg was not clear A clear supernatant was pro 

for about 30 mm After 2 hr setthng the supernatant hqmd ducod, however, by a second centnfugmg after the hqmd 

was siphoned off The residue was acidified with 0 12 ml had been allowed to stand overmght m the refrigerator 
of IOn HCl/1 of ongmal broth, the CHClj distiUcd off tn Thus a mam and a eubsidiaiy precipitate were obtamed. 

waio below 40° and the romammg suspension filtered at The mam precipitate was dissohed m 30 ml of distilled 

pH 1 6±0 1 The filtrate u-ns boiled to destroy possible water and adjusted with HCl to a final pH of 1 9 The 

enzymes and concentrated fivefold tn laciio An mactivo solution had an activity of 260,000 umts/ml The total 

precipitate was removed by rnismg the pH to 1 9^:0 1 and activities evistmg at the vanous stages are recorded m 

addmg 2 vol of ethanol and 1 of other, the nism itself was Table 2 

precipitated with a further 3 vol of ethanol and 6 of ether 


and dned with ethanol and ether Powders so prepared 
usually had specific activities of about 1 unit/jig 
FradionaUon tn phosphate buffer It was found that a 
product of seven or eight times tho specific activity of the 
crude matenal could bo prepared by treatment with it K 
phosphate at pH 0 1, most of tho activity romainmg m tho 
small msolnble portion A solution of precipitate prepared 
m this way had a specific activity of 8 umts//ig , and a dry 
powder with a specific activity of 8 units/pg was obtamed 
by precipitation with alcohol and other 
The effect of pH on the fiwotionation was explored m an 
experiment m which 0 60 g of crude powder (kmdly 
Buppbed by Bonger’s Ltd ) was suspended m 12 ml 
ir HjPOj, and precipitates were obtamed and separated 
serially ns the pH was raised finm 1 4 through 2 3 and 3 8 
to >6 and <7 After dissolvmg the precipitates mO 05 n HCl 
their activities and organic dry weights were determmed, 
giving the results shown m Table 1, from which it is clear 
that fractionation at the lower pH values gives less mcrease 
m purity than was obtamed m the previous experiments 

Table 1 Fractionation in molar potassium 
phosphates at vanous pH values 



Total 

Spiecifio 


activity 

activity 


(umts X 10 *) 

(umts/fig ) 

Ongmal powder 

00 

1 

Fraction 

(1) Precipitate at pH 1 4 

00 

34 

(2) Precipitatmg between 

02 

38 

pH 1 4 and 2 3 

(3) Precipitatmg between 

01 

19 

pH 2 3 and 3 8 

(4) Remammg soluble at 

0 08 

02 

pH 3 8 to > 6 and <7 

Recovered m fractions 

0 98 



The mcrease m total activity shown m Table 1 contra 
dieted the first four experiments m which the yields appeared 
to be very low The gams ocourrmg m the foUowmg detailed 
example of the fractionation at pH 6 1 m ii K phosphate 
were therefore determmed as aooumtely as the method 
of activity measurement ( 6 ) would allow Nism powder 
(6 36 g , 0 9 xmit/jig ) was dissolved m 106 ml of 0 Ik Hd 
givmg a turbid mixture of pH 0 9 The precipitate obtamed 
on centnfugmg dissolved readily m 0 06 k HCI and was 
added to the nism residues To the supernatant hqmd 


Table 2 Increases tn activity dunng fractionation 
in phosphate buffer 

Total activity 
(umts X 10 *) 

Startmg matenal (6 35 g at 0 9 umt/pg ) — 4 8 

Solution m 0 Ik HCl (A) 4 6 ) „ „ 

Precipitate from 01k HCl 10)°'^ 

Solution (A) after addmg phosphate and — 6 6 
adjustmg to pH 0 1 (sample ‘activated’ 
by standing overmght m 100 ml O 05 k 
HCl) 

Solution of mam precipitate 7 8 

Solution of subsidiory precipitate 0 4-86 

Supernatant buffer solution (after acid 0 3. 
‘activation’ ns above) 

In this experiment, therefore, 7 8 x 10® umts, with a 
specific activity of presumably about 8 umte/pg , were pre 
pared from 4 8 x 10* umts, with a specific activity of 
0 9 imit/pg This apparent mcrease has been confirmed but 
not further mvestigated. 

Further purification by fractional precipitation with 
sodium chloride An exploratory fractionation of the 
solution from the above experiment was made bv dissolvmg 
m it gradually moreasmg quantities of NaCl, centnfugmg as 
soon os a fifth to a tenth of the nism appeared to be pre 
cipitated, and repeatmg the process until no further pre 
cipitate appeared In this way five roughly equal fractions 
were obtamed Then- specific activities -were respectively 
20, 18, 27, 24 and 6 0 umts/pg There seemed to be a loss of 
about 60%, but the activities of some of the acid solutions 
of the precipitates mcreased on keepmg Attempts to 
purify these fractions further by other methods, which are 
desenbed below, were unsuccessful Purification was there 
fore Bgam attempted with fresh matenal 

Crude Tnmn powder was fractionated with phosphate 
buffer as already desenbed, givmg a solution of purified 
nimn m dilute HCI at pH 2 A shght precipitate produced by 
addmg NaCl was discarded, and the bulk of the msm then 
precipitated by saturation with NaCl and redissolved at 
pH 1 8 Prom 10 milhon umts of crude msm 130 inL of 
purified solution contammg 17 milhon mute were obtamed, 
an mcrease as before Seven portions of NaCl were added m 
turn to this solution, the precipitate salted out by each 
being colleoted for the detcnnmation of total and specific 
activity The procedure and results are summarized m 
Table 3 The final solution at pH 1 0 contamed an msigmfi 
cant quantity of msm 
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Table 3 Fractionation of mem solutions by precipitation with sodium chloride 

(Onginal solution 17 x 10* units m 130 mb at pH 1 8, prepared by phosphate fractionation and prehminary precipitation 
with NaCL NaCl (x g ) was added to supernatant number (T) to give precipitate number (T + 1) ) 

Resuspended precipitate (T + l) 


Supernatant 

NaCl 

Precipitate 

f 

Specific 

Total 


number 

added 

number 

activity 

activity 


(r) 

(®6) 

(7 + 1) 

(umts/pg ) 

(umts X 10*) 

pH 

0 

46 

1 

20 

— 

23 

1 

1 

2 

30 

29 

— 

2 

1 

3 

23 

17 

25 

3 

1 5 

4 

31 

1-4 

— 

4 

3 

6 

34 

26 

26 

6 

46 

0 

17 

10 

— 

6 

16 

7 

16 

09 

28 

7 

— 

— 

— 

— 

10 


Thus, considerable increases m specific activity could be 
achieved by fractionation with NaCL 

Crystallization Precipitates 2, 3 and 4 (selected before the 
specific activities had been determined) were muted (20 ml 
m all), adjusted to pH 2 and the solution saturated with 
NaCl The rcsultmg precipitate was washed with 3 mb of 
distilled water, and then extracted three tunes with distilled 
water contammg sufficient NaOH to give, m the mixture, a 
pH of G 2, as described for extractions at pH 6 6 under 
‘ Othormethods of concentration and fractionation’ (p 491) 
Numerous attempts were made to crystalhze these extracte 
by 1 anoua techniques, especially by several different ways of 
slowly addmg NaQ The precipitates obtamed were always 
granular and amorphous, but occasionally they contamed 
a minute proportion of straight needles The third of the 
extracts had been precipitated with NaCl several tunes at 
pH 2 when ccystaUization from ethanol was attempted. An. 
equal volume of absolute ethanol was added to the centn 
fuged precipitate causmg its immediate solution, followed 
by a slower precipitation which was reversible and de 
pendent on temperature On coohng the solution gradually 
from 37 to 0° a semi solid suspension of long thm needles 
was formed This was filtered m the refrigerator through 
a small disk of filter paper (about 1 cm diam ), washed with 
n little ice cold 80 % (\ /v) ethanol, and dissolved m 1 ml of 
0 06^ HCl Tnpheato determinations of the orgamc dry 
weight of this solution gave 0 05, 0 01 and 0 03 mg /O 1 ml 
The actii itj was 4000 umts/0 1 mb Thus the specific 
actintv of the crystals or tactoids was 73 units/jig 

Further preparations of crystalline’ niein Comparatively 
large quantities of ' crvBtalhno’ msm were needed for nnim iil 
cxjionmentB, and a senes of eight preparations were next 
made from dry powders at 10 umts/fig , which were now 
being produced bj n small pilot plant 

The preparations were made accordmg to modifications of 
the method desenbed under ‘Final preparation’ (p 490) 
In the first four of them particular attention was paid to the 
effect of i-anous modifications on the yield These yields, 
based not on weight but on activities, were respectively 
15 20 and 15% of the startmg matcnal, but to avoid 
prohxitv the cxpencnce of the whole senes of preparations 
IS summanicd in the followmg pomts 

(1) It Mas thought that prenous failures to ciystalhio 
from aqueous media might haae been due to impunties 
which ethanol cn stalhzation would remove, but the 
ervstaUme' substance transferred to 0 05\ HCI and 
salted out with 0 25 saturated JlgSO< solution reappeared m 


the amorphous condihon, although the iIgS0« was added so 
slowly that 6 days were required for the precipitation 

(2) Most of the preparations contamed a small quantity of 
gummy substance which would not dissolve in 80% 
ethanol but which could be removed by filtration at 37”, a 
process requinng about 24 hr An attempt to morease the 
yield by mcreasmg the middle fimction at the expense of 
both of the others led to such an morease m the quantity of 
the gummy substance that filtration was practically im 
possible However, repeated extraction with 80% ethanol 
at 37° by centrifuging gave clear hqnids which ‘ crystallized’ 
well, but the yield was low 

(3) The separation of too httle of the least soluble fraction 
led to a middle fraction which remamed amorphous m 
dofimtely dunng repeated ‘reorystallizations’ 

(4) Considerable quantities of msm could be recovered 
from abortive experiments, and from mother hquota and 
other ethanoho residues by dilntmg with 6 vol of distiUed 
water, precipitating by saturation with NaCl and fraction 
ating according to the simple unmodified scheme 

(5) Unless the properties of the startmg material rendered 
the least soluble Action mordinately large its further 
fractionation was uneconomic ‘Working up’ processes of 
varymg complexity, but always on the hues of the mam pre 
paration, were tried out on the least soluble fractions of three 
preparations From only one was a significant mcreaso m 
yield obtamed 

(C) Nism can be precipitated from dilute solution m 80 % 
ethanol by raismg the apparent pH to about 6, but whenever 
this was done there were great losses m activity 

(7) The correct acidity is essential for the formation of 
regular needles Different quantities of HCl and NH, were 
added to samples of a suspension which had precipitated m 
the usual form of very long thm needles 'The less acid bus 
pensions needed considerable dilution before they could be 
brought mto solution After wnnmng to dissolve and coohng 
slowly the precipitates were m the form of irregular thm 
crumpled plates from solution* of pH 2 42, 2 74 and 3 00, 
and microscopic needles at pH 4 22 dimimslung agam to 
microscopic threads at pH 4 74 

These observations suggest that the losses sometimes 
experienced ns a result of difficulty m redissolvmg the 
needles m 80% (v/v) ethanol could have been avoided by 
using acidified ethanol and ndjustmg the pH after solution 

(8) The size of the needles could be considerably in 
creased at the optimum acidity bv controllmg the rate of 
coohng All arrangements of lagged vesseb mvolve, at the 
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be ginnin g of the process, a comparatively rapid coohng 
which leads to the formation of numerous small particles 
With the apparatus already descnbed (see Methods) this 
effect may be avoided without unduly prolongmg the panod 
of coohng When cooled at the rate of 0 6°/hr a sample 
which had previously given ‘ crystals’ appearing under the 
microscope (J m objective) as fine needles now formed a 
precipitate recognizable ns needles with some difficulty 
by the naked eye, but with ease at a magnification of 
10 diameters 

(9) Several other methods of crystallization were tned 
without success, such as, for example, allowmg an aqueous 
solution to evaporate m a desiccator at atmosphono pressure, 
removmg water from a solution m 80% (v/v) ethanol by 
heeping m a desiccator over Ca metal (nism is soluble m 
80% but not in absolute ethanol), and stunng an acid 
ethanoho solution m a desiccator over dilute ammonia 

Final preparation Nism powder, 17 4 g at 10 umts/pg , 
was suspended m 700 ml of distilled water by gentle 
stirrmg dnrmg about 30 mm The addition of 3 ml of con 
centrated SCI (30 % w/v) brought all but traces of the nism 
mto solution to produce a brown turbid hquid After its pH 
had been brought up to 1 8 with a httle 16 % (w/v) ammoma, 
28 g NaCl were dissolved m the nism solution and the 
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rcsultmg dark brown gelatmous precipitate filtered off 
immediately with Whatman no 64 paper Notwithstand 
mg the mcreasmg opalescence of the filtrate resultmg finm 
equihbnum not havmg been established, a further 4 4 g 
NaCl/100 ml , actually 29 g m 660 ml , were added The 
precipitate which now formed was stirred m its mother 
hquor for about 30 mm before bemg filtered off (agam no 
64 paper , both these filtrations were very rapid) The cream 
coloured semi sohd precipitate was easily removed from the 
paper and was resuspended m enough distilled water to give 
a volume of 360 ml, m which it dissolved slowly One half 
volume of saturated NaCl solution was now added slowly 
with contmual stimng By repeated gentle centufugmg the 
resulting precipitate was easily consohdated m one tube 
whore it was dissolved by warmmg and shakmg with about 
1 wol of absolute ethanol to give 160 mL of clear brown 
solution The *pH’ (‘pH’=Glns3 electrode readmg of 
0 1 ml othanohe solution + 1 1 ml. distilled water) of this 
solution was raised with dilute ammoma from 3 5 to 4 21, a 
procedure which dimmished the solubihty of the nism so 
that it was now necessary to warm it to 46° before complete 
solution occurred On coohng from this temperature at the 
rate of l°/hr without stimag, comparatively large needles 
were formed The brown colour remomed m the mother 


Table 4 Purification of nism 


Procedure 

17 4 g powder m 700 ml +28 g NaCl 


Precipitate 

(discarded) 

Filtrate 
+29 g Nad 


Filtrate 

(discarded) 

Precipitate 

Dissolved m water to 360 ml 
+ 180 ml saturated NaCl sola 
tion Centrifuged 


Supernatant 

(discarded) 

Precipitate 

Dissolved m ethanol to 180 ml 
at 46° and ‘pH’ 4 2 Cooled at 
l°/hr Centrifuged 


Mother hquor 
(to residues) 

Needles 

Redissolved m 80% (w/v) eth- 
anol at 37° and ‘pH’ 4 2 Fd 
tered at 37° and reciystaUized 
by alow coohng 


Quantify 
(units X 10’) 

21 


17 


12 


14 


11 


Punty 
(umts/pg ) 

12 


18 


24 


26 


40 
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liquor On resuspending the precipitate in 80% (w/v) 
ethanol a mixture of *pH’ 4 7 was obtamed and some 
difBoulty was encountered m achieving complete solution 
even at ‘pH’ 4 2 Although 80% (w/v) ethanol was added 
until the volume of suspension was 280-300 ml some m 
soluble particles mdistinguishable from the needles re 
mamed (Probably better results would have been obtamed 
by dissolving the precipitate at ‘pH’ 3 0-3 6 m a volume 
equal to that of the mother hquor and raismg the ‘pH’ to 
4 2) The dilute solution was filtered overnight at 37° before 
samphng for yield and purity On coohng at 0 6°/hr it gave 
needles simdar to the former ones but practically white m 
colour They were smaller than those mentioned m (8) above 
The process is summarized m Table 4 At this early stage it 
cannot he stated whether the discrepancy between the 
specific activity of this material and that of the ‘crystals’ 
first obtamed arose from errors m the measurements of 
activity, from errors m standardization, or from actual 
differences m composition 

Other methods of concentration and fractionation At pH 
values near neutrahty crude nism was adsorbed from the 
broth m which it had been produced on to each of all the 
insoluble substances tested, e g aluminium hydroxide, 
charcoal of all grades, benzoic acid (pH 3-4), emulsified 
other, ethyl acetate, CHClj, CCl*, trichloroethylene and 
cellulose (filter paper pulp) It was always diffioult to 
recover the nism from the adsorption complex Occasion 
ally, as with cellulose, it could be obtamed by extraction at 
pH 1 8, but even so the losses were high. 

From solution at about 1000 umts/mL mam was readily 
precipitated by a variety of protem precipitatmg reagents 
such as tanmo acid, phosphotungstio acid and uranyl 
acetate, but agam the difficulty was the recovery of the 
material m an active condition 
Further fractionation of the concentrated, partly punfied 
matenal (200,000 umts/ml , 8 umts/pg ) by partial pro 
oipitation of on ethanohe solution with ether gave some 
promise of success, but was eventually abandoned as vm 
nttractivo 

Repented extraction of precipitated nism at pH 6 6 with 
distilled water gives results similar, but perhaps mfenor, to 
those from partial precipitation with NaCl In a prelimmary 
experiment bcgmmng with a preparation at 8 umte/fig it 
was possible to account for roughly 80% of the activity, 
while the last extract had a specific activity of 27 umts/pg 
A second oxpenment was made m which 4 4 g of powder 
at 1 nnit/fig wore subjected to fractionation m phosphate 
buffer (see p 488), the msm bemg precipitated from the 
final solution at pH 1 7 by saturation with NaCl The pre 
cipitato was extracted by ‘creammg it with distilled water, 
diluting to about 20 ml with distilled water, adjustmg its 
pH to 5 5-5 7, and centrifuging The procedure was re 
pcatcdtMKX usmg the remammg residue each time Three 
extracts and one residue were thus obtamed The first 
extract only was further purified by centnfugmg awav the 
first tiirbiditj which appeared when I<nCl was added very 
gradualli precipitating the remainmg msm bj saturation 
wathNaCl and extracting tlus precipitate once vnth distilled 
water at pH 5 5 All solutions were now precipitated bv 
saturating with NaCl and centnfuged Tlic«e and the other 
precipitates were finallv dissolved m 2-5 ml 0-05 x HCl 
lx fore testing their actiiitics The results arc shown m 
Table 5 2\cithcr these nor those of Table 3 arc adequate for 
a comparison of the methods because the differences arc 
not great In the absence of further evidence fractionation 


with NaCl IS, however, to be preferred on account of the 
greater stabdity of msin at the lower pH values there 
employed 


Table 6 Fractwnatton of nmn at pH 6 6 


Ongmal powder 

Quantity 
(umts X 10*) 

44 

Specific 
activity 
(umts//ig ) 

10 

Fractions 

Phosphate firaction 



S’* 

First extract 

First turbidity with NaCl 

0 07 



Extract at pH 6 6 

0 22 

77 

Precipitate at pH 6 6 

0 26 

— 

Second extract 

14 

23 

Third extract 

0 79 

23 

Residue 

0 71 

— 

Total recovery 

346 



* Assumed on the basis of other experiments 


PROPERTIES OF NISIN 

The biological properties of crude mam preparations have 
already been described (Mattaok & Hirsch, 1947 , Hirsch, 
1049) 

Stability Dry msm powder appears to keep mdefimtely 
m an ordinary atmosphere At pH 6 8 and 37° m dextrose 
lemco broth msm retains its activity for at least 24 hr , 
solutions at pH 1 8 are stable for weeks Boiling at pH 1 8- 
2 0 for 5-10 mm tends, if anything, to mcrease shghtly the 
activity of dilute msm solutions Moreover, concentrated 
solutions prepared by dissolving ‘crystals’ fixim ethanohe 
solution m dilute HCl and adjustmg to pH 2 0 may be 
boiled m an open beaker until free from ethanol without 
appreciable loss of activity, and saturated solutions at 
pH 4 2 may bo ‘ sterilized ’ for mjection by boilmg for 10 mm 
Autoclaving, however (10 lb /sqan for 10 mm ), destroys 
about 60 % of the activity In boilmg 2 K HCl destruction is 
complete after 2 mm In alkalin e solutions the activity is 
quickly destroyed An acid solution was immediately m 
activated by potassium permanganate but not by sodium 
sulphide 

Nism was suspected to be a peptone It appeared possible 
therefore that it would be rapidly destroyed m an enzyme 
rich medium such as blood. Prelimmary experiments showed 
that msm could bo assayed m blood usmg method Ai with 
an moculum of 1% of a 24 hr culture of Strep agalactiae 
Method B could also be used. It was then demonstrated by 
the former method that 6000 umts/ml m blood at 37° 
remamed undimmished for at least 22 hr Method B wus 
then used to demonstrate an equal stabditj of msm imdcr 
similar conditions at a level of 15 umts/ml Fresh citrated 
whole blood was used 

Solubility (i) In blood As msm was known to have a 
comparativeU low solubihty at pH lev els near ncutrahtj its 
Eolubihtv m blood became of mterest as a factor which 
might limit its therapeutic use After the pre limin ary tests 
described nbov e method B was used to measure, first, the 
distribution between corpuscles and plasma and, secondly 
the activity of plasma after addmg various quantities of 
msm to blood and centrifuging It was found that the msm 
was distributed evenlv between the plasma and the cor 
pusclcs, medium concentrations rema inin g unaffected by 
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centrifuging, and that the ‘solnbihty’ in blood iB not less 
than 6000 nmta/ml , a value not too low to prevent its 
therapeutic use 

(u) In tvater At low pH values nism is very soluble At 
a pH about 4 2 saturated solutions of ‘crystaUine’ nism had 
an activity of 600,000 umts/ml , corresponding to a solu 
bihty of approvunately 16% (w/v) In evtraotion expen 
ments nism at about 20 umts/pg gave solutions containmg 
40,000 units/ml at pH 6 0, but hero adsorption effects may 
have mterfered 

(m) In organic solvents Probminaiy quahtative tests 
mdicated that those compounds which dissolved nism 
usually destroyed its activity, e g glacial acctio acid, 
benzyl alcohol Ethanol (80% w/v) and formamide were 
exceptions, m that full activity was retamed 

Molecular size A rough measurement of the diffusion 
coefficient of nism was made usmg the smtored disk method. 
This method was chosen because the results can be obtamed 
from activity detennmations alone, mactive impunties 
causmg only mdirect effects, such as, for example, the 
possible effect of rapidly diffiismg molecules on the vis 
cosity of the hqmd mto which a slower molecule might 
diffuse It was, furthermore, impossible to find laboratory 
accommodation free from vibration The details of the 
arrangement employed ore desenbed under Methods (p 487) 

A prehmmaiy smgle dotermmation of the diffusion co 
efficient gave 16 x 10~’ cm Vsoo In llie next experiment 
diffusion was allowed to proceed for a total of 46 7 hr , the 
outer hqmd bemg renewed at mtervals It is probable that 
the differences which still appeared (see Table 6) after 
equihbnnm should have been established were due to un 
eertamties m the biological assay Thus the value of 
14 X 10”’ cm ’/sec for the diffusion coefficient of msm is 
merely approximate Nevertheless, it serves to show that 
msm IS probably a small protem or large polypeptide 
molecule (cf D (diffusion coefficient at infimte dilution) 
= 10 67 X 10~’foriactalbumm, 10 11 x 10~’foroytoohromec 
Poison, 1939, Schmidt, 1943) 
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cipitated from ethanohe solution, was dissolved m 0 05 rr HCl 
and salted out by the slow addition of NaCl through a 
rotatmg membrane (McMeekm, 1939) The resultmg granu 
lar precipitates were convement for settling, filtermg and 
washing The material for the first experiment was equfli 
brated with buffer by five washmgs on a smtered glass 
filter, that for the second by dialysis with renewal of buffer 
daily for 13 days After this second procedure, 26% of the 
msm was discovered to be msolnble, probably chemicals 
from the msufficiently washed collodion membrane brought 



Fig 1 Solubihty of msm 0, Exp 1, O, Exp 2 

about denaturation, 26% was therefore subtracted ffom 
the figures for total N m the second solubihty experiment 
The buffer was made by dissolvmg 26 g KHjP 04 and 60 g 
KCl m 800 ml of distilled water, addmg IOn HCl to pH 1 92 
and finally making up to 1 1 Nism suspensions of different 
concentrations were made, and after equihbnnm had been 
established the solutions were separated and analysed for 
mtrogen as already desenbed (see p 487) Both sets of 
results are shown graphically m Fig 1, fiom which it is clear 
that these preparations contamed at least two components. 


Table 0 Diffusion of msm 


(Inner solution, msm, 65 ml at 176,000 umts/ml Outer solution, solvent, 25-50 mL) 


Diffusion 

Time durmg 
which dffiusion 
occurred 

Umte 


Umts 

no 

(hr) 

diffused 

difiuB ed/hr 

1 

46 

81,000 

18,000 


2 

17 1 

94,000 

6,6001 


3 

12 0 

80,000 

6,700 

j-Mean 6,400 

4 

121 

86,000 

7,000 J 



Diffusion 
coefficient 
(cm ’/sec ) 


14 X 10-’ 


Amino acid composition Paper partition chromato 
graphy (Consden, Gordon & Martm, 1944) was used to 
analyse a hydrolysate of ‘ crystalhne ’ msm The foUowmg 
ammo acids were recognized, alanme, valrne, leueme, iso 
leueme Cystme and aspartic acid were possibly present 
There were also several famt or unrecognizable spots 

Purity The solubihty of msm depends on the quantity of 
Bohd phase present, when the concentration of the solution 
was plotted against that of the suspension two straight hnes 
of different slope were obtamed showing that the prepara 
tion contamed at least two components A solution satu 
rated with respect to aU components was not obtamed 
Two mam experiments were earned out For each of them 
a different preparation of msm, m the form of needles pre 


the less soluble of which amounted tg about two thirds of 
the total mixture Thepossibihty mentioned by Butler (1941) 
that different forms of one component may persist although 
not m equihbnnm, remains to be e xamin ed, but it seems 
remote because of the slow precipitation of the sohd used 
m these experiments 

DISCUSSION 

Throughout the work there were a number of un 
explained, observations which could not then be 
further mvestigated The mcreases m activity re 
corded in Tables 1 and 2 are among them Some 
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of the others may be merely mentioned, for ex 
ample (a) the activity of acidified broth contammg 
nism was destroyed on attempting to concentrate 
tn vacuo, some activity reappearing on keepmg, 
(6) rvhen the organism rvas allowed to grow at 22° 
instead of 30° a concentrated product active against 
Strep cremons but not against Strep agalactxac was 
obtamed, (c) significant yields were obtamed m some 
media after steammg, but not after autoclaving, 
although the organisms still grew well, and (d) the 
sensitinty of msm to certam chermcals and solvents 
contrasts strangely with its stabihty to others and to 
acids and heat 

It was impossible to prove that the needles ob 
servedwere true crystals Their shape m cross section 
could not be observed The slow filtermg and the 
shghtly syrupy nature of the ethanohe solutions, as 
well as the formation of gels when such solutions 
were rapidly cooled, suggests that the needles may 
well have been tactoids 

Although a few prehmmary experiments have 
shown that msm is closely associated with a poly 
peptide, the solubdity measurements mdicate that 
further purification is required before the properties 
of the active substance, or substances, can be 
properly mvestigated Meanwhile, the purification 
so far achieved has faeditated experiments m other 
directions 


SUIMMARY 

1 Experiments m concentratmg and punfymg 
the antibiotic msm are described 

2 Nismmaybeobtamedmtheformofneedlesby 
coohng a solution m 80 % ethanol at ‘pH’ 4 2 (‘pH’ 
IS glass electrode reading of ethanohe solution diluted 
with 1 1 volumes distilled water) 

3 The properties of the ‘ crystallme ’ product have 
been mvestigated It will mhibit the growth of the 
more sensitive orgamsms at dilutions from 10~® 
{Strep agalacliae) to 10“' (Strep cremorts), it is 
stable for weelcs m acid solution and for many hours 
m blood at 37° , it contains the ammo acids alanme, 
valme, leueme, isoleucme and others, and appears to 
consist of a mixture of at least two polypeptides 

Special thanks are due to Benger’s Ltd. (of Bntish 
Chemicals and Biologicals Ltd ) for then co operation m 
making, and generosity m supplying, active concentrates 
The helpful encouragement given by the Director, Prof 
H D Kay, and the mvnluahle support of the Assistant- 
Director, Dr A T R Jlsttick, are gratefully acknowledged 
Thanks are also expressed to Dr A Hirsch for useful sug 
gestions The work desonbed under ‘Preparation of crude 
coucentrates’ was earned out in the laboratories of Benger’s 
Ltd , whose Director, Mr B D Thomley, is to be thanked, 
as are also Dr B Q Stopher, Mr C Epstein, and Miss E M 
Barnes, members of the staff, for their assistance The later 
help of Mrs C Waterhouse is acknowledged with thanks 
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The Cholinesterase Activity of the Serum of Newborn Animals, 

and of Colostrum 


By R A McCANCE, A 0 HUTCHINSON, R F A DEAN Aim P E H JONES 
Medical Besearch Council, Department of Experimental Medicine, University of Cambridge 

(Received 23 May 1949) 


Tlie activities of the enzymes m serum which spbt 
acetylcholme bare been mvestigated fairly exten- 
sively m man, both m health and disease Enough 
work bos also been earned out on animal sera to 
establish the general level of enzyme activities m 
the various species, and active preparations of 
the so called ‘pseudo’ enzyme (Mendel, Mundell 


& Rudney, 1943) have been made fixim various 
tissues It IB, however, beheved that no tests 
have hitherto been made on newborn animals, 
or on the colostrum and milk of their mothers 
Human bemgs, rats, rabbits, gumea pigs, cats 
and dogs have been mvestigated m the work to be 
described 
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METHODS 

The adult humans were healthy males Blood was taken 
from them by vem pimoture with a minimum of stasis The 
infants were of both sexes and were all full term and normal 
Then mothers were also normal and had given birth to the 
ohddren without assistance or anaesthetic Blood was taken 
from mfiants at birth by punotunng the umbihcal cord with 
a large bore needle or by aUowmg the maternal end of the 
cord to dram mto a centrifuge tube, and later from the heel 
by cutting out a disk of skm with a scleral trophme and 
allowmg the blood to flow mthout pressure mto a small 
tube Blood was obtamed without anaesthesia from adult 
animals by vem puncture or decapitation, and from young 
animals by heart puncture from the foUowmg species rata 
(Lister Institute stram), gumea pigs and rabbits (Depart- 
ment of Pathology stock) , cats and dogs of vanona breeds 
At birth and durmg the first 7 days thereafter, blood had to 
be withdrawn from several rats to get enough serum for 
each detemunation After the samples were taken, the 
serum was separated by centrifuging os soon as possible, 
with care to minimiz e evaporation Punotunng the heart 
did not appear to harm the young animals, and, after a few 
days, second and even third samples of blood were sometimes 
taken from the same animal by this method Colostrum and 
milk were obtamed by manual erpression 

The measurements of enzyme activity were made mano 
metneaUy at 37° (McArdlo, 1940), usmg 1ml of 2 6% 
acetyloholme chlonde as substrate m a total volume of 3 ml 
of flmd The hberation of 1 pi of COj/min /ml serum, 
colostrum or mdk has been defined as the umt activity 

RESULTS 

Man The average activity of 28 adult sera was 
76 units (SD 13 8), which agreed very well with the 
figureobtainedbyMcArdle (1940) The mean activity 
of 39 cord sera was 60 units (s D 10 7) This difference 
was significant (t = 12 60 , P = < 0 01) The changes 
m activity following birth are shown m Table 1 

Table 1 The chohnesterase activity of tJie sera 


Age 

of newborn infants 

Average 

activity 

No of (pi CO,/ 

samples ml /mm ) 

Standard 

deviation 

At birth 

39 

60 

10 7 

0-24 hr 

39 

62 

14 1 

6-10 days 

71 

64 

16 7 

11-21 days 

19 

76 

14 3 

Over 3 weeks 

4 

87 

2 7 


The apparent rise m the first 24 hr was checked on 
numerous occasions by takmg both specimens of 
blood from the same baby The mcrease m the 
average activity of the sera of the 39 babies from 
60 to 62 umts was statistically vahd (i = 6 93, 
P= <0 01) This rise, however, may not represent 
a real change in enzyme activity, smee the two 
specimens of blood were not taken from the same 
site, and peripheral blood has been shown to be more 
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concentrated, or at any rate to carry more haemo- 
globm/ml , than cord or smus blood (DeMarsh, Alt, 
Wmdle & Hilhfr, 1941, DeMarsh, Alt & Wmdle, 
1048) These observations have been confirmed The 
subsequent rise of enzyme activity was to be ex 
pected at some penod of early childhood, smee 
MoArdle (1940) found older children to have higher 
seru m activities than adults and this has been eon 
firmed by one of the authors (Hutchinson, 1949) No 



Time after birth (days) 

Fig 1 Chohnesterase aotivitiea m the sera of 
young animals 

relutionslup has been found between the level of 
activity m cord sera and the weight of the chdd at 
birth, or the length of its gestation period as 
reckoned from the beginning of the mother’s last 
menstrual period No correlation has been found, 
moreover, between the enzyme activity of cord sera 
and the mother’s age or her chmeal status The level 
of enzyme activity of colostrum, and milk up to the 
22nd day, has been found to be neghgible Many 
qiecimens had no measurable activity and only one 
specimen out of 30 had an activity as high as 10 umts 
Bats, rabbits, cats and guinea pigs Adult and new- 
born pnimals of these species have been mvestigated 
and the variations m the first 3 weeks of life are 
shown m Fig 1 Several htters were used for the 
young of each species, and the pomts represent the 
mean of up to 8 specimens 

The foUowmg values had been found for the adult 
animals rats, 13 1 umts (mean of 6 males) , rabbits, 
12 2 and 11 6 umts (2 males), cat, 24 0 umts (1 
female) , gumea pigs, AO 0 and 67 0 umts (2 females) 
The levels at birth were lower than those of the 
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adults m the xat audiabbit, and higher m the cat and 
guinea pig Except m the guinea pig the general 
trend after birth -was similar to that m man, m that 
there rras a defimte nse The trend mth the gumea 
pig ivas less certam 

The colostrum of one cat was mvestigated and 
found to contam less than 1 umt/ml 

Dogs The sera of 6 normal adults, 4 of whom were 
males, and 2 non pregnant females, averaged 38 
umts , and experiments have been made on 6 httera 
of puppies The sera of puppies at birth had an 
activity of the same order of magmtude as the 
adults, but there was a nse m the first few days of 
hfe to about 800 umts, and a fall m the next 2 weeks 
to about 60 umts Colostrum obtamed from a hitch 
at the tune of parturition was found to have an 



Jig 2 The cholmesterase activities of puppy sera and of 
bitches’ milk during the first 16 days after birth A, ac 
tiTity of mothers colostrum and milk, B, activity m 
the sera of puppies feedmg from the mother, C, activity 
m the sera of puppies fed on evaporated cow’s milk. 

activity of 6000 umts, and this activity deolmed 
rapidly at first and then more slowly The milk of one 
animal had an activity of 64 umts, and of another 
400 umts, by the 6th day, and was still 20-30 umts 
after a fortmght Composite curves of the findmgs 
plotted on a logantlumo scale are shown m Fig 2 
The colostrum or milk expressible from glands 
wlucli were not bemg suckled remained high after 
the aotmty m the rmlk from other glands had fallen 
to a lower level Thus the actmty of a pooled sample 
of fluid from unused glands on the 6th day was 918 
umts and on the 15th day was 2000 umts 

Tlie nse m the serum activity of the puppies 
depended upon the consumption of the mother’s 
colostrum, for some puppies, wluch did not gam 
weight and thn% o, presumably because they had not 
taken sufficient milk, had much smaller mcreases of 
a etna tv m their sera than those which took Tmlk 


freely from birth and gamed weight rapidly 
Furthermore, puppies reared on evaporated cow’s 
milk, which contamed no measurable chohnesterase 
actmty, showed no mcrease m serum activity 
although they grew os well (and their eyes opened at 
the sametime) as htter mates kept with the mother 
Tills is illustrated m Fig 2 

The activity of the bitches’ serum did not nse 
very much post partum although there may have 
been a small mcrease m some instances In one 
animal, the serum, before dehvery, had an aotmty 
of 47 umts This had risen to 74 umts on the foUowmg 
day and remamed above 60 umts for at least 17 days 
The enzyme present m bitches’ milk hydrolysed 
benzoylchohne and acetylohohne but not acetyl ^ 
methylchohne It therefore corresponds to the 
‘pseudo cholmesterase’ of Mendel et al (1943) 

DISCUSSION 

Until more is known of the source and function of 
the imspeoifio chohnesterase found m serum it is 
difficult to assess the importance of these results It 
must remam for a time, therefore, an observation of 
fact that the actmty of the sera of infants at birth 
tends to be below that of adults and to nse soon 
afterwards to levels comparable with those found m 
later cluldliood A nse after birth seems to take place 
also m the rat, rabbit and cat, but the level at birth 
may he below or above that of the adults Newborn 
gumea pigs had a higher level of actmty m their sera 
than was found m the mature animals mvestigated 
and it did not nse after birth, and this may be con- 
nected with the advanced stage of development of 
this species at birth 

The dog must be considered separately for it 
shows a remarkable species difference m biochemical 
behaviour m that the colostrum contains a relatively 
enormous amount of cholmesterase, and it would he 
mterestmg to know at what stage of evolution this 
difference arose and whether it is exhibited by any 
allied genera and species The evidence mchcates 
that the source of the high activity m the puppies’ 
sera was the colostrum of the bitch, and it seems, 
therefore, that the enzyme must have escaped 
digestion and passed through the wall of the m- 
testme unchanged The passage of proteins and 
immune bodies through the waU of the gut has been 
demonstrated m the young of some nmmpla and 
suspected m others (Schloss & Anderson, 1922, 
Anderson & Schloss, 1923, du Bois, Scliloss & 
Anderson, 1925), but, so far as we know, tins is the 
first evidence for the passage of an enzyme Chohn- 
esteras© is not thought to have any immunological 
significance nor is it known whether it plaj-s any 
functional role m the mammary gland of the bitch or 
m the serum of a newborn puppy Its hpolytic 
activity m the gut may be of value m the newborn 
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puppy but ■would not appear to be essential since the 
tliree puppies reeired on evaporated cow’s miUc 
throve satisfactordy without it Apart from this, 
however, bitches’ colostrum should pronde a 
valuable source of unspecific cholmesterase m 
high concentration, and it is hoped to mvestigato 
some of the problems ansmg out of the ob- 
servations here presented 

smniARY 

1 In newborn humans, rats, rabbits and cats the 
chohnesterase acti-vity of the serum tended to be 
near the adult level and to rise soon afterwards to 


about twice the imtial value In gumea pigs the 
actmty did not rise 

2 The colostrum of man and of the cat had 
negligible chohnesterase actmty 

3 In puppies the serum cholmesterase rose to 26 
times its birth level m 3 days This increase appears 
to be due to the very high chohnesterase actmty 
of bitches’ colostrum 

The human material was obtained from the Landes 
frtmcnkhnik, Wuppertal, through the courtesy of the 
Director, Prof Anselmino A pure bred setter was obtamed 
from Sir Parry, the Canme Research Station, Keimet Our 
thanks are also e-^ressed to JIiss SL P Harrison for con 
sidemble assistance 'with work earned out at night 
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The Glucuronide- synthesizing System in the Mouse 
and its Relationship to /3-Glucuromdase 


By M C KARUNAIRATNAM, LYNDA M H KERR 
AND G A LE'^'YY (Imperial Chermcal Industries Research Fellow) 
Department of Biochcmtstry, University of Edinburgh* 


(Received 26 May 1949) 


The )3 glucuromdase actmty of mouse hver, kidney 
or uterus has been sho'wn to reflect the state of pro- 
liferation of the tissue (Le'wy, Kerr & Campbell, 
1948, Kerr, Campbell & Le'vwy, 1949o) It would 
appear that )3 glucuromdase is distmct from the 
enzyme system responsible for the production of 
conjugated glucuromdes m the body The work of 
Lipschitz & Buedmg (1939) suggests that this 
process is more complex than a simple condensation 
of the aglycone 'with free glucuromc acid, and that it 
takes place m hver and kidney only )3 Glucurom 
dase, on the other hand, is present to a greater or lees 
extent m practically aU anim al tissues that have so 
far been exammed (see, for example, Oshima, 1934) 
Karunairatnam & Le'wy (1949) foimd that glu- 
curomde synthesis by adult mouse hver shces was 
not appreciably unpaired by saccharic acid m con 

• Present address of aU three authors The Bowett 
Research Institute, Buokabum, Aberdeenshire 


centrations which caused almost complete inhibition 
of jS glucuromdase 

The abihty of various mouse tissues to s3mthesize 
glucuromdes has been studied and compared -with 
theu glucuronidase actmty under conditions leading 
to changes m the latter 


EXPERIMENTAL 

Measurement of glucuronide synthesis The conversion of 
o-ammophenol to its gluouromde m sulphate free bicaxhon 
ate Bmger solution was followed by the method of Le-wy A 
Storey (1949) Except m the case of lung, the tissue was 
sbeed, and an amount correspondmg to not less than 10 mg 
dry weight 'was taken for each estimation If necessary, 
slices from more than one animal -were pooled Whenever 
possible, the estunation was done m quadrupboate m order 
to reduce the variable error m the procedure (see Lewy A 
Storey, 1949) In the case of lung, the mtaot lobes -were used. 
Boyland A McDonald (1948) have shown that this is per 
missible for measurements of metabolism m lung from young 
adult mice 
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Results are expressed m the tables as pg o anunophenol 
conjugatod/g dry rveight of tissue in 1 hr Both male and 
female mice •were studied, but sex did not have any apparent 
effect on values for glncutomde synthesis, and it is therefore 
not usually shoivn in the tables 

OlueuTontdaae actmty The activity of this enzyme in 
tissue extracts vras determmed by the method of Kerr, 
Graham is Lewy (1948), and results are shown m terms of 
glucnromdase mute (a n )/g moist tissue, where Ion 
hberates Ipg phenol m 1 hr from 0 016m phenylglucn 
romde at 37“ and pH 6 2 In the case of tissues m which the 
kmetics of hydrolysis of phenylgluouromde by the enzyme 
have not yet been studied, it was assumed that optimal 
conditions for hydrolysis resemble those found for hver, 
spleen and kidney (Kerr d aZ 1948, Kerr eZ aZ 1949a) 

RESULTS 

Comparison of glucuronide synthesis and glucu 
ronuiase activity in various tissues Table 1 shows the 
glucuronide synthesizing power of hver, kidney, 
spleen and lung m young and adult mice, and of two 

Table 1 The glucuronide synthesizing power and 

P glucuronidase activity of various mouse tissues 

(When the mean is based on values for mdividual ammals 
the standard error of the mean for the group is also shown 
Figures m brackets are numbers of animals used ) 

0 Anunophenol Glucnromdase 



Age of 

conju^ted 

activity/g 


(pg/g dry 

moist weight 

Tissue 

animal 

weight) 

(on) 

Liver 

Adult 

670 ±43 (41) 

273 ±13 (23)* 

Kidney 

Adult 

160 ±14 (4) 

363±24 (11)* 


9 days 

30(4) 

— 


6 days 

— 

793 (4)* 

Lung 

Adult 

Na(2) 

186±19 (3) 


9 days 

Nil (3) 

316±22 (3) 

Spleen 

Adult 

Nil (3) 

636 ±70 (23)* 


9 days 

Nil (4) 

— 


6 days 

— 

3246 (4)* 

Sarcoma 

(Crocker 

180) 

Adult 

Nil (2) 

433±44 (6) 

Catcmoma 
(Imperial 
Cancer 
Research 
Fund 2146) 

Adult 

Nil (2) 

761±76 (6) 

i 

‘ Quoted from Lewy ei al 

1948 


transplantable mouse tumours In agreement with 
Lipschitz & Buedmg (1939), the synthetic system was 
found only m hver and kidney, the latter being much 
the less active of the two tissues The abihty of 
kidney slices to synthesize glucuromdes was con- 
siderably less m j oung mice than m adults This was 
also true for hi er, and Fig 1 shows the development 
of the synthetic system m the hier of the growing 
mouse 


Also shown m Table 1 are figures for the glucu- 
romdase activity of the various tissues, some quoted 
from eaxher work from this Department, and others 
especially detenmned for present purposes The 
distribution of this enzyme obviously bears no rela 
tion to that of the synthetic system The higher 
glucuromdose activity of organs from young mice 
compared with those from normal adults, already 



Fig I The development of the glucuromde synthesizing 
system, as measured by the conjugation of o ammo 
phenol, in the hver of the growing mouse (own mixed 
colony) 



Fig 2 The change m glucuromdase actmty m the hver of 
the growmg mouse ■, strain C57 , A , stram A, stram 

CBA, •, own nuied colonv, August 1947 , 0, own mixed 
colony, February 1949 

noted for hver, kidney, spleen and uterus (Lewy 
et al 1948, Kerr ei al 1949a), is also seen m lung 
The change m hver glucuromdase activity has now 
been fully studied from birth until matunly, and the 
results are shown m Fig 2 This graph was compiled 
from results collected over a considerable period of 
time with four different strains of mice The glucu- 
ronidase activity of the young imce at a given age 
was remarkably constant for the different strains, 
and average figures for adults of different strains 
were mdistmguishahle from each other 
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In agreement with the observations of Fisliman & 
Anlyan ( 1 947 ) on human tissues, both mouse tumours 
were lugh m glucuromdase activity when compared 
with most normal adult tissues 

The role of glucuronidase in glueurontde synthesis 
The possibdity had to be considered that the activity 
of the glucuromde synthesizmg system m the liver 
does not vary with age, but that the hydrolytic 
activity of glucuromdase at any given age deter- 
mmes the net amount of sjmthesis which con be 
measured (compare Figs 1 and 2) It has already 
been shown (Karunarratnam & Lewy, 1949) that 
saccharate m a concentration of 10“-M causes 
almost complete mliibition of glucuromdase m liver 
or kidney extracts, but has no appreciable effect on 
glucuromde synthesis by adult mouse liver slices 
In many of the experiments summarized m Table 1, 
additional determmations of glucuromde synthesis 
were made m presence of IO~-sf saccharate This 
substance caused no mcreose m the synthetic power 
of mfant hver or adult ludney, nor did its presence 
lead to glucuromde synthesis by lung, spleen or 
tumour shces Failure of saccharate to penetrate the 
ceU would appear to be excluded, smee Campbell &, 
Lewy (1949) have found that it inhibits h 3 'droly 8 is 
of glucuromdes by mouse kidney m the two lusto 
chemical tests of Fnedenwald & Becker (1948) It 
seems, therefore, that the glucuromdase activity of 
a tissue has no bearing on its abdity to synthesize 
glucuromdes 

The effect of various measures on the glucuromde 
synthesizing system m vivo Various measures leading 


phenol (0 00023 m) to its glucuromde by survivmg 
hver shces from normal mice (Table 3) The fifth 
compound listed m Table 2, oestrone, was too 
sparmgly soluble m water to perrmt its study m the 
present experiments 

Table 2 The effect of various measures on the glucu 
ronide synthesizing system in mouse liver 


(When the mean is baaed on values for mdividnal animals 
the standard error of the mean for the group is also shown. 
Figures m brackets are numbers of animals used ) 



Dose 

Days 

after 

treat- 

0 Ammophenol 
conjugated/g 
dry weight 

Treatment 

(g/hg) 

ment 

(/«) 

None 

— 

— 

670±43 (41) 

( - ) Menthol, mtrn 

0 33 

1 

660±40 (3) 

pentoneally m ohve 


3 

640 (2) 

oil 


6 

660 (2) 

Carbon tetrachloride. 

6 33 

1 

660±170 (3) 

subcutaneously m 


3 

640 ±200 (3) 

ohve oil 


7 

fr40±160 (3) 

Partial hepatectomy 

— 

3 

670±60 (6) 

Oestrone, subentan 

0 0017 

7 

10 

4 

650 ±60 (6) 
610±80 (6) 

680±70 (3) 

eously m ohve oil 
(ovanectormzed mice) 

Colchicme, subentan 

0 0016 

1 

460±80 (6) 

eously m aqueous 
solution 

Sorbic acid, subentan 

024 

4 

440±70 (12) 

eously m aqueous 

016 

4 

640±120 (6) 

solution 


to changes m the state of proliferation of mouse hver 
were exommed for their action on the glucuromde 
synthesizmg system The results are shown m Table 2, 
and it can be seen that m no mstance was there a 
detectable change m the activity of the synthetic 
system Under similar conditions, a rise m glucu 
romdase activity to two or three tunes the normal 
value was seen after partial hepatectomy, or m 
jection of menthol, carbon tetrachloride or oestrone 
(Lewy et of 1948, Kerr et oZ 1949o) Colclucme m 
the dose shown causes no change m the normal 
glucuromdase activity of hver, but it does prevent 
the rise m activity which follows such measures as 
partial hepatectomy In the smaller dose, sorbic 
acid behaves hke colchicme, but the larger dose 
(240 mg /kg ) causes a profound depression m hver 
and kidney glucuromdase activity m normal mice 
The effects of colchicme and sorbic acid on glucu 
romdase activity appear to be related to them 
actions as inhibitors of nutosis (Kerr, Campbell & 
Lewy, 19496) 

The effect of various compounds on the synthesis of 
o aminophenylglucuronide m vitro Four of the 
compounds examined for them action on the glucu- 
romde synthesizmg system tn vivo were tested in 
intro for them effect on the conversion of o ammo- 


Table 3 The effect of various compounds on the 
synthesis of o-aminophenylgluciironide hy mouse- 


liver shces 


Compound 

Concen 

tration 

(M) 

Sorbic 

0 01 

acid 

0 01 

Colchicme 

0 005 

0 01 

Carbon 

0 01 

0 006 

0 0016 

tetrachloride 

0 0016 

( - ) Menthol 

0 001 


o-Ammopheiiol 
conjugated (pg /g 
dry weight) 



I 

In 

Inhibi 

In 

presence of 

tion 

controls compound 

(%) 

380 

60 

87 

970 

370 

62 

970 

600 

49 

380 

140 

63 

630 

190 

64 

630 

270 

49 

490 

620 

-6 

660 

620 

21 

460 

120 

73 


Colchicme, sorbic acid and menthol were added as 
aqueous solutions (if necessary, after pH adjustment) 
dnrmg the preparation of the bicarbonate Rmger solution 
In the case of CClj, the Rmger solution was made saturated 
with the compound In all experunents, controls were done 
with untreated shces from the same ammah Eaeb deter 
mmation was done m quadrupheate, and the standard 
error of the mean is thus about 10% (Lewy & Storey, 


1949) 
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As can be seen from Table 3, m the presence of 
colchiome, sorbic acid or menthol there was a drop m 
the conversion of o-ammophenol to its glucuromde 
■which •was outside the range of error Inhibition was 
almost 60 % mth 0 006m colohicme or sorbic acid, 
and 73% -with 0 001m menthol Carbon tetra 
chloride bad no appreciable effect m the highest 
concentration possible (0 0016m) None of the four 
compounds m question mterfered m the colour re- 
action for 0 ammophenylglucuromde 

DISCUSSION 

From the results of the experiments described above, 
it seems clear that there are at least two distmct 
enzyme systems m the mouse concerned -with the 
metabolism of the conjugated glucuromdes One of 
these, ^-glucuromdase, is present m practically every 
■tissue, and its action is probably entirely hydrolytic 
The acti^vity of this enzjrme m a tissue vanes ■with the 
degree of cell division m progress The other enzyme 
system is responsible for the B 5 mthesi 8 of glucu- 
romdes, and IS probably complex It has so far been 
found only m hver and, to a smaller extent, kidney 
The actmty of this enzyme system m hver is not 
altered by measures causmg changes m the state of 
proliferation of the tissue The abdity of hver or 
kidney -to synthesize glucuromdes does, however, 
■vai^-withthe age of the anim al At birth, the activity 
of the synthetic system is small or ml, and it only 
reaches its ultimate value when the animals are 
4 or 6 weeks old Taken together, the ■two enzyme 
systems may provide a mechanism for regulatmg the 
■transport, action and excretion of physiologically 
active, glucuromdogemc compounds, such as 
oestnol Alternatively, then function may be to 
pro'vide free glucuronic acid or a transformation 


product for buildmg up mto more complex mole 
cules 

Smce menthol is kno^wn to form a glucuromde m 
the presence of survimng hver shces (Lipschitz & 
Buedmg, 1939), its depressant action on the syn- 
thesis of 0 ammophenylglucuromde in intro is prob 
ably the result of competition "with o ammophenol 
rather than genume inhibition of the synthetic 
mechanism The inhibitory actions ofsorbic acid and 
colchicme on glucuromde synthesis m intro are 
difficult to mterpret at present The overall syn 
thetio process is kno^wn to be adversely affected by 
other agents, such as oy^lmde, fluoride and lodo- 
acetate (Lipschitz & Buedmg, 1939), azide and sul- 
phate (Dr IDE Storey, private communication), 
but thou mode of action is m most cases stdl obscure 

SUMMARY 

1 The glucuromde synthesizmg sjmtem m the 
mouse ■was found only m hver and, -bo a smaller 
extent, kidney 

2 Measures causmg changes m the state of pro- 
liferation of hver had no effect on the acti^vity of the 
glucuromde synthesizmg system 

3 The actmty of the synthetic system ■was almost 
ml at buth, and only reached its ultimate value when 
the mice -were more than 1 month old 

4 The effects of various compoimds on glucu 
romde synthesis tn vitro were studied 

6 On the basis of this work, the enzyme system 
responsible for glucuromde synthesis can be clearly 
distmgmshed from glucuromdase 

The authors are indebted to Dr J R Riley for the supply 
of tumour bearmg mice, and to Mr D Love for techmcal 
assistance The expenses of this ■work were m part defrayed 
by a grant from the Medical Research Conned 
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Chemical Studies of Peripheral Nerve During Wallenan Degeneration 

1 LIPIDS 
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■ROien a peripheral nerve is cut, that portion of the 
nerve distal to the point of section soon loses its 
abihty to transmit a nerve impulse This is associated 
with a senes of familiar histological changes known 
as Wallenan degeneration Both histologists and 
histochemists have studied degeneratmg nerve m 
great detail, but m few instances have the tech- 
mques of chemistry been employed Notable ex- 
ceptions are the classical publications of NoU (1899), 
who observed that degeneratmg horse and dog 
nerves contamed less ‘protagon’, and Mott & 
HaUiburton (1901a, b), who reported the complete 
disappearance of phosphorus from degeneratmg cat 
nei^’^es These results, although of great mterest, are 
of Imnted value because of the teebmeal methods 
employed , usually a large sample of nerve tissue was 
needed and onlj’’ one constituent of the nerve could 
be estimated from each sample More recently. May 
(1930) has reported changes m the distnbution of 
phosphorus and Abercrombie <5L. Jolinson (19466) 
have desenbed changes m the distribution of nitro 
gen, mcludmg coUagen mtrogen, m degeneratmg 
rabbit nerves 

As the nerve degenerates, the hpid contammg 
myehn sheath that surrounds the axon of each mdi 
vidual nerve fibre at first fragments and later is com- 
pletely destro 5 ^ed Although the prmcipal consti- 
tuent of tins sheath, ‘myehn ’, is usually referred to 
as though it were a chemical entity, chemists have 
for a long tune suspected it to be a mixture of sub 
stances Recently, Johnson, MoNabb & Rossiter 
{1948o, 6, 1949a) have produced evidence that free 
cholesterol and the two sphmgosme contauimg 
hpids or sphmgohpids (cerebroside and splungo- 
myelm), rather than lecithm or kephahn, are the 
prmcipal hpid components of the myehn sheath 
They have called these hpids, i e free cholesterol, 
cerebroside and sphmgomyehn, the myehn hpids 

For references to the extensive hterature on the 
histological changes that occur durmg WaUenan 
degeneration the reader is referred to the pubhea 
tions of Ramon y Cajal (1928), Nageotte (1932), 
Weddell & Glees (1941), Young (1942), Hohnes & 
Young (1942) and Weiss (1944) Smee destruction of 
the myehn sheath is such an outstanding feature, it 
seemed of mterest to mvestigate the changes m the 


concentration of the mj^elm hpids m a degeneratmg 
nerve Micromethods are now available that permit 
the determmation of these and other hpids m small 
samples of neri’e A prehnunary account of these ex- 
periments has already appeared (Johnson, McNabb 
& Rossiter, 19496) 

METHODS 

The right sciatic nerve of 30 cats was cut at the level 
of the greater trochanter of the femur The proximal 
stump was retracted and sutured to the overlying 
muscle By separatmg the proximal and distal 
stumps m tins way the possibihty of regeneration was 
minimized None of the animals showed either 
functional or post mortem evidence of regeneration 
The operation was performed with full aseptic pre- 
cautions under nembutal anaesthesia No attempt 
was made to control the age, weight, or sex of the 
animals After periods of time varymg from 4 to 96 
days the animals were killed and the distal degene- 
ratmg segment of nerve removed At the same tune 
a s imil ar length of left sciatic nerve was removed to 
serve as a control Each nerve was cleaned of ad- 
herent fatty and epmeural connective tissue and the 
hpids extracted with ethanol and ether as described 
previously (Johnson et al 1948 a) Samples of the 
ethanol ether extract were placed m a 60° water bath 
and evaporated just to dryness under reduced 
pressure and m an atmosphere of Nj The hpids were 
extracted with hght petroleum (b p 40-60°) and 
the phosphohpms precipitated with acetone and 
MgClj Tte precipitate was washed with acetone 
and then dissolved m a 1 1 methanol -ether mixture 

The concentration of cerebroside, total and free 
cholesterol, total phosphohpm, monoammophos- 
phohpm, lecithm, total fatty acid and neutral fat was 
determmed m each nerve From these figures the 
concentration of eater cholesterol, splungomyehn, 
kephahn, essential hpid (i e all non tnglyeende 
hpids), myehn hpid, and total hpid was calculated 
analyses were done m dupheate 

Analytical procedures 

The analytical methods for cerebroside, total and free 
cholesterol, total phosphohpm, monoammophosphohpm 
and lecithm have been described by Johnson et al (1948o) 
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Cereiroatde (glyooapkmgoaide) ■was estimated m a sample 
of the ongmal ethanol-ether extract by the method of 
Brand i. Sperry (1941) m which galactose, hberated by aoid 
hydrolysis, is estimated by the procedure of Miller L Van 
Slyke (1938) In this method, ferrocyamde, formed &om the 
reduction of femcyamde by the galactose, is titrated with 
ceno sulphate Cerebroside was calculated as galactose 
x46 

Total and free cholesterol were estimated m the acetone 
soluble fraction by the method of Sohoenheimer & Sperry 
(1934), mcorporating improvemente suggested by Sperry & 
Brand (1943) and Sobel & Mayer (1946) 

Total phosphohpin Total P was determmed m a sample of 
the methanol-ether solution of the acetone-precipitated 
phosphohpm by the method of Kmg (1932) Total phos 
phohpm was calculated as hpid P x 25 

ilonoamxnophosphdipin (phosphoglycende) A sample of 
the methanol-ether solution of the acetone precipitated 
phosphohpms was hydrolysed m H KOH for 18 hr at 37° 
Monoammophosphohpm was estimated as the total acid 
soluble P of the hydrolysate (Schmidt, Benotti, Hershman 
i, Thaimhauser, 1948) 

Lecithin (phosphatidyl ohohne) was estimated as the acid 
soluble ohohne, determmed by the method of Qhok (1944), 
m the monoammophosphohpm hydrolysate (Hack, 1947) 
Leoithm was calculated as cholme chloride x 0 60 

Total fatty acid was determmed m a sample of the ongmal 
ethanol ether extract by a modification of the Bloor on 
dative method descnbed by Boyd (1938) After sapomfica 
tion and acidification, the free fatty acid and cholesterol 
were extracted with hght petroleum (b p 40-80°) and 
omdiied by a measured quantity of !^0r,0,, excess of 
which was titrated with thiosulphate After correction had 
been made for the cholesterol present, the total fatty acid 
was calculated on the assumption that 1 mg of fetty aad 
was oxidized by 3 81 mk 0 IOOh K^Cr,0, (Boyd, 1938) 

Neutral fat An estimate of tnglycende was obtained by 
determmmg the glycerol m a portion of the phosphoUpm 
free acetone solution by the method of Vons, F.IIih & Maynard 
(1940) After saponification and acidification, the fatty 
acids and cholesterol were removed by extraction with light 
petroleum (b p 40-80°) and the glycerol allowed to react 
with a measured quantity of potassium periodate Excess 
penodate was titrated with thiosulphate The periodate used 
gave a measure of the glycerol m the sample Neutral fat, 
based on on assumed mean molecular weight of 283 for the 
fatty acids, was calculated as glycerol x 9 84 

In addition, a value for neutral fat was derived from the 
figures for neutral fat fatly acid, ne the difference between 
the total fatty acid and the sum of the fatty acids of cere 
broside, cholesterol ester, leoithm, sphingomyehn and 
kephalm In the absence of detailed information concermng 
the nature of the fatty acids of the hpids of nerve,* the 
figures were calculated on the basis of an assumed mean 
molecular weight of 388, that of hgnoeeno acid, for the fatty 
acids of the two sphmgohpids, cerebroside and sphingo 


* See, however, Chibnall, Piper A WiHiamB (1936), who 
found that hgnocenc acid from the bram cerebroside, 
kemsm, was a mixture of n heneicosane-, n tncosane- and 
n pontacosane 1 carboxyho acids, whilst phrenosmio acid 
from the bram cerebroside, phrenosm, was a mixture of 
2 hydroxy n heneicosane , n tncosane- and it pentaco 
sane-l carboxyho acids. 

Biochem 1949, 46 


myehn, and an assumed mean molecular weight of 283 for 
the fetty acids of the phosphoglycendes and cholesterol 
ester A molecular weight differmg from the assumed mean 
for the fetty acids of either the sphmgohpids or the phos 
phoglycendes would not appreciably alter the general con 
elusions The neutral fat fetty acids were, therefore, calcu 
lated as total fetty acid (cerebroside xO 46 + ester chol 
esterol x 0 73 -(- lemthm x 0 70 -(- sphingomyehn x 0 44 -h ke 
phalm X 0 74) Based on an assumed mean of 283 for the 
tnglycende fetty acids, the neutral fat was calculated from 
the neutral fat fetty acid by multiplymg by the factor 
1045 

Ester cholesterol was calculated as the difference between 
the total cholesterol and the fine cholesterol 

Sphingomyelin (phosphosphmgoside) was calculated as 
the difference between the total phosphohpm and the mono 
ammophosphohpm. 

Kephalm, representmg all the non ohohne contammg 
monoammophosphohpms, was calculated as the difference 
between the monoammophosphohpm and leoithm 

Essential lipid, representmg the non tnglycende hpid, 
was the sum of cerebroside, total cholesterol and total 
phosphohpm. 

Myelin hpid xvas the sum of cerebroside, free cholesterol 
and sphmgomyelm 

Total hpid was the sum of the essential hpid and neutral 
fat 

Specijlcity of analyttcal methods 

The specificity of a micromethod, when it is usually im 
possible to characterize folly the substance to be estimated, 
IS frequently fer from absolute Although we feel that, for 
the most part, we have estimated the substance for which 
each method was designed, it is important that possible 
defimenenes of the methods should not be forgotten For 
instance, any substance, other than the known cerebrosides, 
that IS soluble m the solvents used and from which reduomg 
substances are released on acid hydrolysis, would be esti 
mated as cerebroside A smular qualification apphes to the 
method for oholesteroL Although this method can now be 
described as standard, it is possible that small quantities 
of other digltonm precipitable substances that give the 
laebermaim Bnrchard colour reaction would be determmed 
as cholesterol 

The method for total phosphohpm is also standard, but 
that for monoammophosphohpm is less so In this method 
known monoammophoBphohpms, such as lecithm (phos 
phatidyl cholme) and the kephahns (phosphatidyl ethanol 
ammo, phosphatidyl serme and bram phosphomositide), 
would be measured together with any other unknown easilv 
hydrolysed phosphohpms If such substances contamed 
cholme m a form readily hberated on hydrolysis, they 
would be estimated as leoithm , if, os seems more hkely, such 
unknown phosphohpms contained no easdy hydrolysed 
cholme, they would bo estimated os kephalm In degener 
atmg nerve, however, it is possible that cholme contammg 
degradation products of either sphmgomyelm or lecithm 
may be present If such a substance were both soluble m 
light petroleum and msolnble m acetone, it would be esti 
mated as lecithm. One possible degradation product of 
lecithm, ^ glyccrylphosphorylcholme, studied by Schmidt, 
Hershman A Thannhauser (1946), is insoluble m hght 
petroleum, and so would not be present m the phosphohpm 
extracts Smee sphmgomyelm is measured as the difference 
between the total P and the readily hydrolysed P of the 

32 
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hpid extract, uhknovm pboaphoUpioB, not easily hydro 
lysed, would be detonnined as sphuigomyelin 

The method for total fatty acid is also not specifio, and, 
in addition to cholesterol, for which correction is made, 
other non saponifiablo hpids may be measured Tlio sphingo 
hpids are difScult to saponify and, oven if saponification is 
complete, part of the hborated splnngosme may pass mto the 
hghtpetrolemn together with the fatty acids and cholesterol 
This may account for the difference m the figures for neutral 
fat calculated firom neutral fat fatty acid and those calcu 
lated from glycerol (some 30 % for the control non cs) Also 
the glycerol of any degradation product of either tnglyccnde 
or phosphoglycerido that is soluble m hght petroleum and 
not precipitated by acetone would bo measured by the 
methods used 

Accuracy oj analytical methods 

The coefficient of ^n^atlon of the overall procedure for 
each of the mdividuol hpids was ns follows cerobrosido 
±3 5%, free cholosterol±0 0%, total cholc8torol±0 9%, 
total phosphohpm±l 3%,monoammopho3phohpm±l 0%, 
lecithin ±6 1%, total fatty acid ±3 1%, and neutral fat 
±3 1% The accuracy of the methods for those hpids 
den\ ed by difference would usually be leas Smeo the mean 
of dupheate estimations was always recorded, the probable 
error of each observation was less than the aboi o figure 

Recording of results 

For the first 32 days after the operation the wet weight of 
the degeneratmg nerve was greater than that of the same 
length of nerve from the control side This presented the 
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problem of how best to record the results To express the 
results m terms of umt wet weight of the degeneratmg nerve 
would bo misleadmg, while to express them m terms of umt 
dry weight of the degeneratmg nerve would also be un 
satisfactory, for the degeneratmg nerve contamed much less 
hpid than the normal nerve, and hpid occounts for a high 
percentage of the dry weight of nerve Therefore we have 
expressed all results for degenerated nene m terms of the 
wet weight of the same length of control nerve from the 
opposite side This is equivalent to the fresh weight of the 
degeneratmg nerve before it was sectioned, 1 e at zero time 

RESULTS 

Animals were killed at intervals of 4, 8, 16, 32, 64and 
90 days after the nerve section Table 1 gives the 
mean and the standard error of the mean for the con- 
centration of cerebroside, total, free and ester 
cholesterol, total phosphohpin and essential hpid m 
the control and degenerated nerves The table also 
gives the value of P obtamed for each hpid m testmg 
the significance of the difference between the means 
for the degenerated and control nerves 

The concentration of cerebroside, 2 4 mg /1 00 mg 
for the control nerves, changed httle durmg the first 
8 days of degeneration and then decreased rapidly, 
reaclung 0 6 mg /lOO mg , or 26 % of the total, by 
32 days The concentration of cerebroside then de 
creased more gradually, no measurable cerebroside 
remainmg by^ 96 days 


Table 1 Ltpids of cat nerve during Wallerian degeneration 


^mg /lOO mg wot wt of control nerve ) 


Degenerated 



Control 


(4 days) 



(8 days) 



(10 days) 

No of ammals 


30 


6 



7 



6 




A, 


A 



A 






f > 

Mean s e m 

Mean 

8 B M 

P 

Mean 

S E M 

P 

f 

Mean s e m 

p 

Cerebroside 

2 40 

±011 

2 48 

±0 32 

>0 7 

2 30 

±0 23 

>0 0 

1 32 

±012 

<0 01 

Total cholesterol 

3 21 

±0 06 

3 22 

±016 

>0 9 

3 09 

±0 16 

>03 

2 66 

±0 19 

<001 

Free cholesterol 

3 19 

±0 05 

3 17 

±016 

>0 8 

2 92 

±0 13 

<0 06 

I 66 

±0 06 

<001 

Ester cholesterol 

0 02 

±0 02 

004 

±0 02 

>0 2 

0 17 

±0 04 

<0 01 

1 00 

±0 17 

<001 

(total -free cholesterol) 
Total phosphohpm 

604 

±013 

6 12 

±0 26 

>0 8 

600 

±0 66 

>09 

2 98 

±013 

<001 

Essential hpid 

11 63 

±0 26 

11 82 

±0 66 

>0 3 

11 43 

±0 87 

>07 

0 96 

±0 29 

<001 

(cerebroside -(-total 
cholesterol + total 












phosphohpm) 






Degenerated 

K 





Control 

f 

(32 days) 



(64 days) 



(90 days) 


No of animals 


30 


6 



6 



3 




Mean 

S E JI 

Mean 

8 B M 

Cerebroside 

2 40 

±011 

060 

±016 

Total cholesterol 

3 21 

±0 06 

1 94 

±0 19 

Free cholesterol 

3 19 

±0 06 

1 16 

±0 06 

Ester cholesterol 
(Total - free cholesterol) 

0 02 

±0 02 

0 79 

±0 36 

Total phosphohpm 

604 

±0 13 

1 30 

±0 13 

Essential hpid 
(cerebroside -(-total 
cholesterol -f total 
phosphohpin) 

11 63 

±0 28 

3 86 

±0 26 


P 

Mean 

8 B U 

P 

Mean 

S EJI 

P 

<0 01 

048 

±011 

<0 01 

0 

±0 

<0 01 

<0 01 

102 

±0 06 

<0 01 

0 77 

±0 05 

<0 01 

<0 01 

064 

±0 06 

<0 01 

0 29 

±0 05 

<0 01 

<0 01 

0 48 

±0 07 

<0 01 

0 47 

±0 08 

<0 01 

<0 01 

0 74 

±0 06 

<0 01 

060 

±0 

<0 01 

<0 01 

2 22 

±0 14 

<0 01 

1 37 

±0 04 

<0 01 
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The concentration of total cholesterol, 3 21 mg / 
100 mg m the control nerves, changed little durmg 
the first 8 days and then decreased steadily durmg 
the course of the degeneration, 0 77 mg /lOO mg 
stdlremaming after 96 dajrs On the other hand, free 
cholesterol, ■which accounted for almost all of the 
cholesterol of the control nerves, decreased to 
2 92 mg /lOO mg (P < 0 05) after 8 days From 8 to 
32 days the concentration of fi:ee cholesterol fell 
rapidly, and thereafter more slowly, only 0 29 mg / 
100 mg remammg after 96 days There "was virtually 
no ester cholesterol m the control nerves and durmg 
the period 0-8 days the concentration moreased 
slowly, reaching 0 17 mg /lOO mg (P < 0 01) by the 
8th day The concentration of ester cholesterol then 
mcreased rapidly, reachmg a maximum of 1 0 mg / 
100 mg m 16 days After 16 days the concentration 
decreased, hut more slowly than the concentration 
of free cholesterol, so that by 96 days more of the 
cholesterol -was m the ester form than m the free 

The concentration of total phosphohpm, which 
was 6 04 mg /lOO mg for the control nerves, also 
changed httle durmg the first 8 days It then de- 
creasedrapidly between 8 and 32 days and thereafter 


more slowly, only 0 6 mg /1 00 mg , or 10% of the 
total, remammg after 98 days The concentration of 
essential hpid, representing the sum of the ooncen 
trations of cerebroside, total cholesterol and total 
phosphohpm, was 11 63 mg /lOO mg m the control 
nerves Tliis decreased m a manner similar to the 
total phosphohpm, only somewhat more slowly By 
96 days 1 37 mg /lOO mg essential hpid remamed, 
or 12 % of the control value 

Table 2 gives the figures for the mdi-vidual phos 
phohpms, ■VIZ leoithm, sphmgomyelm and kephahn, 
and also those for monoammophosphohpm, total 
phosphohpm and myehn hpid The concentration of 
none of these substances changed appreciably during 
the first 8 days Between 8 and 32 days the concen- 
tration of total phosphohpm, sphmgomyelm and 
myehn hpid decreased rapidly and after 3 2 days more 
slowly, 10, 7 and 6 % respectively remammg after 
96 days Kephahn, the concentration of which •was 
2 97 mg /1 00 mg m the control nerves, disappeared 
very rapidly between 8 and 32 days, 0 28 mg / 
100 mg , or only 9 % of the total, remammg at the 
end of this time Subsequently, the concentration of 
kephalm did not change greatly Leoithm, which 


Table 2 

Phosphohptns of cat nerve during Wallertan degeneration 







(mg /lOO mg wet wt of control nerve) 











Degenerated 

A 




No of rhittibIr 

Control 


(4 days) 



(8 days) 



(16 days) 

> 

30 


6 



7 



5 






X. 



X 



A 





( 


\ 

( 


> f 





Mean 

8 E-M 

Mean 

8EM 

P 

Mean 

S E M 

P 

Mean 

8 E M 

P 

Total pho^hohpin 

604 

±013 

6 12 

±0 26 

>0 8 

600 

±0 66 

>09 

2 98 

±0 13 

<0 01 

Monoanunophoaphohpm 

3 70 

±0 14 

4 08 

±0 43 

>0 2 

3 84 

±0 28 

>0 6 

160 

±0 12 

<0 01 

Lecithin 

0 73 

±004 

0 80 

±0 06 

>0 4 

0 82 

±0 06 

>02 

0 61 

±0 10 

<0 05 

Sphingomyelin 
(Total phosphohpm - 

2 33 

±0 12 

200 

±0 39 

>0 3 

2 19 

±0 40 

>0 6 

136 

±0 12 

<0 01 

monoammophosphohpm) 












2 97 

±0 13 

3 32 

±0 46 

>0 3 

3 01 

±0 26 

>08 

1 12 

±0 16 

<0 01 

(oIonoaminoplioBpliohpm 







- leoithm) 

Myehn hpid 

7 91 

±0 21 

7 72 

±0 69 

>07 

7 43 

±0 70 

>03 

434 

±0 16 

<0 01 

(Cerebroside +fre8 
cholesterol + 












sphmgomyelm) 






Degenerated 

. ... . 




No of animals 

Control 

f 

(32 days) 



(64 days) 



(96 days) 

s 

30 

A 


5 



6 



3 



r 

Mean 

8 E M 

Mean 

S EM 

^ 

P 

Mean 

S E 

1 r 

p 

Mean 

S E.JI 

s 

p 

Total phosphohpm 

6-04 

±013 

1 30 

±0 13 

<0 01 

0 74 

±0 05 

<0 01 

060 

±0 

<0 01 

Monoammophosphohpm 

3 70 

±0 14 

0 60 

±009 

<0 01 

0 48 

±0 04 

<0 01 

040 

±0 

<0 01 

Lecithin 

0 73 

±0 04 

0 38 

±0 03 

<0 01 

024 

±0 03 

<0 01 

018 

±0-03 

<0 01 

Sphmgomyelm 
(Total phosphohpm - 

2 33 

±0 12 

0 66 

±0 13 

<0 01 

0 24 

±0 07 

<0 01 

0 17 

±0 04 

<0 01 

monoaminophosphohpm) 











Kephalm 

2 97 

±0 13 

0 28 

±0 08 

<0 01 

0 24 

±0 02 

<0-01 

0 23 

±0 04 

<0 01 

(MonoammophoBpholipm 






-lecithin) 

Myelm bpid 

7 91 

±0 21 

240 

±0 27 

<0 01 

1 28 

±017 

<0 01 

050 

±0 06 

<0 01 

(Cerobroaide 









cholesterol + 
ephingomyelm) 
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was present to the extent of only 0 73 mg /lOO mg m 
the control nerves, decreased less rapidly than either 
the total phosphohpm or myehn lipid 

Table 3 gives the figures for total fatty acid, neutral 
fat calculated from glycerol, neutral fat calculated 
from neutral fat fatty acid, and total lipid 
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fat estimated as glycerol and that calculated from 
neutral-fat fatty acid Smce the figure for neutral 
fat fatty acid was derived by difference and mcludes 
errors, not only m the total fatty acid procedure, but 
also those m the estimation of phospholipm, chol 
esterol and cerebroside, it can be considered as httle 


Table 3 Fatty acids and neutral fat of cat, nerve during Wallcnan degeneration 
' (mg /lOO mg wot wt of control nerve No of nnimnls is stated m parentheses imder each result ) 


Degonoratod 



Control 

„ A ^ 

r 

(4 da} s) 

K 



(8 days) 



(10 days] 

— ^ 

1 


Moan s E M 

Jlean 

S E M 

P 

i 

Mean 

S E M 

P 

t 

Jlean 

S E M 

— ^ 

P 

Total fattj acid 

14 64 ±0 60 

10 30 

±1 13 

<0 01 

11 20 

±1 00 

<0 01 

10 48 

±083 

<0 01 

Noutml fat (calculated 

(20) 


(3) 



(6) 



(4) 


6 91 ±0 44 

4 41 

±0 76 

<0 05 

3 06 

±0 27 

<0 01 

0 22 

±0 88 

>06 

from glycerol) 

Neutral fat (calculated 

(19) 

10 14 ±0 60 

6 24 

(4) 

±1 00 

<0 01 

0 00 

(4) 

±0 60 

<0 01 

7 78 

( 3 ) 

±0 04 

>0 1 

from neutral fat fatty 
acid) 

Total hpid 

(20) 


(3) 



(6) 



(4) 


18 36 ±0 40 

16 00 

±1 11 

<0 05 

14 52 

±1 05 

<0 01 

12 80 

±1 09 

<0 01 

(Essential hpid -|- 
neutral fat) 

(19) 


(4) 



(4) 



(3) 







Degenerated 





Control 

/ 

(32 days) 



(04 days) 



(90 days) 



i \ 

Mean s e 5i 

Moan 

S E M 

S 

P 

t 

Mean 

s E 

p 

/ 

Jlean 

S E JI 

P 

Total fatty acid 

14 54 ±0 60 

12 06 

±2 86 

>01 

10 57 

±0 64 

<0 01 

10 37 

±2 33 

<0 02 

(20) 


(2) 



( 3 ) 



( 3 ) 


Neutral fat (calculated 

6 91 ±0 44 

7 49 

±3 07 

>0 7 

9 68 

±0 67 

<0 05 

0 01 

±1 09 

>08 

from glycerol) 

NeutreJ fat (calculated 

(19) 

10 14 ±0 60 

11 02 

(2) 

±2 94 

>0 0 

0 86 

( 3 ) 

±0 68 

>08 

10 10 

(2) 

±2 37 

>09 

from neutral fat fatty 
acid) 

(20) 


(2) 



( 3 ) 



( 3 ) 

<0 01 

Total hpid 

18 36 ±0 40 

1136 

±3 36 

<0 01 

11 87 

±0 69 

<0 01 

7 06 

±1 76 

(Essential hpid + 

(19) 


(2) 



( 3 ) 



(2) 



neutral fat) 


The concentration of total fatty acid fell from 
14 64mg/100mg to 10 30mg/100mg m 4 days 
(P < 0 01) and remamed close to this figure through 
out the course of the degeneration For each of the 
periods studied the difference between the values for 
the degeneratmg and control nerves was statistically 
significant, except for the 32 day nerves where 
fatty acid figures were available for two animals 
only It IS hhely that, had the group been larger, this 
figure also would have been significant 

Tlie concentration of neutral fat estimated as 
glycerol was 6 91 mg /lOO mg m the control nerves 
This feU to 4 41 mg /lOO mg after 4 days (P < 0 06) 
and 3 66mg/100mg after 8 days (P<0 01) Tlie 
value for neutral fat calculated from neutral fat 
fatty acid was 10 14mg/100mg for the control 
nerves, faUmg to 6 24 mg /lOO mg after 4 days 
(P<0 01)and6 6mg /lOOmg after 8 days (P < 0 01) 
After 8 days the concentration of neutral fat deter- 
mmed by either method did not differ significantly 
from that of the control nerves There is an obvious 
discrepancy between the concentration of neutral 


more than an approximation It is reassurmg to 
note that, despite the differences m the values for 
neutral fat obtamed by the two methods, the general 
trend of the figures was the same for each Both 
methods demonstrated the mitial fall m the concen 
tration of neutral fat after 4 and 8 days, followed by 
a return to normal values 

The concentration of total hpid was 18 36 mg / 
100 mg for the control nerve and decreased steadil}^ 
tliroughout the course of the degeneration, reaching 
7 96 mg /lOO mg , or 43 % of the total, after 90 days 
In Table 4 the figures for each hpid are expressed 
as a percentage of the figure for the control nerve of 
the opposite side, except for ester cholesterol where 
the figure is expressed as a percentage of the lughest 
value, that of the 1 6th day By presentmg the data 
from Tables 1-3 m this manner it is possible to 
appreciate the rate at which each hpid disappears 
Table 4 also shows the wet weight of the degener 
atmg nerve expressed as a percentage of the weight 
of the control nerve The wet weight was greatest 
after 4 days (P<0 01), but the figures for the wet 
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Table 4 Lipids of cat nerve during Wallenan degeneration 
(Concentration* expressed as a percentage of the control nerve concentration, except for eater cholesterol) 

Degenerated 



Control 

4 days 

8 days 

16 days 

32 days 

64 days 

96 days 

Cerebroside 

100 

103 

00 

66 

25 

20 

0 

Total choleatoTol 

100 

100 

00 

83 

60 

32 

24 

Free cholesterol 

100 

00 

02 

62 

36 

17 

9 

Eater cholesterol (expressed as a 

2 

4 

17 

100 

70 

48 

47 

percentage of 16-day concentration) 

Total phosphohpm 

100 

101 

00 

40 

22 

12 

10 

Monoammophosphohpm 

100 

110 

104 

43 

18 

13 

11 

Leoithm 

100 

110 

112 

70 

40 

33 

26 

Sphingomyelm 

100 

86 

04 

68 

28 

10 

7 

Kephahn 

100 

112 

101 

38 

9 

8 

8 

Essential hpid 

100 

102 

08 

60 

33 

19 

12 

Mvelm hpid 

100 

08 

04 

66 

30 

16 

6 

Total fatty acid 

100 

71 

77 

72 

83 

73 

71 

Neutral fat (calculated from glycerol) 

100 

04 

63 

90 

108 

139 

96 

Neutral fat (calculated from neutral fat 

100 

62 

06 

79 

109 

97 

100 

fatty aoid) 

Total hpid 

100 

87 

79 

70 

02 

65 

43 

AVot weight 

100 

134 

122 

126 

120 

106 

90 


weight after 8 {P<0 01), 16 (P<0 02) and 32 6*513 
(P < 0 06) were all significantly greater than those of 
the control nerves After 32 6*518 the difference 
between the wet weight of the degenerating and the 
control nerves was not statistically significant 

DISCUSSION 

Previous observations The increase in the wet 
weight of degenerating nerve was reported by Mott 
& Halhburton {1901a, b) and confirmed by May 
(1930) and Abercrombie & Johnson (19466) 

Our findings on the changes m the concentration 
of hpids agree well with those of previous workers 
NoU (1899) reported a decrease m the concentration 
of ‘protagon’ in degenerating horse and dog nerves 
It IB unfortunate that this excellent work was done 
under the shadow of the ‘protagon’ controversy 
Tliere can be no doubt that ‘ protagon ', once beheved 
to be the mother of all brain substances, contributed 
greatly to our present ignorance of the chemistry of 
‘myelin’ Excellent accounts of this mterestmg 
controversy are those of Posner & Gies (1906) and 
MaoLean (1918) 

Noll (1899) estimated ‘protagon’ m nerves by tbe 
reduemg substances hberated dunng ewid hydrolysis 
For the most part, he was measuring galactose 
hberated from the cerebroside He reported that the 
total sohd of an ethanol extract of a dog nerve, which 
had degenerated for 16 6*5^, decreased less than the 
phosphorus of the extract, 1 e that the phosphohpin 
disappeared from the nerve more rapidly than the 
total lipid He also reported that ‘protagon prob 
abl5’ cerebroside, of another nerve, wluch had de 
generated for 16 days, decreased to 64 % of the value 
for the control nerv e This result can be compared 


with our mean cerebroside concentration of 66 % for 
16 day cat nerves 

Mott & Halhburton (1901a, 6) reported that the 
concentration of total phosphorus m a degeneratmg 
cat nerve fell to zero m 29 days The method for 
phosphorus estimation must have been extremely 
msensitive, for our expenmente mdioate that con 
siderable phosphohpm remams m the nerve after 
32 days May (1930) also found a decrease m total 
phosphorus m degenerating rabbit nerves, greatest 
between the 7th and 49th day There was still 36 % of 
the total phosphorus present even after 100 da5S 
He also reported a rapid decrease of hpid P after 
7 days and a considerable morease m water soluble 
P throughout the whole period of the degenera- 
tion 

The composition of 'myelin’ While studying the 
chemical nature of the hpids of ‘myehn’, Jolinson 
et oZ (19486) found that the distribution of hpids m 
peripheral nerve resembled that of the hpids of the 
wlute matter of the bram rather than that of the grey 
matter Bram white matter and peripheral nerve, 
both of which are nch m myehnated fibres, differed 
from bram grey matter m that they contamed more 
cerebroside, free cholesterol and sphingomyelm 
(Johnson ctaZ 1948a) Subsequently, JolmsoneZaZ 
(1949o) reported that it was these same tliree hpids, 
cerebroside, free cholesterol and sphmgomyelm, that 
distmguished the white matter of the adult bram 
from that of the bram of the newborn mfant, where 
myehnation is mcomplete It was suggested that 
these three hpids, i e free cholesterol and the two 
sphmgohpids, cerebroside (or gl5 cosphmgoside) and 
8phmgom5ehn (or phosphosphmgoside), rather than 
the phosphoglycendes, lecithm and kephahn, were 
tlie pnncipal hpid components of the mi elm sheatJi 
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These hpids were called the myelin hpids Carter, 
Hames, Ledyard & Norris (1947) found a high con 
centration of the splungohpids, cerebroside and 
sphmgomyehn, m ov spinal cord 

Each of the myelm hpids decreased m the de- 
generatmg nerve at approximately the same rate and 
to the same extent (Table 4) The change m the con 
centration of none of the other hpids resembled that 
of the myehn hpids , total lipid decreased much less 
rapidly, neutral fat decreased early, and then re 
turned to normal, total cholesterol decreased more 
slowly, cholesterol ester, not present m normal 
nerv e, appeared durmg the course of the degenera 
tion, total phosphohpm decreased at first more 
rapidly and then more slowly than the myelm hpid , 
lecithm decreased much more slowly and kophalm 
more rapidly (Table 7) The findmg that cerebroside, 
free cholesterol and sphmgomyehn decreased at the 
same rate and to the same extent is additional 
evidence supportmg our prenous suggestion that 
these substances, rather than lecithm and kophalm, 
are the prmcipal lipid constituents of the myelm 
sheath 

Frequently the essential hpids are regarded as the 
important structural hpids of the body Because a 
large proportion of the essential hpid of nerve is 
myelm hpid, they both tend to disappear from a 
degeneratmg nerve at a similar rate (Table 4) 
Although the essential hpids are important elements 
of the central nervous system as a whole, the myelm 
hpids would appear to play a more important role m 
the structure of the myehn sheath 
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1939, Sclumtt, Bear & Palmer, 1941) These studies 
mdicate that the myelm sheath consists of coaxial 
concentric sheets of oriented hpid molecules alter 
natmg with thm, possibly ummolecular, layers of 
protem The sheath shows a characteristic hire 
frmgence with the optical axes directed radially and 
a defimte X ray diffraction pattern Such valuable 
studies teU us little, however, of the chemical nature 
of the hpid m this hpid protem complex It is 
suggested that this complex is rich m free cholesterol 
and the splungosme contammg hpids, cerebroside 
and splungomyehn 

Lipids of myehn durmg Wallcrian degeneration 
We can now give an outlme of some of the changes 
that occur m the hpids when a peripheral nerve 
undergoes Wallenan degeneration Durmg the early 
stages the water content of the nerv^e mcreases, the 
absolute amount of the neutral fat decreases and 
there is httle change m the myelm hpids From 8 to 
32 days there is a steady decrease m the concentra 
tion of the myelm hpids, 1 e cerebroside, free 
cholesterol and sphmgomyelm These substances 
presumably are slowly hydrolysed and the products 
of hydrolysis, e g glycerol, fatty acid, chohne, galac 
tose, sphmgosme and phosphate, are removed 
There is, m addition, a rapid hydrolysis of kephahn 
and a slouor hj^drolysis of lecithm Some of the 
fatty acids, liberated during the hydrolysis, may 
combme with free cholesterol to form cholesterol 
ester and others may bo converted mto neutral fat 
These changes can be represented schematically as 
folloivs 


? Pormeuriuni 


? Axon 


Myelin sheath 


? Axon 


Neutral fat 


Cholesterol 
Cerebroside "I 
Sphmgomyehn I ^ 

Kephalui 
Lecithm 


Glycerol (sonic removed) 

>■ Neutral fat 


‘ Fatty ncid 





Cholesterol ester 


->• Other hj drolj'sis products, 
e g cholme, phosphate, 
galactose, splungosme (removed) 


Abercrombie & Johnson (19466) found that most 
of the non extractable mtrogen of rabbit nerve dis 
appeared at a tune similar to that durmg wluoh we 
have observed the disappearance of the myehn hpid 
m cat nerve This non extractable mtrogen probably 
represents the so called ‘neurokeratm’ (Block, 1937) 
and may be an important structural element of the 
myehn sheath 

Hitherto most of our knowledge of the constitu 
tion of the myehn sheath has come from polarized 
hght and X-ray diffraction studies (Schmitt & Bear, 


It should be stressed that the analyses were per 
formed on the whole nerve and therefore represent 
not only the hpids of myehn, but also those of the 
axon, Schwann cells, macrophages, perineural and 
endoneural connective tissue and, perhaps, some 
epmeural connective tissue also Tlie neutral fat is 
probably chiefly m the connective tissue, but some 
may be m the axon The high proportion of kephahn 
and lecitlun m grey matter of bram ( J ohnson ei al 
1948a, 1949a) would suggest that these hpids are 
chiefly constituents of the axon 
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A scheme, admittedly hypothetical, representmg 
the demyehnation process was gi\ en by Page ( 1937) 
The chief experimental evidence, quoted m support 
of the scheme, was the autolysis expenmente of 
Jungmann & Kimmelstiel (1929) and Backhn (1930) 
The former workers found that cerebroside decreased 
and morgrunc phosphorus mcreased when rabbit 
whole bram stood m either oxygen or mtrogen 
Backlm (1930) described a fall m the concentration 
of free cholesterol and cerebroside, and a possible 
mcrease m the concentration of phosphohpm when 
arabbitbramstoodfor 24 lir However, he presented 
the results of one experiment only Jolinson, 
HcNabb & Rossiter (1949c) found no change m the 
concentration of cerebroside or total cholesterol in 
slices of cat bram which were mcubated m a buffer 
for periods of time up to 14 days 
The text book description of the chemistry of 
demyehnation, that ‘myelin’ is composed of plios 
phohpm which is converted mto triglyceride, is 
probably derived from the views of Mott & Halh 
burton (1901a, 6) That phosphohpm is converted 
mto tnglycende may be true m port, but phospho 
hpm hydrolysis and tnglycende formation are only 
two of a number of changes that occur In the post, 
undue emphasis has been placed on these two pro- 
cesses (Mott & Barratt, 1899, Setterfield & Sutton, 
1936) 

The penod of greatest destruction of ‘myehn’ 
(8-32 days) is characterized by a decrease m the con 
centration of the myehn hpids, an mcrease m the 
concentration of ester cholesterol, and a return to 
normal of the concentration of neutral fat Durmg 
tills tune macrophages appear along the length of the 
degeneratmg nerve and there is a great proliferation 
of the Schwann cells (Holmes & Young, 1942, 
Young, 1942, Abercrombie & Johnson, 1946a) It is 
possible that either the macrophages or the Schwann 
cells contribute enzymes to aid the degradation of 
the hpida The histological evidence suggests that 
quite large pieces of organized ‘ myehn ’ are engulfed 
by the macrophages and subsequently degraded 
The ‘myehn’ is most likely destroyed while the 
macrophages are m the degeneratmg nerve, although 
the possibility that the macrophages remove them- 
selves and destroy the ‘ myehn ’ el^where cannot be 
excluded The remarkable similarity of the dis 
appearance curves for each of the mdividual myelm 
lipids would favour the theorj"^ of particulate m 
gestion followed by rapid hjdrolysis or removal 
Johnson etal (1949 c) showed that, when bram tissue 
was autolj'sed in vitro, phosphohpm, chiefly kephahn 
and sphmgomj elm, was destroy ed, but that there 
was no destruction of cerebroside or cholesterol 


Tlus would mdicate that the in vitro degradation of 
the myehn hpids is different from their in vivo de- 
gradation Possibly enzymes, other than those 
present m the non degenerating nervous system, 
e g those of the macrophages or the Schwann cells, 
are necessary for complete breakdown of the myehn 
hpids 

Our findings are also of mterest because the quanti- 
tative changes m the concentration of hpids m a 
degenerating nerve can be correlated with the results 
of previous physiological and biological mvestiga- 
tions of Wallerian degeneration A discussion of our 
results m the hght of such studies will have to be 
postponed for a subsequent paper 

SUMMARY 

1 The concentration of cerebroside, total and 
fifee cholesterol, total phosphohpm, mono amin o 
phosphohpm, lecitlun, total fatty acid and neutral 
fat was determmed m degeneratmg cat sciatic nerves 
at mtervals of time from 4 to 96 days after nerve 
section From these figures the concentration of 
ester cholesterol, splungomjehn, kephahn, essential 
hpid, myehn lipid, and total hpid was calculated 

2 The wet weight of the degeneratmg nerve m 
creased rapidly, reaclimg a maximum m 4 days and 
retummg to normal after 64 days 

3 The total hpid content of the nerve decreased 
steadily throughout the course of the degeneration 

4 Neutral fat decreased rapidly, reaching a mmi- 
mum between 4 and 8 days, md returned to normal 
by 32 days 

6 The mvelm hpids (cerebroside, free cholesterol 
and sphmgomyehn) changed little during the first 
8 daj'B and then decreased rapidly, and to the same 
extent, between 8 and 32 days 

6 Cholesterol changed httle durmg the first 8 days 
Between 8 and 32 days free cholesterol decreased 
rapidly and ester cholesterol, absent m control 
nerves, mcreased, reachmg a maximum by 16 days 

7 Total phosphohpm, which changed little 
during the first 8 days, decreased rapidly between 8 
and 32 days Sphmgomyehn decreased at a similar 
rate, whereas kephahn decreased more rapidly and 
lecithm more slowly 

8 The results are discussed with reference to the 
chermcal nature of the hpids of ‘myehn’ and to the 
changes that occur m the hpids when a nerve under 
goes Wallerian degeneration 

Thanks arc due tc Mr Norvol Burt and Ihss Ann Boyce 
for skilful technical assistance The work was financed by a 
grant from the National Research Council of Canada 
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Determination of p -Aminosalicylic Acid as m-Aminophenol 

B\ A L TARNOKY and V ANNE L BREWS 
Group Laboratory, Mile End Hospital, London 

(Received 30 May 1949) 


Several methods have been described for the estima 
tion of p ammosaheyhe acid (4 ammo 2 hydroxy- 
benzoic acid) m blood (Lehmann, 1946, Ragaz, 
1948, Tennent & Leland, 1948, 1949, Klyne & 
Newhouse, 1948) None of the procedures, de 
veloped m connexion with therapeutic trials of tins 
drug m tuberculosis, were micromethods , our aim 
was to develop a method smtable for use with 
capillary blood Bratton & Marshall’s (1939) esti 
mation of sulphonamides in blood seemed an obvious 
choice Such a method was used (but not described) 
by MoClosky, Smith & Fnas (1948) These workers 
recorded erratic results with p ammosaheyhe acid, 
but obtamed quantitative Imear cur\ es by allowmg 


solutions of the drug to stand for several days at 
room temperature, or by heatmg them at 100° for 
30-00 mm 

Aqueous solutions of p ammosaheyhe acid are 
known to be decarboxylated on sta n di ng or heatmg 
(Venkataraman, Venkataraman & Lewis, 1948, 
Bosdahl, 1948, Oberweger, Seymour & Simmomte, 
1948) The findin gs of McGlosky et al (1948) could 
be explamed as the decarboxylation of p ammo 
sahcylate followed by diazotization of in a min o 
phenol We thought that such a teclmique could be 
used for the micro-estimation of p ammosaheyhe 
acid and set about establishing conditions for com 
plete decarboxylation 
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Wlule tluB work was m progress four diazotization 
methods were described One is ein adaptation by 
llarshall (1948) of the original Bratton & Marshall 
(1939) procedure, on which the two other methods 
(Way, Smith, Howie, Weiss & Swanson, 1948, 
Newhouse & Klyne, 1949) are also based In the 
fourth method (Desbordes & Henry, 1948) diazo tized 
p ammosahcyhc acid is coupled with thymol 

EXPERIMENTAL 

Bratton i, Marshall’s procedure for estimating total sul 
phonamide in blood was progressively modified, and two 
alternative methods, A and 3, were finally adopted. 

Beagtnls Tnchloroacetio aoid (20% w/v m water) 
HjSOj (21 6±0 6 n, made by adding 60 ml cono H,S 04 to 
40 ml water, titratmg and readjustmg the volume) 
NaOH (Sis) NaNOj (1% w/v m water) Ammomum 
sulphamate (5% w/v m water) N 1 Naphthylethylenedi 
amme dihydrochlonde (0 1 % m water) Ethanol (06 %) or 
mdnstrval Tnethylahed spmt 

Standard mlnttoni (1) Stock standard eqmvalent to 
100 mg p ammosahcyhc acid/100 ml 137 9 mg pure 
sodium p ammosahoylate dihydrate is dissolved m 100 ml 
water, or 71 2 mg pure m ammophenol is dissolved m 
100 ml 0 OlK HCl These can be kept m colourless bottles 
at room temperature for at least 8 weeks (2) Dilnte 
standards representmg 6, 10 and 20 mg p ammosahcyhc 
ncid/lOO mb blood 0 26, 0 50 and 1 0 ml of solution (1) and 
16 ml 20% (w/v) tnchloroacetio acid are diluted to 100 ml 
mth watCT These are referred to ns ‘6, 10 and 20 mg 
solutions’ With standard solutions contammg p ammo 
sahoylnte, 2 0 mL samples are treated as supernatant 
hqmds ofthe test solutions, UBingm ammophenol standards, 
heatmg may be omitted 

Method A 

Oialatcd or fieshly drawn capillary blood (0 2 ml ) is 
added to water (3 2 ml ), and the tube is allowed to stand for 
30 mm Tnchloroacetio acid (0 0 ml ) is added, and the 
mnture is shaken and centrifuged Supernatant hquid 
(2 0 ml ), transferred to a centrifuge tube graduated at 4 ml, 
IS heated with HjSOi (0 6 ml ) m a boihng water bath for 
1 hr The solution is cooled m tap water (appro'c 16°), 
partially neutrahied with NaOH (1 0 ml ) and agam cooled 
Water is added to adjust the volume to 4 0 ml 

NaNO, solution (0 2 mL) is added, and the solution is 
shaken After 6 mm ammonium sulphamate solution is 
added, followed 20 ±1 sec later by naphthylethylenedi 
ammo (1 0 ml ), the tube bemg shaken after each addition 

The pmk colour is allowed to develop for at least 2 6 hr 
and IS then compared with the appropnate standard 
sohdion An Eians Electroselenium Ltd portable photo 
eleetri. colonmeter with an Ilford 626 filter gives readings 
projsirtional to concentration if set to zero agamst a full 
reagent blank (2 ml 3% w/v tnchloroacetio acid takmg the 
place of the supernatant hquid) An Ilford 404 green filter 
though not gmng fuUv linear results has also been found 
satisfactory if a calibration curve is prepared using all three 
standards (the 5 10 and 20 mg solutions) 

Method B 

"Method A is earned out to the couplmg stage 20 ± 1 sec. 
after couplmg with naphthvlcthvlencdiamme solution. 


ethanol (1 0 ml ) is added, the tubes are shaken, and the 
colours compared after 1 hr These are proportional to con 
centration when usmg an Ilford 626 filter and a modified 
reagent blank (2 0 ml water takmg the place of the super 
natant hqmd) The Ilford 404 filter is imsmtable for this 
method 

RESULTS 

Decarboxylation and hydrolysis Our first expen 
ments showed that solutions of p ammosabcylate 
lieated with concentrated hydrochlonc acid gave 
deeper colours than solutions treated with hydro- 
clilonc acid in the cold or heated with trichloroacetic 
acid Sulphuric acid was substituted for hydro 
cldonc to prevent the formation of hydroxy azo 
compounds durmg the diazotization stage The 
strength of acid and the heatmg tune finaOy adopted 
give complete decarboxylation, as is shown by 
carrymg out the method on p ammosahcylate and 
m ammophenol solutions with and without heatmg 
(Table 1 ) Determmations earned out on 20 mg 

Table 1 The conversion of p aminosalicylate into 
m ammophenol 

(20 mg standards used m each cose ) 

Tmal concentration of 
m ammophenol expressed as 

Colonmeter Percentage of 


E-xp 

DO 

Compound and 
treatment 

readmg 
(100 xE) 

result m 
Eip 1 

1 

J7i AmmophenoL not 
heated 

64 

100 

2 

jn- Ammophenol, 
heated 

65 6 

103 

3 

p Ammosahoylnte, 
not heated 

17 

31 6 

4 

p Ammosahoylate, 

63 

08 


heated 

solutions of m ammophenol and p ocetamidosah 
cyhc acid show that the N acetyl denvative of p 
ammosahoyho acid is completely hydrolysed by this 
treatment Thus the present estimation is one of 
total p ammosahcylate ’ WTien heatmg is omitted, 
solutions of the N acetyl compound give no colour 
reaction 

Diazotization Partial neutralization with sodium 
h-vdroxide gives the moderately acid medium usual 
for diazo couplmg Obsen ntions which led to this 
step bemg mtroduced are summarized m Table 2 
Diazotization for 5 mm was chosen ns a com ement 
tune, smee the colour mtensitv/diazotization tune 
cum e showed only a v ery gradual decrease between 
3 and 10 mm (Colonmeter readmg at 3 mm , 60, 
5 min, 59 5, 10mm, 69, 15 mm, 57) JImor 
changes m the temperature of diazotization mtro 
dtfce appreciable errors , all test and standard solu- 
tions should be placed m the same cooling bath 
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Table 2 Effect of pH on colour vntcnmty in th e eshma 
motion of p aminosalicylate as m aminophcnol 

(20 mg standards used m each case ) 

Colour 

intensity 

(percentage 


Exp Decarboxyl Diazotisang and of value m 

no ation medium coupling medium Exp 2 ) 

1 Strongly acid Strongly acid 61 6 

(21 6n HJSO4) (unchanged) 

2 Strongly acid Less acid 100 

(21 6n 11^04) (partly neutralized 

mth 8 1 k NaOH) 

3 Lioss acid Less acid 81 

(On 11,304) (unchanged) 

4 Less acid Strongly acid 12 

(On 11,804) (On H,S04 added 

untd pH approx 


that of Exp 1 ) 

Newliouse <L Ellyne (1949) allowed 10 sec between 
adding ammonium sulphamate and couplmg Our 
sulphamate time of 20 sec was adopted directly 
from their method It gives colours about 20% 
deeper than we had formerly obtamed using longer 
tunes (of Table 3) 

Table 3 The effect of varying diazoltzing and std 
phamate times on the colour intensities obtained 
from p aminosalicylate and ra aminophcnol solu 
tions 

(20 mg standards used in each case ) 


Exp 


Diozo 

tizmg 

time 

Sulphamate 

Colon 

meter 

reading 

no 

Compound 

(mm ) 

time 

(100 x/J) 

1 

p Ammosahcylato 

6 

20 sec 

67 

2 

1* 

6 

30 mm 

38 

3 


20 

20 sec 

49 

4 

»» 

20 

10 ram 

446 

6 

in Ammophenol 

6 

20 sec 

68 

6 

»» 

6 

20 mm 

60 

7 

ff 

20 

20 sec 

63 

8 


20 

20 mm 

43 


Properties of the dye solutions The colours given bj'^ 
methods A and B foUow Beer’s law between 2 6 and 
20 mg /lOO ml levels using an Ilford 626 filter The 
similar development (Fig 1) of the colours ob 
tamed firom equimolar solutions of p ammosali 
cylate after heatmg and of m ammophenol confirms 
the identity of the two dyes Unheated solutions of 
p ammosahoylate develop colour more rapidly than 
either of these two solutions This mdicates a 
struotural difference between the dyes rather than 
a partial decarboxylation of the acid m the cold 
which would then give less of the same dye 

Both conclusions are home out by the absorption 
spectra of the dyes (Fig 2) These were recorded by 


Dr I D P Wootton, usmg a Beckmann spectro 
photometer The solutions used were those obtamed 
by carrying through 20 mg solutions of p ammo 
sahcylate and m ammophenol The heated p ammo 
sahcylate and the unheated m ammophenol solu 
tions have identical spiectra The unheated p ammo 
sahcylate solution gives a dye with the expected 
lower extmction values and an absorption maximum 
at a somewhat shorter wavelength 



20 40 60 80 100 120 140 160 180 

Time (min ) 


Fig 1 Rato of colour development m the estimation of 
p ammosalicjlate and m ammophenol (20 mg standards, 
usmg method A) • m ammophenol, unheated, 

, p ammosahoylate, heated, — x — x — x, 

p ammosahoylate, unheated 



Wavelength (my.) 

Fig 2 Absorption spectra of dyes (20 mg standards, 
usmg method A) , m ammophenol, unheated, 

. , p armnosahcylate, heated, — x — x x, 

p ammosahoylate, unheated 

The colours produced m method A are stable to 
hght and are unchanged after 90 hr at room temper- 
ature The solution of the dye obtamed fixim un 
heated p ammosahcylate is stable only for a few 
hours The dye slowly separates as a fiocculent pre 
oipitate, leavmg a colourless solution On shakmg 
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the mixture the precipitate is dispersed , the solution 
appears clear and has the same colour mtensity as it 
had before flocculation occurred The precipitate can 
he separated easily by filtration Since m the aqueous 
acid medium oontammg a high salt concentration 
the more acid dye produced from the unheated p 
ammosahoylate would probably be less soluble than 
its m ammophenol analogue, the precipitate was 
filtered off and the filtrate kept for some tune No 
further colour developed, thus the low colour m 
tensity of this Solution is not due to a solubihty effect 
leading to mcomplete dye formation 


Table 4 Recoveries of p aminosahcylate 
added to blood 


(Aqueous p aminosahcylate 
added to oxalated blood ) 


Blood p ammo 
sahoylate level No of 

(mg /lOO ml ) exp 

10 17 

20 8 


solution (100 mg /lOO ml ) 


Recovery (%) 

K 

Range Mean 

89-102 08 

91-102 98 


Attempts were also made to follow the diazotiza 
tion of j) ammosahcyho acid and m ammophenol by 
moans of free nitrous acid estimations The m 
phenylenediamme method (see Welcher, 1947) used 
cannot be described as a strictly quantitative method , 
it does mdicate, however, that the amount of nitrous 
acid used m the reaction is m excess of that required 
by a simple diazotization 


Recoveries The resul ts of these are givenm Table 4 
The determmations were earned out on fresh oxa- 
lated blood to which the requisite amount of p 
aminosahcylate (stock standard solution) was 
aclded 

Peni cillin did not mterfere with the estimation 
Sulphonamides and sulphones (Sulphetrone) do, of 
course, mterfere An unsuccessful attempt was 
made to overcome this difficulty by converting the 
diazotized m eunmophenol to resoromol and esti- 
matmg the product by an adaptation of Sehwanoff ’s 
reaction 

SUMMARY 

1 A method for the est ima tion of ‘ total p ammo 
eahcylate ’ m capillary blood is described 

2 p Ammosahcyho acid and its N acetyl deriva 
tive are quantitatively converted to m ammo 
phenol, this compound gives deeper colours than 
p ammosahcylate when diazotized and coupled 
with N 1 naphthylethylenediamme 

3 Tlie mam aspects of the method have been 
surveyed and the behaviour of p ammosahcyhc acid 
and m ammophenol compiared 

Wo would hke to tbank Dr L A. Elson, Chester Beatty 
Research Institute, London, for valuable suggestions and 
oritirasm, Dr I D P Wootton, Postgraduate Medical 
School of London, for determining the absorption spectra, 
and Mr D E Seymour of Messrs Herts Pharmaceuticals 
Ltd for gifts of pure sodium p ammosahoylate, p acetami 
dosahoyho acid and m ammophenol 
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PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 


The 279th Meeting of the Biochemical Society was held in the Department of Biochemistry, School of 
Medicine, Leeds 2, on Friday, 23 September 1949, when the following papers were read 

COMMUNICATIONS 


The Effect of Thyroxine and Thlouracil on some of the Water-soinble Vitamins in Milk By 
R Chaitda, Maby L McNaught and E C Owen {Hannah Dairy Research Institute, KirJJiUl, Ayr) 


In a previous communication Chanda <fe Owen 
(1949) showed that thyroxine markedly affected 
the partition of P m cows’ milk, and that the 
changes m the partition were correlated with simul 
taneous changes m the phosphatase content of the 
nulk They also showed that milk ffom cows treated 
with thiouracd exhibited changes of phosphatase 
content and P partition which were the reverse of 


phosphate and orthophosphate being present 
(de Jong, 1941-2) 

In the present experiment three paurs of cows were 
used One parr acted as controls A second pair 
received 10 mg thyroxine per day subcutaneously, 
while a third pair received 20 mg thiouracil sub 
cutaneously Composite 2 day samples of milk from 
each cow were analysed for 3 weeks before treat 


Table 1 The riboflavin content and partition of intamm B in mtlL 


Group of 
annuals 

Penod 

Phosphatase 

(arbitrary 

units) 

t 

Total Bt 

Control 

1 

63 

429 


2 

62 

39 3 


3 

83 

38 8 

Thyroxmo 

1 

68 

443 


2 

28 

436 


3 

78 

40 2 

Thiouracd 

1 

38 

481 


2 

67 

421 


3 

68 

41-0 

those caused by thyroxme In the 

seuno expen 


ments thyroxme treatment caused the vitamm C m 
the milk to decrease by 26 3 % and thiouracd 
caused it to mcrease by 22 2 %, the average of pre 
treatment figures for this vit amin m the milk of 
treated cows bemg 2 23 mg /lOO ml Houston, 
Non <& Thompson (1940) had foimd an mverse 
correlation between vitanun pyrophosphate and 
phosphatase m the milk of normal cows, and expen 
ments were therefore planned to find whether 
thyroxme or thiouracd would alter the amount of 
Bj phosphono esters m the mdk The term ‘ Bi 
phosphonc esters’ is preferable to ‘Bipyrophos 
phate ’, smce the nature of the Bi-esters m mdk of 
vanous species is stdl controversial, both pyro 


{fig /lOO mL fat-free milk) 



Bi phosphonc 

Protem bound 

1 

Free Bj 

esters 

Br 

Riboflavm 

211 

16 8 

315 

92 9 

237 

10 9 

2 79 

913 

27 6 

64 

2 69 

89 8 

27 0 

12 9 

2 73 

107 3 

12 9 

264 

3 80 

96 3 

238 

112 

2 63 

104 2 

21 2 

21 1 

3 67 

116 9 

284 

96 

2 69 

109 6 

27 4 

86 

2 77 

103 3 


ment (penod I), for 3 weeks during treatment 
(penod 2), and for 3 weeks after treatment (penod 3) 
The average results for each penod (Table 1) 
show that, like ester P m the previous experiment 
(Chanda & Owen, 1949), phosphono esters of Bj 
mcreased as phosphatase decreased when thyroxme 
was given, whdo when thiouracd was given the 
reverse occurred The disturbance of the ratio of 
fipee to phosphorylated vitamm Bj by thyroxme 
confirms the simdar observation bv Tliompson 
(1945) Total nboflavm did not vary significantly 
during treatment, and, unfortunately, the partition 
of nboflavm mto free and phosphorylated forms 
could not be mvestigated owmg to lack of a method 
adaptable to routme analysis 
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Some Remarks on the Hydrolysis of Proteins By BL M. Flowers and W S Rbith (Reioh) 


The Energy of Activation of the Tryptophanase-tryptophan Indole Reaction By Prank C 
Happold and G A Morrison {Department of Btochemtstry, School of Medicine, University of Leeds) 

The energy of activation has been studied The provisional figure of 18,200 cal /g mol is 
m the range of temperatures from 0 to 37° C given 


Absorption and Excretion of dl- Thyroxine Labelled with Radioactive Iodine By J C Clayton, 
Audrey A Free, J E Page, G F Somers and E A Woollett (Research Division, Glaxo 
Laboratories Ltd , Qrecnford, Middlesex) 


DL Thyroxme labelled with ^’^I m the 3' and 6' 
positions has been prepared by an improved pro- 
cedure (Borrows, Cla5rton & Hems, 1940), and its 
absorption and excretion by rats and cats have 
been studied 

Johot, Coumer, Horeau & Sue (1944a,6), Johot 
(1946) and Gross & Leblond (1947) have mvesti- 
gated the absorption and excretion of relatively 
large mtravenous doses of labelled DL-thyroxme by 
rabbits and rats In view of the doubts about the 
efficacy of orally administered thyroxme, we were 
particularly mterested m its absorption from the 
digestive tract We have also studied the behaviour 
of physiological doses by the mtravenous and 
suboutaneous routes 

The labelled thyroxme solutions were shown to 
be biologically active (Smith, Emmens & Parkes, 
1947) and all preparations were polarographically 
assayed for thyroxme (Borrows, Hems Page, 
1949) The urme, blood, bile, faeces and organs 
from the treated animals were digested and the 
radioactivity of an ahquot portion was measured 
m a jacketed Geiger Muller counter (Veall, 1948) 
The amounts of ^®^I present m the bUe, urme and 
faeces, as thyroxme, duodotyrosme and iodide, were 
measured by Gross and Leblond’s method (1947) 


Experiments on rats that had received oral doses 
of 1 0 mg of labelled thyroxme per kg of body 
weight showed that thyroxme was absorbed from 
the gut, and that 96% of the dose was excreted 
dunng the first four days The ^^^I m the urme was 
present almost entirely as iodide, whereas that m 
the faeces was present m both orgamc and morgamc 
forms Our results were m general agreement with 
those of Gross & Leblond (1947) 

Anaesthetized cats were used to study the 
amount of m blood and its excretion m the bile 
and urme The cats received smgle doses of 34- 
100 /ig of labelled thyroxme per kg of body weight, 
subcutaneously, mtravenously or by direct mjec- 
tion mto the duodenal lumen Absorption occurred 
from the mtestmal lumen For aU routes, the 
amount of m the bile was related to the blood 
concentrations, the m the bile was present m 
approximately equal proportions m organic ^and 
morgamc forms Appreciable amounts of ^^^I were 
secreted mto the stomach, but very httle activity 
was found m the thyroid glands About 6 % of an 
mtra duodenal dose was excreted m the urme 
durmg the first 6 hr after mjection 
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Some Observations on the Co-enzyme of Phosphoglucomutase By L H Stiokland 


Trucco, Cardmi, Paladmi, Caputto & Leloir (1948) 
have recently shown that glucose 1 6 diphosphate 
(GDP) 18 the CO enzyme of yeast phosphogluco 
mutase (PGM), and suggest that the claim of Kendal 
& Stickland (1938) that fructofuranose 1 6 di 
phosphate (FFDP) is the co enzyme was d.ue to 
contammation of their h'PDP with a trace of GDP 
This commumcation aims at showmg that, although 
Kendal and Stickland’s FFDP was mdeed con- 
taminated with GDP, yet FFDP can take the place 
of the CO enzyme of muscle PGM 

The evidence is 

(1) The apparent alBnity of yeast PGM is much 
smaller than that of muscle PGM for crude FFDP 
Accordmg to Sutherland, Postemak & Con (1949) 
the two enzymes have the same afllmty for GDP 

(2) FFDP purified by rejieated crystallization of 
the brucme salt is mactive to yeast PGM, but still 
active to muscle PGIM Roughly one half of the 
activity of the crude FFDP is due to its GDP 
content, which is of the order of 1 % 

(3) Durmg acid hydrolysis of pure FFDP, co 
enzyme activity is lost pan passu wnth the hydro 
lysis of the first phosphono acid GDP, on the other 
hand, is completely mactivated by very rmld acid 
hydrolysis (Trucco et al 1948) 

(4) On alkaUne hydrolysis of pure FFDP, re 


moval of 86 % of the pho^horio acid destroys the 
activity to muscle PGM, while similar treatment of 
the crude product leaves the activity to the yeast 
enzyme unchanged 

(6) Partial hydrolysis of the crude FFDP gives 
results consistent with the view that the activity 
18 due one half to GDP and one half to FFDP 

FFDP obviously cannot participate m the cham 
of reactions suggested by Trucco ei al as the 
mechanism of the action of GDP It seems much 
more hkely that FFDP acts by transferrmg a 
phosphoric acid to glucose 1 phosphate, to produce 
GDP, which IS the true co enzyme All the present 
experiments were done with a partially punfied 
muscle PGM, the behaviour of a highly punfied 
enzyme (Jagannathan & Murray Luck, 1949) is 
stiU to be studied 

Another pomt of difference between the enzymes 
firom yeast and from muscle is that, whereas yeast 
PGM m the absence of GDP is completely mactive, 
partly punfied muscle PGM is not After a lag penod 
the reaction begins slowly, gathers speed, and 
eventually reaches a rate equal to that found at 
optimal co enzyme concentration This may possibly 
account for the fact that several workers have 
purified muscle PGM without observmg that it 
needs a co -enzyme 
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Amino-acid Oxidase of Neurospora crassa By A E Bendeb, H A KIbebs (Medical Research 
Council Unit for Research in Cell Metabohsm, Department of Biochemistry, University of Sheffield) 
and N H Hobowitz (Kerckhoff Laboratories of Biology, California Institute of Technology, Pasadena, 
California) 


Horowitz (1944) reported tlint aqueous extracts of 
Neurospora crassa contamod an ammo acid oxidase 
capable of convertmg d a ammo acids mto the 
corrcspondmg a kotonic acids and ammoma The 
oiizj’mo v ns found to bo mactii e against l ammo 
acids, except l glutamic acid winch was oxidized 
at n rate less than one fifth of that found for the 
D compound 

A stram of N crassa obtamed from the National 
T\-po Culture Collection (no 3411) was found by 
Bender d. Ixrcbs to produce a luglilv ncti\ e ammo 
acid oxidase, but onlv l ammo acids were attacked 
b\ this 0117 \une A second stram of crassa, vhicli 


was obtamed from Mr G H Wiltshire, Cambridge, 
also produced an l ammo acid oxidase 

Tlie apparent discrepancy between these results 
and those reported by Horowitz were studied j omtlj 
nt the Sheffield and Pasadena laboratories and was 
found to be due to stram differences Under 
identical conditions some strains form a n ammo 
acid oxidase onlv and some an l ammo acid oxidase 
only Other strains form both enziTnes 
The formation of the two enzymes also depends 
on the composition of the medium Both enzymes 
are formed (bi smtablo strains) when the synthetic 
medium of Horowitz A, Beadle (1943) with 0 25 fig 


c 2 
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biotm per litre is used, but increasing the biotin 
concentration to 6 /xg /I suppresses the production 
of the L enzyme by the Cambridge stram 

Tlie L-ammo oxidase was present not only m 
extracts of the mycehum but also m the clear liquid 
culture medium In some experiments over 80% 
of the total enzjune produced m the culture flask 
was present m the medium after 16-18 days of 
mcubation The d ammo acid oxidase is not dis 
charged mto the medium 

Kmght (1948) has recently described an l ammo 
acid oxidase m acetone dried myceha of several 
Penicilltum species and of Aspergillus mger This 
enzyme seems to differ m several ways from that 
found m Neurospora crassa The quantity of l- 
enzyme produced by N crassa can be of the order 


of 100 times greater, on a weight for weight basis, 
than that produced by the other moulds There are 
also differences m the relative rates at which dif 
ferent ammo acids are attacked The Neurospora 
enzyme, unhke Knight’s, is not mhibited by nar 
cotics such as octanol 

The L ammo acid oxidase is the second oxidase 
found to be released by a mould mto the medium, 
the first case bemg that of glucose oxidase (Coult 
hard, Michaehs, Short, Sykes, Sknmshire, Stand 
fast, Birkmshaw &, Raistnck 1945) Together with 
L ammo oxidase, N crassa releases a lughly active 
catalase mto the medium Hence no accumulation 
of hydrogen peroxide is expected when the oxidase 
acts upon ammo acids under normal growth 
conditions 
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Plasma and Tissue Protein Regeneration in Renal Disease with Hypoprotelnaemia and Oedema 
By Fbeda K Hebbebt {Section of Chemical Pathology, Department of Pathology, King's College, 
Newcastle upon Tyne) 


A few studies hitherto reported show that m tins 
type of renal disease the administration of a diet 
high m both protem and total calones causes 
positive N balance wluch may be mamtamed for 
many months, though restoration of plasma protem 
may be very slow (Peters, Bruckmon, Eisenmon, 
Hald & Wakeman, 1931, Liu & Cliu, 1936, Keut 
mann & Bassett, 1935, Parr, 1938, Cowie, Jams & 
Cooperstock, 1930) The object of the present work 
was to determme whether cystme, given as a 
supplement to diets of a type expected to give the 
highest N balance so far obtamable, would mcrease 
the rate of plasma protem regeneration Heavy 


albummuna mvolves loss of serum albumm, which 
IS richer m cystme than any dietary protem Some 
observations of Y^upple and his collaborators 
suggested that cystme imght have a specific effect 
on plasma protem regeneration (Madden, Noehren, 
Waraich & YTupple, 1939, Robscheit Robbms, 
Mdler & Yfiupple, 1943) 

Four patients with nepluitis, givmg a history of 
msidious onset of oedema without gross haematuria, 
have been studied Total serum protem ranged 
from 3 27 to 4 11 %, albumm from 1 37 to 2 16 % 
Data were obtamed for total N m diet, urme, and 
faeces , fluctuations m n p n of body flmd , serum 


Case 

Sex 

Age 

Duration of lUnesa 


1 

F 

27 

7 months 

Cystme given, g /day 


0 

06 

Protem (g N/day) 

(a) Absorbed 


7 66 

7 67 

(6) Catabohzed 


3 36 

6 11 

(c) Gamed m tissues 


2 23 

0 87 

(d) Gamed or lost m 

plasma 

+ 0 19 

-0 07 

(e) Lost as urinary 
protem 

Albumm 1 
Globulm 

[ 1 79 

1 66 

(/) Total protem synthesized 

4 21 

2 46 


(c + d + c) 


2 

M 

40 

3 months 


0 

27 

17 33 

17 28 

10 96 

11 41 

3 89 

2 74 

000 

-0 14 

2 17 

2 79 

0 31 

0 48 

6 37 

6 87 


3 

M 

33 

17 months 


0 

27 

17 29 

17 39 

11 08 

10 16 

3 38 

4 48 

+ 0 27 

-0 14 

2 20 

2 47 

0 36 

0 43 

6 21 

724 


4 

M 

17 

10 months 


0 

24 

16 93 

17 17 

12 29 

10 84 

1 32 

334 

+ 0 36 

+ 004 

2 29 

213 

0 67 

0 82 

464 

6 33 
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proteins, plasma volume, and urmary protem 
Total calorie mtakes ranged from 2613 to 3412 per 
day Protem mtake ranged from 116 to 124 g per 
day except m case 1, m which there was a low urea 
clearance Case 2 was comphcated by recurrent 
infection, and very shght pyrexia was present 
dunng the balance study The diet was given for 
4-9 days m prepeiration, for the next 7-10 days as 
a balance period, and for a further 7-10 days’ 
balance period with swided oystme The dose of 
cystme was planned to bnng the oystme lysme 
ratio of the dietary protem up to that of serum 


albumm The essential findings are given m the 
table 

On diet alone, there were high positive N 
balances due to tissue protem regeneration A high 
rate of serum protem regeneration was oSset by 
albummuna In no case did the cystme improve 
the rate of serum protem regeneration appreciably 
In case 3, cystme appemed to produce a defimte 
improvement m tissue protem regeneration In 
case 4, a growmg boy, a moderate rate of tissue 
protem regeneration on diet alone was greatly 
mcreased by the cystme supplement 
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Transport of Radioactive Na"*^ and K'^ Through Gastric Mucosa By B Eva Craite and 
R E Davies {Unit for Research tn Oell Metabolism {Medical Research Council), Department of 
Biochemistry, University of Sheffield) 


Experiments with radioactive ions to discover the 
flux of Na"*" and K"*" across gastne mucosa under a 
vanety of conditions have been earned out as part 
of an mvBstigation mto the secretory and eleotncal 
activity of this membrane Isolated fixig gastno 
mucosa was mounted m the apparatus described 
by Crane, Davies & Longmuir (1948) The nutnent 
solution was frog bicarbonate sahne, the secretory 
solution was either 0 12 M NaCl or 0 12 m KCl The 
solution hathmg one side contamed a known con 
centration of =*Na or ■‘^K, the solution hathmg the 
other side was changed penodicaUy and its radio 
activity measured with a hqmd counter 
A comphcation arose when it was discovered that 
oven when the radioactive isotope (m a solution of 
total molarity 0 12)wa3 diluted 260 fold with water, 
losses of activity up to 30% occurred due to ex 
change of radioactive ions with ions m the walls of 
glass vessels, syrmges, etc Tlio aotmty could be 
recovered by woshmg with solutions of the stable 
isotope, and the loss of activity did not occur when 
dilutions were made with 0 12m NaCIor 0 12m KCI 
For aiij ono restmg mucosa the rate of transport 
of Na'^ or K'*' remamed constant to ± 16 %, but 
mcreased rapidlj if tho mucosa was mechnmcally 
damaged ns mdicated bj tho fall of the potential 
difference across it Expienmental results gii en m 
Table 1 are based on n\ ernges for at least tlirco con 
Rocutiio half hour periods Thej show that tho 


rates of transport of Na'^ and K"*" from the secretory 
to the nutnent side were almost the same In the 
opposite direction the rate of transport of Na'*' was 


Table 1 Rates of transport of Na'*' and K'*' 
across resting isolated frog gastric mucosa 


Direction of transport. 

Secretoiy to 
nutnent side 

A 

Nutnent to 
aceretoiy side 

^ 

Ion carrying actinty 

Na+ 

K+ 

f 

Na+ 

> 

K+ 

Concentration (mil) 

120 

120 

110 

46 

No mucosae studied 

6 

7 

4 

0 

Rate of transport (pa /cm 

■) 




Mean 

22 

21 

29 

1 6 

Range 

10-39 

10-35 

20-39 

0-8-2 G 


1 pa =C 28 X 10' univalent lons/sco 

= 1 04 X 10** mM univalent lou/eec 


Bunilar, the rate of transport of K'*’ (vlioso con- 
centration m the nutnent solution was only 4 1 
of the Na^ concentration) was 6% of the rate of 
Na"*" transport Thus there was no appreciable 
directional nsj-mmetry of tho tj^po obsened m 
frog skin for which the influx was about ten times 
the outflux (Uasmg, 1949) 

In mno experiments with **Iv, tho rate of trans- 
port of m both directions was reiersiblj m 
creased up to see enfold when histammo was added 
to the nutnent solution Tins mcreose was not 
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dependent upon the initiation of acid secretion 
A comparable effect of adrenaline on the rate of 
transport of Na"*" through frog skm was observed 
by Barker Jorgensen (1947) and Ussmg (1949) 
Experiments m which an applied electric current 
was passed tlirough the mucosa m either direction 
showed that K'*' and/or Na"*" can carry at least part 


of the current (cf Crane, Davies <L Longmuir, 
1948, Davies & Ogston, 1949) It is of mterest 
that the electric currents which can be mamtamed 
m on external circuit by isolated frog gastric mucosa 
(Crane et al 1948) are of the same order as the 
cation currents which contmuously cross the 
mucosa (Table 1) 
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Observations on the Organic Matrix of Bone 
School and Hospital, Leeds 1) 

Durmg the normal resorption of bone and m some 
pathological conditions such ns hyperparathy- 
roidism the orgamc matrix as well ns the morganic 
salts of the bone are removed (e g Bums <L 
Henderson, 1940) Tlius any understanding of the 
process of resorption must take mto account the 
removal of the organic as well as the morganic 
material Moreover, such is the paucity of our 
knowledge of the biochemical mechamsms under- 
lymg the resorptive process that either the removal 
of the hydroxyapatite or of the mtegratmg organic 
matrix may be the pnmary step The present 
work IS concerned with some of the constituents of 
the orgamc matrix of bone, their quantitative 
changes with age and their distribution m the 
bone 

The amount of total N, calcium, and phosphorus 
m ether extracted dried samples of human bone 
powder has been measured The amount of reducmg 
substances and hexosamme has also been measured 
after acid hydrolysis of the powder The samples 
studied were thoroughly cleaned pieces of femur 
taken from the centre of the shaft of bones obtamed 
from people dying as the result of accidents The 
results obtamed show that the concentration of 
total nitrogen falls with age, a result anticipated by 


By H J Roqehs {Biological Research Unit, Dental 

Roche &. Garcia (1930) for rats and more recently 
by Strobmo & Farr (1949) for oxen 

The amount of reducmg substances (3 0-4 6 % 
expressed m terms of glucose on dry bone powder) 
and of hexosamme (0 10-0 20 % expressed as 
glucosamme HCl on dry hone powder) also show 
a considerable reduction The faO m concentration 
of both protem and ‘polysacchandes’ is greatest 
m the early years of hfe (12 months-14 years) 

The nature of the polysaccharides and other 
‘reducmg substances’ present m bone is under 
mvestigation Levene (1926) reported, without 
givmg details, the isolation of a sulphated poly- 
saccharide from bone, and Pmeus (1948) claims the 
isolation of chondroitm sulphate from dentm It 
has been found that durmg the process of decaloi 
fymg bone powder by cold 2 n-HC 1 (3 hr treatment 
at 26° C ) about 30 % of the N and of ‘polysac 
charide’ is rendered soluble 

Ground sections of bone have been stamed by a 
modification of the Hotclikiss (1947) procedure for 
polysaccharides and lugh concentrations of stairung 
material have been found m the Haversian canals 
and very low concentrations distributed m the 
matrix Decalcified sections have yielded similar 
results 
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Preliminary Observations on the Metabolism of the Alveolar Bone of Mammals By 
S WEiDMAjrN oad H J Rocras (Bxological Research Umt, Dental Sdwol and Hospital, Leeds \) 


One of the most serious features of many tj'pes of 
paradontal disease (pyorrliea) is the loss of part of 
the alveolar bone which normally encases the roots 
of the teeth and thus holds them firmly m position 
The bone may either be rosorbed locally around ono 
or more teeth, n condition which is often associated 
with deep bactenally infected pockets between the 
‘gum’ and tooth, or, sometimes, a general hon 
zontal resorption of the alveolus may appear to 
take place A knowledge of the metabolism of this 
bone taken m comparison with that of members of 
the rest of the skeleton might, therefore, be of con 
Biderable value m helpmg forward our imdor- 
stondmg of the general syndrome of pyorrhea 
The rate of exchange of radioactive phosphorus 
(”P) has been mvestigated usmg cats These aiumals 
were chosen for the preliminary work because the 
relative degree of calcification of the aKeolus, 
cleaned by a flotation teoluuque, was similar to that 
found for Homo sapiens Cats suffer with a mild 
paradontal condition, but it was qmte possible to 
select radiographically ‘ normal ’ animals, i e those 
which showed no apparent resorption of the alveolar 
bone on X ray esammation A solution of NajHPOi 
contammg marked phosphorus was mjected sub 
cutaneously and the cats killed by ex sangumation 
under anaesthesia, after \arymg periods of tune 
The level of the radioactive element m the alveolar 


femur shafts and heads and m the blood serum was 
compared with the total concentration of phos 
pliorus (^'P + ’^P) in the samples In some experi- 
ments the level of radioactive phosphorus m the 
plasma was mamtamed approximately constant 
durmg the experimental period by repeated daily 
mjoctions of the labelled salt solution, urme 
measurements were used to reflect the plasma level 
m such experiments 

Tlie rate at wluch the phosphorus enters the 
bone salt of the trabecular alveolar bone is very 
much less than the correspondmg rate for the trabe 
cular bone of the epiphyses and httle greater than 
that for the shaft of the long bone 

It is difficult to mterpret tlus result by the hjqjo- 
thesis, so far unproved, that the exchange of 
phosphorus m the bones of the hvmg animal is 
entirely due to the lomc exchange which takes place 
m powdered bone ash, and is thus a function of the 
degree of contact between the hydroxyapatite 
crystals and the cuculatmg plasma (Neuman & 
Rdey, 1940) If this were the whole explanation we 
should have to assume that the surface of crystals 
exposed m the trabeculae of the alveolar bone is 
only shghtly different from that m hard bone, 
a conclusion difficult to accept m view of the 
histological eind radiographic appearance of the 
bone 
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The *Early-lag’ Phase of Aerobacter aerogenes By S Dagley, E A Dawes and G A Mokrison 
(Department of Biochemistry, School of Medicine, Leeds) 


Worlong with an aerated synthetic glucose 
ammomum medium. Lodge & Hmshelwood (1943) 
found that bacteria taken early m their loganthmio 
growth phase showed ‘early lag’ when mooulated 
mto a fresh lot of medium of the same composition 
Several hours after the end of the loganthmio phase, 
‘late lag’ developed, whilst at some mtermediate 
point there was a Tnimmnm m the curve relating 
lag and ‘age’ We have shown that these relation 
ships are greatly influenced by conditions both 
pnor to and during growth m the basal medium 
In the work summarized below, bacteria from a 
stock mamtamed either on slopes or m broth were 
subcultured tliree tunes m succession m the basal 
medium before moculation mto the medium m 
which growth was followed 

(1) Cells from a stock kept on slopes showed no 


early lag at ages for which the original workers 
(1943) demonstrated considerable lag, their stram 
bemg mamtamed by serial subculturmg m broth 
Slope mamtamed cells, however, showed lag when 
harvested and washed 

(2) The same stram when kept for 6 weeks m 
broth showed marked early lag m unaerated media, 
falhng sharply to zero about one thud of the way- 
through the logarithmic phase Beyond this pomt, 
1 e whilst rapid cell di-vision was still m progress, 
a later lag phase developed Although, therefore, 
the position of the minimum m the lag age curve 
has formerly been regarded as approximatelv 
comcident with the onset of the stationary 
phase, work -with the present stram mdicates 
that the two phenomena are not necessarily con- 
nected 
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(3) Cells grown in unaerated media showed a few 
hours’ lag at all ages when transferred to the 
synthetic medium through which air was bubbled, 
but this lag was practically abohshed by three 
successive subcultures m the presence of the air 
stream Cells which had been stored m broth, as 
m (2), and then tramed m tins way to optimum 
aerobic growth were used as mocula for both aerated 
and unaerated media In both cases, although 
minim um lag ivos given towards the end of log 


anthmic growth, the lag-age curves were much 
shallower than m (2), where mocula were taken 
from imaerated cultures 

(4) Viable counts of cultures with early lag 
showed that m this phase cell division is not absent, 
but that there is a definite logarithmic rate of 
growth one third to one quarter the normal value 
The latter is the rate winch is measured by 
turbidimetric methods or by haemocytometer 
counts 
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Influence of Amino-acids, and Compounds in the Krebs Ovidation Cycle, on ‘Early Lag’ 
By S Daguiy, E A Dawes and G A Mormson (Department oJ Biochemistry, School of Medicine, 
Leeds) 


Lodge & Hmshelwood (1943) obtamed direct expen 
mental evidence for the view that early lag m a 
synthetic medium is due to diffusion from the cells, 
at high dilution, of the mtermediates necessary for 
rapid cell division to commence If tins ^^ew is 
accepted it is seen that, by studymg the growth 
responses evoked by the ad^tion of small amounts 
of various compoimds, it may bo possible to gam 
information about the nature of these essential 
mtermediates The foUowmg results were obtamed 
with cells tramed to the basal medium by three 
senal subcultures 

(1) Usmg mocula from a slope mamtamed stock 
taken from the early logaritlimic phase but showmg 
no lagpenod (see Dagley, Dawes Morrison, 1949), 
the addition to the basal medium of any of the 
foUowmg compounds separately, at concentrations 
of about 10 parts per million, raised the mitial 
growth rate significantly above its normal value 
metlnomne, glutamate, aspartate, a ketoglutarate, 
oxalacetate, sucemate By the tune that visible 
growth appeared, growth rates had m all cases 
reverted to normal, although famt turbidity was 


reached much earlier when the additions were 
made 

(2) With tlie exception of aspartate, lag produced 
by washmg cells from slope stocks was also partly 
removed by these additions 

(3) Malate and fumarate did not produce this 
effect over the same region of concentration, 
fumarate was definitely inhibitory and malate 
shghtly so 

(4) Early lag is a phase of reduced growth rate 
(Dagley et al 1949) For cells exhibitmg this phase, 
plate counts showed that the various additions at 
the concentrations stated raised this low rate of 
growth to a value appro achmg normal 

It IS seen that wlulst several compounds (and 
related ammo acids) takmg part m the Krebs cvcle 
produce growth responses, others do not Any theory 
assignmg to the Krebs cycle a place of importance 
m the economy of the bacterial cell must take tlus 
fact mto account, as well as our observation that 
fluoracetate had little adverse effect on bactenal 
growth, lodoacetate, over the same concentration 
range, is a pov erful mhibitor 
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Factors Influencing the Polysaccharide Content of Escherichia coli By S Dagiiey and 
E A Dawes (Department of Biochemistry, School of Medicine, Leeds) 

Cells grown on an ammo acid medium of known reduemg sugar estimated by the Somogyi (1937) 
composition were washed, treated with 2 N HjSO^ method Expressing the results as mg poly 
for a length of tune known to ensure complete sacohande per 100 mg dry bactenal weight a 
hydrolysis of the polysacohande, and the resulting storage of about 7 % was obtamed m the absence 
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of sugar, but when glucose, lactose or galactose wore 
added the storage rose with concentration to about 
18 %, with a sugar concentration of 2 g /I Dawson 
Happold (1943) reported no storage with man 
nose and we find that additional storage with tlus 
sugar and with fructose is shght Storage was 
studied when the vanous sugars were present at 
a pH range from 6 to 9 For glucose and galactose, 
which gi\ e good storage at pH 7 6, alkalme or acid 
conditions had a marked adverse effect on storage, 
winch IS probably due to the fact that imder these 
conditions little sugar is consumed before the 
stationary phase is reached Storage m the presence 
of mannose and fructose is not so dependent upon 
pH, the low value at adverse pH values bemg 
similar to that under favourable conditions 
In an attempt to elucidate the function of poly 
saccharide storage its value was determined in the 
vanous phases of growth of the baotena both m 
the ammo acid medium and m a basal glucose 
ammonium medium Durmg the stationary phswe 
the storage was reduced by almost half durmg a 


period of 40 hr It nught be suggested that in this 
phase the cells were utihzmg stored polysaochande 
when foodstuffs m the medium were no longer 
available, but the foUowmg observations do not 
support this view The fall m storage is not exactly 
oomoident with the cessation of ceU division and 
the same storage is obtamed m the basal ammonium 
medium whether exhaustion of glucose determmes 
the onset of the stationary phase or whether glucose 
18 m excess and division ceases because the mtrogen 
source is exhausted 

The phases of growth were followed m this work 
by turbidity determinations eind we have repeatedly 
confirmed the observation of Monod { 1 942) that when 
ceU division ceases there is a defimte fall m bactened 
mass during the course of several hours Although 
this might be ascnbed to consumption of ceU 
material, such as polysacohande, durmg the restmg 
phase this is not substantiated by the fact that the 
turbidity falls as soon as the stationary phase is 
reached, wheresis the polysaccharide storage does 
not 
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Experiments on the Mobility of the Methyl Group In Dimethylacetothetln,(CH,)tS^ CHjCO 0~ 
By F CHAjmENGEB and Patbioia Fothebqill (Department of Chemxetry, The University, Leeds) 


Willstktter (1902) showed that at about 300° 
betame, (CH5)3N+CH,COO~, is partly converted to 
methyl dimethylammo acetate, and ChaUenger, 
Taylor & Taylor (1942) found that the mobile 
methyl group can be transferred by heat to com 
pounds of S, Se and Te givmg (CHj),S, (CH,)iSe 
and (CE[3 )jT 6 With aromatic primary ammes, 
R NHj, formation of R NHCH, occurs and di 
sulphides, RS SR, also undergo methylative fiission 
to RSCHj After the isolation of dimethyl p pro 
piothetm chlonde, (CHjliS+ia’lCH, CHjCOOH, 
from Polyaiphonm fastigiaia by one of us and 
Simpson (1948), Maw & du Vigneaud (1948) found 
that this thetm salt and also the chloride of 
dimethylacetothetm, (CH,)iS''' CHjCOO”, supported 
growth of rats on a diet deficient m methyl donors 
but containing homooystme The occurrence of 
biologicaUy labile methyl m both these thetms was 
further demonstrated by Dubnoff i, Borsook (1948), 
who showed that the chlorides could methylate 
homocysteine to methionme usmg hver or kidney 
preparations of rats, gumea pigs and hogs 


It was of mterest to find whether the mobdity of 
the methyl group m the thetms could be detected 
as m the case of betame We find that when 
the anhydride of dimethylacetothetm hydroxide, 
(CH,),S'''CB[jCO 0~, IS heated with anihne, p tolm- 
dme or p naphthylamme the N methyl compounds 
of these bases, RNHCH3, are formed and character- 
ized as the N mtroso -derivatives, RN(NO)CH3, or 
as the acetyl derivative Much (CHjljS and COj 
axe evolved and considerable quantities of the 
diaxylurea, CO(NHR)„ are formed Anilmoaeettmi 
hde, CjHjNHCOCBEiNHCjHj , was also isolated, a 
type of compound repeatedly observed m the 
betame experiments, where however no diarylurea 
was detected The methylations effected by betame 
and thetm may mvolve a positive or a neutral 
methyl radical (Challenger, 1946, 1947) It 13 con- 
ceivable that the methylation of the ammes may be 
effected by a neutral — CH. — radical or even by 
the decarboxylation of an arj^lglycme The diaryl- 
ureas may perhaps arise from decomposition of a 
more complex compound or from the free radical 



xxvm PROCEEDINGS OF THE 

— C — 0 — (see below) Further worlc is in pro- 

O 

gress 

Possible reactions (compounds imderhned have 
been detected) 

(CH3),S+ CHjCO O' + RNHs 

= (CB^ + i?NH CHjCOOH, 

B NHCH2COOH + RNH2 

= RNH CH; CONHR + H3O, 

RNHCHjCOOH = RNHCH3 + CO„, 

(CH3)jS+ CBLC00“ + RNH. 

^CHjS CH, COOH + RNHCH3 
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(transmethylation, no derivative of CHjSCHjCOOH 
yet isolated), 

(CH3)jS+ CH3COO- = (CH3)„S + - CHj— , 

+JJNH, 

\o- - ^ 

= RNH CO OH — ^CO(NH^ + HjO 

Gaseous CO, and boiling amhne give no diphenyl 
urea The mterconversion of the thetm and the 
isomeric ester, CHjSCHjCOOCHj, has not yet been 
effected 
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Organs of some Members of the Compositae 
(Department of Biochemistry, The University, Sheffield) 


Carbohydrates Present in the Subterranean 

By J S D Bacon and J Edemian 

Extracts made by dismtegratmg Jerusalem arti- 
choke tubers with water m the Warmg Blendor 
contamed about 2 mg /ml of reduemg substances 
About 100 mg /ml of reduemg sugar (estimated by 
the method of AliUer & Van Slyke, 1 936) was hberated 
on hydrolysis with 0 6% oxalic acid at lOO'’ for 
30 mm Of this four fifths was fructose (see Bacon 
& Bell, 1948) while the remamder was removed by 
the action of glucose oxidase (Kedm A Hartree, 
1948) and was therefore glucose Increasmg con- 
centrations of ethanol precipitated increasmg 
amounts of polysacchando material, but aU fractions 
so obtamed were soluble m cold n ater (cf Thaysen, 
Bates & Green, 1929) 

Exammation of such extracts by the method of 
paper partition cliromatography (Partridge, 1948) 
showed the presence of small amounts of free 
fructose and of a series of components contammg 
fiructose with Rp values (m three solvent mixtures) 
rangmg from those for sucrose to zero In chromato- 
grams run for 2—6 days with butanol acetic/water 
mixture at least six such components could be seen m 
addition to em undifferentiated zone of Bp below 0 02 


A similar series of components was found m 
extracts of the subterranean organs of five other 
species of Compositae 

One of the components has been tentatively 
identified ns sucrose by 

(1) The Bp values m tliree solvents 

(2) The lack of reduemg power as judged by the 
use of AgNOj and benzidme sprays 

(3) Its disappearance from chromatograms of 
tuber extracts treated with an mi’ertase preparation 
from yeast 

(4) Extraction from the paper and estimation 
of fructose and total reduemg sugar after mild acid 
hydrolj’sis 

(6) Hydrolysis by mvertase in situ on a two 
dunensional chromatogram and subsequent identi 
fication of glucose and fructose 

Similar methods have been apphed to the exami- 
nation of the other components of the extract 
Additional information as to their composition has 
been obtamed by the use of the enzyme preparation 
described m the foUowmg abstract 
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The Action of an Enzyme Preparation from Hebanthus iuberosus L. (Jerusalem artichoke) on 
Carbohydrates Present in the Tubers By J Edeiaian and J S D Bacon {Department of 
Btochcmutry, The Umvcraity, Sheffield) 


Green (1887) descnbed an enzyme hydrolysmg 
mubn m extracts of tubers of the Jerusalem arti 
choke, -which he named muhn-ferment Other 
authors have studied mulases from plants, e g 
Ctchonum Intybua L (chicory) (Wolff &, Geslm, 
1918) and from moulds (see Oppienheimer & 
PincuBsen, 1929) 

Extracts of the tubers made as described m the 
pr6\'ious abstract shorved on mcubation a marked 
negative change m optical rotatory po-wer which 
could be correlated with an mcrease m reducmg 
substances The quantitative relations were con 
sistent -with the hypothesis that fructose -was bemg 
liberated from matenal ha-vmg a negative rotation 
No such change -was observed m boiled extract 
The activity was greatest at about pH 6 

Attempts were made to concentrate and punfy 
the enzyme activity The standard substrate solu 


tion used was a boiled extract of tubers, adjusted 
to pH 6 0 with acetate buffer and filtered The most 
active preparation obtamed hberated about 9 mg 
of reducmg sugar when 0 6 ml was added to 2 6 ml 
of standard substrate solution and moubated for 
30 mm at 40° This represents a 20 fold concen 
tration 

Paper partition chromatography (Partridge, 
1948) has been used to separate the components of 
the standeud substrate solution The action of the 
enzyme preparation upon these and upon muhn 
was mvestigated Both glucose and finictose are 
among the products of hydrolysis and mtermediates 
have been detected resembhng m value the 
components of the fi:eshly extracted jmce (see 
precedmg abstract) The rate of sucrose hydrolysis 
was only about one twentieth of that of the standard 
substrate under the test conditions 
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The Mechanism of the Bacterial Oxidation of Certain Aromatic Compounds, together with 
the Preparation and Properties of a Cell-free Enzyme System which Accomplishes Ring 
Cleavage By W H Pabk, R A Evans and W C Evans {Bwchemxcal Laboralonea, University 
OoUeye of Wales, Aberystwyth) 


It has been established that vibno 01 (Happold & 
Key, 1932) oxidizes the foUowung aromatic com 
pounds through the follo-wing mtermediates (Evans 
& Happold, 1939 , Evans, 1947 , Kilby, 1948 , Evans, 
Parr & Evans, 1949) 


By the apphoation of the simultaneous adapta 
tion techmque, Stamer, Sleeper, Tsuchida & Mac 
donald (1949) ha-ve concluded that Paeudomonaa 
fhioreacena, capable of metabohzmg these substrates, 
does so m a similar manner This we have confirmed, 

in, co,H 

'\ch/’ 

. Acetic acid 
Formic aad 
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by chemical isolation of mtermediates, working 
with their organisms An important pomt, brought 
out by the Stamer techmque, is the essentially 
distmct pathways of benzoic and p hydroxy ben- 
zoic acids, durmg the mitial stages of their meta 
holism (Stamer et al 1949) 

To account for the mtermediates isolated, we 
suggest the foUowmg mechamsms for the oxidations 
— they are visuahzed as occurrmg by the aid of 
H 2 O 2 (or OH free radicals) 


In a similar manner, the stages lending to nng 
cleavage with the production of )3-keto adipic acid 
may be visualized 

We have been successful m the preparation of the 
cell free rmg splitting enzymes, by the powdered 
pyrex glass grmdmg method Some properties of 
this system, mcludmg the effect of inhibitors, were 
discussed 
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Some Observations on the so-called ‘Bracken Poisoning’ of Farm Animals, and the Aneurln 
Inactivating Mechanism of Various Plants By H E Robebts, E T R Evans and 
W C Evans {Umverstty College of Wales, Aberystwyth) 


We have already confirmed the presence of a 
mechanism m the common bracken (Ptens 
aquihna) (Evans, E T R & Evans, W C 1949, 
Evans, W C & Evans, E T R 1949) which renders 
aneurm m the diet unavailable to the animal 
These expemnente, together with others (Weswig, 
Freed & Haag, 1946, Thomas & Walker, 1949), 
were done on rats We now report the experi- 
mental production of ‘bracken staggers’ m the 


horse, together with observations on the condition 
The aneurm and pyruvic acid blood levels of such 
an animal presents a typical picture of avitammosis 
Bj Daily mjeotions of 6 O-IOO mg of aneurm, 
subcutaneously, without ohangmg the bracken diet 
led to a rapid recovery of the animal 

Some properties of the aneurm mactivatmg 
mechanism were discussed 
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It IS hoped to pobhah the folloTvmg papers m the next issue of the Btochemxcal Journal 
The potato eelworm hatching factor 

1 The preparation of concentrates of the hatching factor nod a method of bioassay ByC T Calam, H Baistbiok 

and A. K Tonn 

2 Purification of the factor hy alkaloid salt fractionation Anhydrotetronio acid as an artificial hatching agent 
By C T Calam, a R Todd and W S Wabiko 

3 Concentration of the factor by chromatography Observations on the nature of eclepic acid By D H 
Maeeian, P B RdsseUj, A R Todd and W S Wahino 

4 Solanum nxgrum as a source of the potato eelworm hatching factor By P B Rdsseld, A R Todd and W S 
WABlNa 

6 Attempts to prepare artificial hatching agents Part I Some furan derivatives By P B Rdssedl, A. R 
Todd and W S WAStNO 

6 Attempts to prepare artificial hatching agents Part H Some active nryhdene ^ butenohdes and related 
compounds By D H Marklan, P B Russell and A. R Todd 

The fermentation process m tea manufacture 10 The condensation of catechms and its relation to the chemical 
changes m fermentation By E A H Robebts 

The deamination of glycme by o radiation from the dismtegration of boron m a nuclear reactor By W M. Dale, 
J V Davies and C W Gilbert 

Observations on antisera against complexes of di 2 ohJoroethyl sulphide and protein. By D S FLEirmo, A M. 
Moore and G C Bdtlee 

Invesfagations mto ohohnesterase levels m serum and cerebrospinal flmd of psychotic patients By D F Early, 
R E Hemehill, M. Reiss and E Bbdmmel 

Ammo acid decarboxylases of rat hver By G H Sloake-Stanley 

Methods for the determination of N methyl 2 pyndone 6 carboxylamide and of N methyl 2 pyndone-3-carboxyl- 
anude m human unne By W I M. Holmak and D J de Lange 

The termmal peptides of insulin By F Sander 

Regulation of urmary steroid excretion 2 Spontaneous changes m the pattern of daily excretion m mental patients 
By M. Rebs, R E Hempkda., J J Gordon and E B Cook 

Optical rotation of the molybdate complex of dfxtro wocitnc acid. By L V Eggleston and H A. Krebs 

The use of buffered columns m the chromatographic separation of 2 A^dirntrophenyl ammo acids By S Blackbiten 

The mechanism of the action of notatm By R Bentley and A. Neitbekgeb 

An apparatus for the micro.eleQtrolyBis of water By R Bentley 

Growth factors for Corynebactertum dxpbih&nat 4 Preparation from yeast By F W Chattaway, Dokis E 
Dolby, D A Hall and F C Haffold 

A new manometno method for detennmation of respiratoiy quotients By H Laser and Lord Rothschild 
Carotenoids, vitamin A and 7.dehydrosteroid m the firog (Sana Umporana) By R A. Morton and D G Rosen 
A histological method for the biological estimation of vitamm A By W H K. Coetzee 
Studies m detoxication 28 The biosynthesis of o-, m and p cyanophenylglucnromdes By J N Smith 
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Papers submitted for publication in the Biqchemical Journal should be written concisely 
Special attention is directed to the sections below concerning the preparation of the type- 
script Strict observance of these requirements will shorten the interval between the receipt 
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researoh not previously pubhshed, that it is not under 
Mnsidoration for publication elsewhere, and that if accepted 
tor the Biochemical Journal it mil not be published other 
Wise in tho samo form, either in Enghsh or in any other 
lavage, without the consent of tho fiitonal Board 
Contributors who reside outside Great Bntam are re 
quested to nominate somebody in Great Bntam who is 
mltag to emrreot the proofe of their papers Papers from 
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01 the number of reprints required 
Unless coidusion would otherwise arise, oontnbutors’ 
names should appear as initials (but female authors may 
use one gi'^ name in full) and surnames only, mthout 
titles or Bniares The name and address of the laboratory 
where the work was performed should bo given Any 
nceesMTj desemitivo matenal regarding the author, eg 
Beit Memorial Follow, should appear in brackets after the 
®°d of the paper, and not m tho 

lorm of a footnote 
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^tosB of the person to whom the proof of the paper is to bo 
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Buitablo for a mnmng title m the published pages of tho work! 

Form of Papers Submitted for PubUcation. Tho 

ouitable for sendmg to 
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CtrPa^^°^ 'V accept 

bditj Papers on specialized subjects should Im pre^ted 


so that they are mtellimble to the ordinary reader of the 
Journal Sufficient information should be moluded to 
permit repetition of the experimental work 
Papers mtended for pnbbcation should be m double 
spaced typing on sheets of unif orm size mth mde margins 
Top copies offiy should be submitted The paper should bo 
written m English It should be divided clearly mto parts 
(a) Introduction, cont aining the reasons for pubboation of 
the work, (6) Experimental methods with ohemioal papers 

but oSierwise should follow the mtroduction, (c) Results 
these should bo given oonoisely, tables or figures are often 
the best form, but the use of both to express the same results 
will only rarely be permitted, illustrative protocols only 
should be moluded, (d) Discussion it is desirable that the 
presentation of the results and the discussion of their 
significance should be considered separately, (e) Summary 
a summary, about 3 % of the length of the paper, should be 
mcluded, the paragraphs of the summary should bo 
numbered, {/) Acknowledgements, (g) References 

References These should bo given m tho text thus 
Barnett A Robinson (1042), (Culbertson A Thomas, 1933) 
where a paper to be cited has more than two authors, the 
names of all the authors should be given when reference is 
first made, eg (Osborne, Mendel A Ferry, 1919), sub 
sequent citations should appear thus (Osborne el al 1919) 
Whore more than one paper by the same authors has 
appeared m one year the reference should bo given os 
follows Osborne A Mendel (1914o), Osborne A Mendel 
(19146), or Osborne A Mendel (1914a, 6), (Osborne A 
Mendel, 1914a, 1010, Barnett A Robinson, 1942) 

At the end of the paper references should be given m 
alphabetical order according to the name of tho first author 
of the publication quoted, and should mclude the authors’ 
mitials, but not tho title of the paper Titles of journals 
should be abbreviated in accordance with tho system used 
m the ITorW Biel of Saent^c PenodicaU (19W, 2nd ed., 
Oxford Umvcrsity Press) Examples of such abbreviations 
will bo found m the current numbers of the Biochemical 
Journal and a useful bst has been published m tho 
Journal of Physiology (1946, 104, 232) References to books 
and monographs should mclude the town of pnbbcation and 
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the name of the pubhsher, as well as the date of pubhcation 
and the number of the edition to which reference is made 
Thus 

Barnett, J W & Robinson, F A (1942) Bwchem J 36, 
364 

Culbertson, C 0 & Thomas, B H (1933) Eep Agnc Sei 
Iowa St CM 32 

Doisy, E A , Somogyi, M & Shaffer, P A (1923) J bxol 
Chem B5, Proc xxn 

Fairley, N H (1938) Nature, Land , 142, 1166 
Hennes^, D ff (1941) Indwtr Engng Chem (Anal ed ), 
13, 216 

King, H (1941) J chem Soc p 338 
Osborne, T B & Mendel, L B (1914a) J biol Chem 17, 
326 

Osborne, T B & Mendel, L B (19146) J biol Chem 18,1 
Osborne, T B Mendel, L B (1916) Biochem J 10, 634 
Osborne, T B , Mendel, L B & Ferry, E L (1919) J btol 
Chem 37, 233 

Starlmg, E H (1916) Principles of Human Physiology, 
2nd ed London ChurohilL 

Statistical Treatment of Results In general it is 
not necessary to publish the mdividual results of a number 
of similar experiments A statement of the number of 
mdividual results, their mean value, the standard error of 
themean, and the extreme range of values is usually sufficient 
Alternatively, it is often better, if possible, to molude a bnef 
frequency distnbution 

A statement that a significant difference exists between 
the mean (or other) values of two groups of results should 
be accompanied by the probabihty derived from the test 
of significance apphed- 

Illustrations Dlustrations, which should be appron 
mately twice the size of the finished block, should each be 
on a separate sheet trimmed to the smallest area and packed 
flat, they should boar the author’s name and the title of the 
paper on the back. Diagrams should be m Indian ink and 
should be drawn on plam white paper, Bristol board or 
famtly blue hned paper Curves based on experimental data 
should carry clear mdications of the experimentally deter 
mmed pomts Letters, numbers, etc , should be written 
lightly m penciL Legends and captions should be typed on 
a separate sheet from the illustrations and number^ corre 
spondmgly Figures should be comprehensible without 
reference to the text 

Unsuitable figures will be redrawn by the Press and the 
expense charged to the author 

Tables Tables should cany headings desonbing their 
content and should be comprehensible without reference to 
the text The dimensions of the quantities, egg /lOO mL, 
should be given at the top of each column, and not repeated 
on each Ime of the table Tables should be typed on separate 
sheets and then approximate position m the text should bo 
mdicated. 

Chemical Formulae These should be written as far as 
possible on a smgle horizontal Ime With morgomo sub 


stances and OHClj, CCli and CSj, formulae may be used 
m the text as abbreviations, particularly m the experimental 
portion, at the discretion of the editors With salts it must 
be stated whether or not the anhydrous material is used, 
e g anhydrous CUSO4, or which of the different orystallme 
forms 18 mdicated, e g 

CnSO^ 6HjO, CuSO* H,0 

Descriptions of Solutions Solutions ofoommon acids and 
bases should always be expressed m terms of normality (n), 
and salt^referably m terms of molanty (m), e g u-HCl, 
01 m NaPfjPO^ Fhictional oonoentrations should pre- 
ferably be expressed m the decimal system, eg 0 26 n HCl 
(not n/4 HCl) The term ‘ % ’ must be used m its correct 
sense, le g/lOOg of solution [For ‘per cent by volume’, 1 e 
mL/lOOml, the term ‘%(v/v)’ may be employed To 
mdicate that a given weight of substance is contamed m 
100 mb of solution, the term ‘ % (w/v) ’ (weight per volume) 
may be used 

Symbols and Abbreviations These are given on 
pp 3-7 of these notes Spectrophotometne terms and 
symbols are those proposed by theSooiety of PnbhD Analysts 
and other Analytical Chemists (see Analyst, 1942, 67, 164) 
’The attention of authors is particularly drawn to the 
foUowmg symbols m = (mdh) = 10~’ and p = (micro) = 10^ 
Note also that mb (milhhtres) should be employed instead 
of 0 o , and pg (micrograms) instead of y 

Nomenclature of Micro-organisms Bmommal Latm 
names of imoro-organisms, tbe generic name only with a 
capital, must be used m accordance with the International 
Rules of Nomenclature Bmominals should be underlmed 
once (for italic) m the typesonpt A name must be given m 
full at the first mention m a paper, m subsequent mention 
the generic name may be abbreviated, but the abbreviation 
must be unambiguous Smgle mitial letter abbreviations 
should, m generab be avoided (thus Staph aureus, Strep 
pyogenes not S aureus, S pyogenes) Scientific epithets or 
trivial names are not underlined and should be without 
capitals 

Microfungi should be designated as m Amsworth & Bisby’s 
A Diclionary of the Fungi (1945, 2nd ed , Kew Impenal 
Mycological Institute) 

Bacteria The Editonal Board prefers that the nomen 
olatnre of Bergey’s Manual of Determinative Bacteriology 
(1948, 6th ed., London Bailhfere, TmdaU and Cox) should be 
followed Where authors wish, for good reasons, to use 
a name other than that m Bergey’s Manual, the name as m 
Bergey’s Manual should be inserted m brackets at the first 
full citation, thus Chromobactenum prodigiosum {Serratia 
marcescens) 

Reprints Where at least one author of a paper is a member 
of the Biochemical Society, twenty five reprmts are sup 
pbed free of cost If the supply of paper permits, an author 
may purchase additional reprmts if he notifies the Press on 
the appropriate form immediately the proof of the paper is 
received, but only m exceptional oiroumstances wdl more 
than a total of 176 additional reprmts be supphed 
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ABBREVIATIONS AND SYMBOLS 

General 

The following hat gives abbreviations which may be used m the text of papers, as 
diatmct &om symbols which are essentially for use m mathematical formulae but may 
also be used m the text 

In the Introduction, Results, Discussion and Summary sections of papers the use 
of abbreviations should be very spanng Thus, abbreviations for umts are to be used, 
but not contractions of non-techmcal words or chemical symbols as abbreviations for 
elements, groups or compounds, unless this use is justified by special circumstances 
The abbreviation for the plural is the same as that for the smgular, unless confusion 
18 likely to arise Thus ‘centunetres’ is ‘cm ’ not ‘cms ’ 

The symbols M, k, d, o, m, [i, mp, and pp for multiples and sub-multiples may be 
prefixed to the symbol for any luut 

Ohemxcal Formulae and Abbremations 

Elements, groups, morgamc compounds (except water), and chloroform, carbon 
tetraohlonde and carbon disulphide are to be denoted by symbols m the Expenmental 
portion of the paper, but not generally m other portions Diatomic molecules are to 
be denoted appropnately, eg H 2 , Oj, Ng, la 

The abbreviations marked f for certam chemical compounds may be used, but the 
full name (with the abbreviation m parentheses) must be given the first time the com- 
pound IS mentioned m each paper Among the abbreviations marked f is a set of 
abbreviations for the names of ammo-acids and theu residues taken from a review by 
Brand & Edsall (1947, Ann Rev Btochem 16, 224) These abbreviations are to be used 
only to represent the structures of pol 3 rpeptide 8 (e g Gly Ala=glyoylalamne), and the 
empirical formulae of proteins (of the example given by Brand & EdsaU) A key to 
the abbreviations must be given at the first mention m each paper The abbreviations 
GSH and GSSG are used for reduced and oxidized glutathione 
In cheimcal names elements carrymg substituents are shown by symbols m itahos, 
0 g A-methyl-, used, if necessary, with primes or superscnpt numerals, e g jV*-acetyl- 
sulphamlamide The followmg forms are used ^20 acid, an acid containmg 20 C atoms, 
C( 3 ) or C-3, the atom numbered 3 , C-Me, carbon-methyl group 

Isotopes The atomic weight is mdicated by superscnpt figures before the symbol of 
the element, e g “C, 

Symbols 

In general the Biocbemical Journal follows the ‘Beport of a Jomt Comuuttee of the 
Chemical Society, the Faraday Society and the Physical Society on Symbols for the 
Tliennodynarmcal and Physico-Chemical Quantities and Conventions relating to their 
Use (1937) The followmg hat mcludes some of the more fiequently used symbols, 
and certam special symbols not mcluded m this report 
Symbols for purely mathematical constants and operators are pnnted m roman type, 
0 g e, base of natural loganthms Other symbols for quantities, as distmct from 
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abbreviations, are printed m itabo type, when they are not Greek, eg d (density) , 
E (extinction or electrode potential) , k, K (velocity and equihbnum constants) They 
are not followed by a full point except at the end of a sentence 

Micro-organisms 


The abbreviations marked * for generic 
but the full name must be given the first 
paper 


absolute 

aba. 

acceleration due to gravity 

g 

acetyl, CHj CO (in formulae) 

Ac 

•fadenosmediphosphoric acid 

ADP 

f adenosmetripliospbono acid 

ATP 

falanme 

Ala 

alkyl group (m formulae) 

Aik 

alpha- 

a- 

altematmg current 

a c 

ampere 

amp. 

ampere (with qualifymg pre- 
fix or suffix only) 

a 

analytical standard of purity 

All 

Angstrom umt 

A, 

ante meridiem 

am 

approximately 

approx (or use 
about, not c ) 

arginme 

Arg 

aryl group (in formulae) 

At 

atmosphere 

atm 

fasparagme 

(Asp NHj) 

faspartic acid 

Asp 

atormc weight 

at wt 

*BaciUu8 

B 

*Bactenum 

Bad 

benzoyl, C,Hs CO (m 
formulae) 

Bz 

boilmg pomt 

b p , pi b p ’s 

tBntish anti lewisite 

(2 3 dimeroaptopropanol) 

BAL 

British Pharmacopoeia 

B P (with date) 

British Thermal Umt 

B TH tr 


names of micro-organisms may be used, 
time the organism is mentioned m each 


calculated 

calc 

Calorie (large, kilogram- 
calone) 

kg cal 

calorie (small, gram calone) 

cal 

candle power 

cp 

centi- (prefix, 10 ~-) 

0 

centimetre 

cm 

centimetre gram second 

cgs 

cerebrospmal flmd 

c s f 

*Ohromobadertum 

Ohromohad 

*Olo8tndium 

a 

coefficient 

coeff 

coenzyme i, n 

Co I, Co n 

compare 

of 

concentrated 

cone 

concentration 

conen 

concentration (symbol, e g m 
specific rotation) 

c 

configuration (ammo acids 
and carbohydrates) 

D-, L-, etc 

{Btochem J 

1948, 42, 1) 

constant 

const 

constant, equihbnum 

K 

constant, Michaehs 

Km 

constant, velocity 

1 

corrected (m p , for emergent 
stem) 

corr 

*Oorynebadenum 

0 

cubic 

cu 

cune 

0 

cycles per second 

oyo /sec 

fcysteic acid 

(Cy SO 3 H) 


See miroduction, pp 3 4 
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•foysteme 

(CySH) 

foot candle 

ft c 

tcyetino 

(Cy,S.) 

freezing pomt 

fp 

decibel 

db 

gallon (Impenal) 

gal 

decomposition (m p ) 

decomp 

tglutamio acid 

Glu 

degrees absolute (Kelvm) 

“K 

•J-glutamme 

(GluJNHj) 

Jdegrees Centigrade 

°C 

fglutatbione 

GSSG 

degrees Fedirenheit 

op 

•j'glutathione, reduced 

GSH 

density 

d 

•j-glycme 

Gly 

dextrorotatory (ns prefix) (see 
also ‘configuration’) 


gram 

g 

dexlro, ( + )- 

eram calorie 

cal 

1" ‘ diohlorodipliQiiyltnohloro - 

ethane’, 111 tnchloro 2 2- 


gram ion 

gion 

di(p ohlorophenyl)ethane 

DDT 

gram molecule 

gmol 

f 3 4-dihydroxypbenylalamne 

DOPA 

Gram negative 

Gram — 

direct current 

d 0 

Grom positive 

Gram + 

dissociation constant 

(negative log of) 

pK 

•fhaemoglobm 

half wave potential (polaro 

Hb 

*Eberthdla 

Ebcrth 

graphy) (of Btochem J 42, 

E^ 

electro cardiogram 

cog 

421) 

electrode potential 

E 

height 

ht 

electrode potential, standard 

Eo 

henry 

H. 

electrode potential, standard 


high frequency 

hf 

at constant pH 

K 

thistidme 

Hin 

eleotroenoepbalogram 

e e g 

horse power 

hp 

electromotive force 

e m f 

hour 

hr 

electron volt 

eV 

hydrogen ion concentration 

[H+] 

equivalent (weight) 

eqmv 

hydrogen ion concentration 


*Eacliertchia 

Each 

(negative log of) 

pH, pj pH’s 

ethyl, CjHj (m formulae) 

Et 

hydrogen pressure (m atmo 
spheres) m equihbnum with 


Experiment (with reference 

oxidation reduction system 

rH 

numeral) 

extmction Hoc IJD 

Exp 

E 

thydroxylysme 

Hylys 

E\^=:Ejcl, where c is ooncn 
(% w/v) and 1 is length m cm 

■tbydroxyprohne 

mch 

Hypro 

m 

farad 

F 

mtemational umt 

1 u 

foot per second 

ft /sec 

lomc strength 

I 

Figure (with reference 
numeral) 

Fig 

tisoleuome 

Heu 

foot 

ft 

jumor 

jun 


*t Sco introduction, pp 3-4 

B t “id^^^tion, C to be used only when more than one Bcale 
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kilo (prefix, KP x ) 

k 

miUi eqm valent 

m-equiv 

kilovolt ampere 

kVa 

millilitre 

ml 

kilowatt hour 

kWh 

millimicron (10”“ metre) 


*Laciobactllu8 


§millimolar (concentration) 

mM 

Lb. 


laevorotatory (as prefix) 

(see also ‘configuration’) 

laevo, (— )- 

minimum, mmute 

§ molar (concentration) 

min 

M 

fleucme 

Leu 

molecule 

mol 

htre 

1 

molecular 

mol 

logantlim, m text 

log 

molecular extmotion coeffi- 


cient =fi7/cZ, where c is M 
concn and 1 is length m cm 

c 

logarithm (base 10), m 


formulae 

log 


molecular optical rotation 
molecular proportion (m 

etc 

logarithm (base e), m 
formulae 

In 

reactions) 

mol 

low frequency 

If 

molecular weight 

mol wt 

flysme 

Lys 




non-protem mtrogen (-with 


maximum 

max 

defimtion) 

N P N 

median effective dose 

EDjg 

§ normal (concentration) 

K 

median lethal dose 

LDjo 

normal (m orgamc com 


mega- (prefix, 10* x ) 

M 

pounds) 

n- 

meltmg pomt 

mp , pi m p ’s 

normal temperature and 
pressure 

N T P 

meia (m orgamc compounds) 
metaboho quotient of X (m 

m- 

number (m enumerations) 

no 

pi X/mg dry -wt of bio- 
logical material/hr ) 

Qxt 

ohm 

JQ 

metaboho quotient of X (m 


ort/io (m orgamc compounds) 

0- 

any other umts) 




fmethionme 

Met 

page, pages 

P.PP 

methyl, CH3 (m formulae) 

Me 

para (m orgamc compounds) p- 

metre 

m 

parte per milhon 

ppm 

metre candle 

m c 

*Pasteurella 

Past 

micro- (prefix, 10”* x ) 

P- 

*Pentctllium 

P 

microgram 

pg (noJy) 

per (e g grams per htre) 

/(g/ 1 ) 

micromicro- (prefix, 10~^ x ) 

pp 

llper cent 

% 

micromicron (10”^“ metre) 

Hfi 

population parameter corre 


rmcromilh- (prefix, 10”“ x ) 

sponding -to the s n of a 


pm 

sample (Not to be used ex- 


rmcron (10”* metre) 

u 

cept where reference is made 



to the population para 


milh- (prefix, 10”* x ) 

m 

meters) 

a 


*t See mtroduotion., pp 3—4 
X See notes on p 12 

§ Separated by a hyphen (and no full stop) from a chemical formula or name foUffwing it, 
e g M NaCl, N-NaOH, m solution 

II Percentage should bo -written m full, except m the Methods parts of papers eind m Tables, 
where the symbol ‘ % ’ may be used for the noun 
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phenyl, CjHs (m formulae) 

Ph 

fpheaylalamne 

Phe 

post meridiem 

p m 

potential difference 

pd 

precipitate 

ppt 

probabihty of an event bemg 
due to chance alone (1 e low 
values imply significant 
mam effect) 

P 

tprohne 

Pro 

*Pseudomonas 

Pa 

reciprocal centimetre 

cm 

red blood corpuscles 

RS 0 

refractive mdex 

n (with wave 


length as sub- 
sonpt) 


relative band speed (partition 
ohromatography) Movement 
of band/movement of liquid 
surface above column (Martm 
& Synge, 1941, Btochem J 
36, 1368) B 

relative band speed (paper 
partition ohromatography) 
Movement of band/move 
ment of advancmg front of 
hqmd (Consden, Gordon &; 
Martm, 1944, Btochem J 


38, 224) 

Bjr 

respiratory quotient 

B Q 

revolutions 

rev 

rontgen umt 

r 

second (tune) 

see 

secondary (m organic com 
pounds) 

see - 

sedimentation constant 

S 

tsenne 

Sor 

Bjiecios (smg and pi ) 

sp , spp 

specific gravity 

spgr 

specific licet 

sp ht 

specific optical rotation 

We. 

MW eto 


square (o g square centimetre) sq (e g aq cm ) 


standard deviation 

S D 

standard error 

S B 

standard error of the mean 

S B M 

*Staphylococcua 

Staph 

*Streptococcua 

Strep 

substituents (variable, m 
orgamc compounds) 

R, R' 

sum 

S 

temperature 

temp 

tertiary (m orgamc com- 
pounds) 

tert - 

fthreonme 

Thr 

tune 

t 

■(•tnchloroacetic acid 

TCA 

•{■111 triohloro 2 2 di (p 
chloropheny 1 ) ethane 

DDT 

•ftrj'ptophan 

Try 

ftyrosine 

Tyr 

uncorreoted (m p , for emer 
gent stem) 

uncorr 

•fvalme 

Val 

value (e g lodme value) 

val (e g I, val ) 

vapour density 

V d 

vapour pressure 

vp 

variety (e g botamcal) 

var 

velocity 

V 

viBcosity 

■<) 

volt 

V 

volume 

vol 

watt 

W 

wavelength 

A 

wavelength of D Ime of 
sodium (other wavelengtlis 

) D (as subscript) 

wave number (umt) cm 

weight 

wt 

yard 

yd. 


t See mtroduction, pp 3-4 
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SPELLINGS 

Adopted form 

acetamido 

adenosmediphosphono acid 

adenosmetnphosphono acid 

adrenalme 

aetio (prefix) 

albumin 

(abquot not used) 
alkab, pi alkalis 
aUo 

ammo acid 
ampoule 
analyse 
aneurm 

aneurmpyrophosphono acid 
anti- 

artifaot 
ascorbic acid 
asparagme 

baker’s 3?©ast 
benzamido 
benzene (CjHj) 
bis 

bivalent* 
body weight 
bo ilin g pomt 
brei 

brewer’s yeast 
Buchner 


ETC., ADOPTED 

Eemarks 

not acetylammo 
see abbreviations 
see abbreviations 

roman, no hyphen 

substitute ‘sample’ or ‘portion’ 

itaho, no hyphen 

other words from root Auai end m ‘lyse’ 

cdtemalive permitted vitamm Bj, not t hiamin 

aUemative permitted cocarboxylase 

hyphenate before compound words (e g 
anti blewktongue), but jom with others 
(e g antiserum, antistreptococcal) 

aUemative permitted vitamm C 

not benzoylammo 

not benzol, benzme not used 

roman 

no hyphen 
Anghoized, pi breis 


calciferol alternative permitted vitamm Dg 

carbobenzyloxy- (CBljPh O CO O — ) not carbobenzoxy 

oellophan 

chohne 

ohohnesterase 

* Latm prefixes will be used with words of Latm ongm such as ‘molecular’ and ‘-valent’, e g 
lummolecular’, ‘bivalent’, ‘ter ’, ‘quadn-’, ‘qumque ’, ‘sexa ’, etc , not ‘monomolecular ’, ‘diva- 
‘ent’, ‘tn ’, ‘tetra ’, ‘penta-’, ‘hexa-’, etc 
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italic, hyphen 


CM 

cooarboxylase 
ooenzyme i, cozymase 

coenzyme rt 

connexion 

cydo 

cytochrome c 

deoxy (prefix) 
duodotyrosme 
dioxan 

disulphide group 
dithiomte 

egg -white 

electron micrograph 
end pomt 
enzymic 

ethanol, ethanoho 
filter paper 

flavm ademne dmucleotide 

fluorunetry 

foousmg 

fractions, e g one half, two tlurds 
freezing pomt 

gelatin 

glycerophosphoric acid 
gumea pig 

haem, protohaem 

haematm, protohaematm 

hoomooliromogen 

haomoglohmometry 

hoxosophosphonc acid 

hydroljento 

hydrolj-so 

(hydrosulplnto, hyposulphite not used) 
hydroxyl group 


abbreviation Co i, not diphosphopyndme nucleo 
tide, nof DPN 

abbreviation Co n, not tnphosphopyndine 
nucleotide, not TPN 

itahc, no hyphen 

not desosy 

alternative permitted S S group 

preferably NajSjOj, previously called hydro- 
sulphite, hyposulphite 

not electron microgram 
not enzymatic 

not ethyl alcohol, not alcohoho 


measurement of fluorescence , not fluorometry 
use hyphen 


alternative permitted phosphoglycerol 

prosthetic group of haemoglobin 
oxidized haem 
haem -1- base 

one -word, no hyphen 

see dithiomte 

aliemaine permitted OH group, not hydroirv 
group 
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ice water 


infrared 

one word, no hyphen 

lodometno 


ions 


antimony, pentavalent, Sb'"*" 
antimony, tnvalent, Sb"*^ 
calcium, Ca'*"*' 
sulphate, SO~ 


-ise, -ize 

use termmation ‘ ize ’ generally, but not ‘ lyze ’ for 
words endmg m ‘-lyse’ See CoUms, Authors' 
arid Planters' Dictionary 

tsobutanol 

woButanol at the begmnmg of a sentence 

isoelectric 


isoleucme 


kephabn 


hght petroleum 

not petroleum ether 

lipid, phospbohpm 

bpid material of biological ongm which is 
soluble m fat solvents Lipoid not to be used 
Lipm as a suffix only, e g phospbohpm, etc 

htter mate 


lyse 

spell with ‘ s ’ not ‘ z ’ , derived words analogously 

meltmg pomt 

Messrs XYZ Ltd 

no comma before ‘Ltd ’ ‘Messrs’ used only m 
acknowledgements 

methanol, methanoho 

not methyl alcohol 

micro analysis 

miorocrystalline 

rmcro Kjeldahl 

micro organism 

> 

general rule no hyphen except before vowel 
or before proper name 

mustard gas 

alternative permitted di 2 chloroethyl sulplude, 
special symbol H 

ninhydrm 


non- 

hyphen 

nor (m orgamc compounds) 

roman, not itahc, no hyphen 

ox 

domestic bovme species without sexual dis 
tmction, not beef 

phenylgluouromde 
phenylsulphunc acid 
phlorrhizm 
phospbohpm 
photomicrograph 

not phenol sulphate 
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potassium hydroxide 
pyndoxme, pjndoxal 
pyrrole 

quadrivalent 

qumol 

qumquevalent 

nboflavm 

semi- 

separatmg funnel 
sexavalent 
sodium hydroxide 

stilboestrol (4 4'-dihydroxy diethylstilbene) 

Student’s t test 
sulphydryl group 

tap water 

tervalent 

thyroxmo 

tocopherol 

ToUens reagent 

toluene 

tram 

tnoliloroacetio acid 
tnosephosphate 
tryptophan 
twofold 

ultraviolet 
un ionized 
um valent 

water 
water bath 
wavelength 

X raj 
X* lest 


not caustic potash 
aUemahve permiUed vitamm Bg 


not hydroqumone 

alternative permitted nbitylflavm, not lactoflavin, 
not vitamm B* 

hyphen, except m chemical names, 
e g semicarbazide 

not caustic soda 

give systematic name first tune, not called 
diethylstilboestrol 

no literature reference 

alternative permitted SH or thiol group 


aUemahve permitted vitamm E 

not toluol 
italic, hyphen 
see abbreviations 

other ammo acids have terminal ‘e’ 
for numbers above ton thus, 11 fold 

one word , no hyphen 


not HjO 
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ANALYSES, MELTING POINTS AND ROTATIONS 

The standard forms for reporting these are as follows 

The new compound (name in itahcs) had m p 176" (decomp ), [a]“ + 17° ± 2° m water (c, 1 6) 
(Found C, 40 8, H, 6 9, N, 11 6, OMe, 26 0 CgHwOaNa requires C, 40 7, H, 6 8, N, 11 9, OMe, 
26 3% ) 

The known compound had mp 178-179° The mixed mp with an authentic sample kmdly 
supphed by Dr Z was identical (Found C, 48 6 , H, 6 1 , OMe, 60 1 Calc for CioHuO, C, 48 4 , 
H, 6 4, OMe 60 0% ) Alternatively The known compound h^ m p 178-179° The mixed m p 
with an authentic sample (mp 179-181°) prepared accordmg to X & Y (1932) was 178-180° 
(Found Calc for ) 

Notes 

1 Melting points It is desirable to state whether m p ’s are corrected or uncorreoted for the 
emergent stem of the thermometer This can often be done convemently at the begmning of the 
experimental section 

2 Specific rotations It is desirable to give an estimate of the error mvolved 

3 Percentages in elementary analyses These should generally be given to one place of decimals 
only, smce the second place is rarely significant 


METABOLIC QUOTIENTS 

1 (a) The symbol Qx may be used to represent metabohc quotients only m the umts yl X/mg 
dry wt of biological matonal/hr (b) If the metabohte X is a sohd or hqmd it is for the purpose of 
this convention considered as a gas at K t r , 1 fonol of X bemg ecjmvalent to 22 4^ 

2 Metabohc quotients m any other umte, e g /unol X/mg dry wt /hr , /A X/mg N/sec , may 
be represented by the symbol gx 

3 The umts for Q or g must be clearly defined at the first mention m each paper 

4 Production and removal of metabohtes are mdicated bj-^ quotients with + and — signs 
respectively The signs may be omitted if no confusion can thus anse 

6 Aerobic or anaerobic conditions may be mdicated by the superscripts O 2 and N, respectively, 
thus g^^ "WTien measurements are made m another gas, tins may be mdicated 

by the appropriate superscript, eg 

6 The substrate may, if necessary, be mdicated m parentheses followmg the Q symbol, thus 
Qao, (pyruvate) 

7 It IS sometimes preferable not to use the special symbols Qx or gx, but to state umts (e g 
jim ol /g wet wt /hr ) each time a metabohc quotient is mentioned 



For Fluorescence tests 

in biochemical research — 

HANOVIA 
QUARTZ LAMPS 

For ultra violet radiation m nil its appbcn 
tions Hanotua Quartz Lamps nro standard 
sources, gcnerntmg nil tbc lines of the Hg 
spectrum doira to 1850 A U Many lines are 
sharp and can rcaddj be isolated for inter- 
ferometiy, Raman effects, and so forth Bj 
addition of a Wood’s Filter, uhich isolates 
the bands round 3660 A U , the lamps also 
serve for identification of vitamms, separa- 
tion of areas on chromatograms, and many 
other important biochemical tests Reprinted 
papers on many scientific apphcntions of 

1 ultra-violet radiation arc freely available 
last tvall be sent ivath our catalogue of tech- 
meal models, free on npphcation 



Ulustralion ahotes the Hanovta Fluorescence 
lamp. Model I, a self starting high pressure 
mercury are Both A C and D C models 
available Cosf( including detachable JFood’s 
Filter) £26 10s 

HANOVIA LTD. 

The Specialists in ultra molei equipment 

SLOUGH 

London Shoturooms 3 Victoria St , S TV 1 



For Chemical 
Analysis 

Coloninetnc ertunatioiu withm the visible 
spectrmn are rapidly and accurately determined 
by means of the new Umcam DiflEraction Grating 
Spectrophotometer This instrument is 
^ecially nsefol for the mvestigation of 
‘unknown’ samples It facilitates the 
detenmnation of an end pomt when coloured 
nnpuntiea are present m addition to an indicator 
and enables the user to follow readily the 
reactions of orgamc materials in which colour 
^ngcsoccnr The bandwidth i. approximately 
35 inilliiiucronp 
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Umcam Diffraction Grating Spcctropbotometer 
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SUGGESTIONS TO AUTHORS 


Papers subraitted for publication in the Biochemical Journal should be written concisely 
Special attention is directed to the sections below concerning the preparation of the type- 
script Strict observance of these requirements will shorten the interval between the receipt 
of a paper and its publication Typescripts which are not concise or which do not conform 
to the conventions of the Biochemical Journal vfiXl be returned to authors for revision 


Communications Papers submitted for pubbcation 
abould be sent to Prof E J King (BiocK^micoE Journal), 
Postgraduate Medical School, DucaneRoad, London, W 12 
CommunicationB respecting the purchase of ropnnts should 
he addressed to the XJmversity Press, Cambridge 


General Submission of a paper to the Editcnal Board 
will he held to imply that it presents the results of original 
research not previously published, that it is not under 
conBideration for puhhcation elsewhere, and that if accepted 
for the Biochemical Journal it vnll not be published other 
wise in the same form, either in English or m any other 
language, without the consent of the Editorial Board 
ContnbutoTs who reside outside Great Britain are re 
quested to nominate somebody m Great Britain who is 
willing to correct the proofs of their papers Papers from 
such contributors should be accompamed by a statement 
of the number of reprmts required 
Unless confusion would otherwise arise, oontnbutors’ 
names should appear as uutials (but female authors may 
Me one gi^n name m full) and surnames only, without 
tiUes or suffixes The name and address of the laboratory 
where the work was performed should be given Any 
necfi^aiy dese^tive matenal regarding the author, e g 
Bolt Memorial Fellow, should appear in brackets after the 
author 8 imme, or at the end of the paper, and not in the 
form of a footnote 

Typesori^s should carry an indication of the name and 
cureaa of the person to whom the proof of the paper is to be 
<m , and should give also a shortened version of the paper’s 
•! ®*^®^®^oeedmg forty five letters and spaces m length, 
emta ble for a running title m the published pages of the work. 

Form of Papers Submitted for PubUcatlon The 
a paper m a form sm table for sending to 
p ea in the first place mth the author Authors should 
■mfU onrrmt issue m order to make themselves famihai 
be Biochemical JoumaVs practice concerning typo 


graphical conventions, uso of cross headings, lay out of 
tables, citation of references, etc The need for editonal 
revision of badly prepared typesenpt wiU lead to delay m 
pubhcation for which tho Editors cannot accept responsi 
Dility Papers on specialized subjects should be presented 
BO that they are intelligible to the ordinary reader of the 
Journal Sufficient information should be mclnded to 
permit repetition of the erperunental work 

Papers mteuded for pubhcation should be m doable 
spaced typmg on sheets of uniform size with wide margins 
Top copies only should be submitted. The paper should be 
written m English It should be divided clearly mto parts 
(o) Introduction, containing the reasons for publication of 
the work (6) Esperunental methods with chemical papers 
the experimental part will normally appear towards the end, 
but otherwise should follow the introduction, (c) Results 
these should be given conoisely, tables or figures are often 
the best form, but the use of both to illustrate the same data 
WiU only rarely he permitted illustrative protocols only 
should be moluded, (d) Discussion it is desirable that the 
presentation of the results and the discussion of their 
significance should be considered separately, (e) Summary 
a summary, about 3 % of the length of the paper, should bo 
mclnded the paragraphs of the summary should be 
numbered, (/) Acknowledgements, (p) References 

References These should be given m the text thus 
Barnett & Robinson (1942), (Culbertson & Thomas, 1933), 
where a paper to be cited has more than two authors, the 
names of all the authors should be given when reference is 
first made, eg (Osborne, Mendel i, Ferry, 1919), sub 
sequent citations should appear thus (Osborne et al 1919) 
Where more than one paper by the same authors has 
appeared m one year the reference should be given as 
follows Osborne & Mendel (1914c), Osborne A, Mendel 
(1914:6), or Osborne & Mendel (1914a, b), (Osborne i, 
Mendel, 1914a, 1916, Barnett t Robinson, 1942) 
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At the end of the paper references should be given m 
alphabetical order according to the name of the first author 
of the pubhcation quoted, and should mclude the authors’ 
mitials, but not the title of the paper Titles of journals 
should be abbreviated in accordance with the system used 
m the 'World Ltst of Sctenixfic Periodicals (1936, 2nd ed , 
Oxford Umversity Press) Examples of such abbreviations 
will be found m the current numbers of the Biochemical 
J oumal and a useful hst has been published m the Journal 
of Physiology (1946, 104, 232) References to books and 
monographs should mclude the town of pubhcation and 
the name of the publisher, as weU as the date of pubhcation 
and the number of the edition to which reference is made 
Thus 

Barnett, J W A Robmson, F A (1942) Biochem J 36, 
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Statistical Treatment of Data In general it is 
not necessary to publish the mdividual results of a number 
of similar experiments A statement of the number of 
mdividual results, their mean value, the standard error of 
the mean, and the extreme range of values is usually suflBcient 
Alternatively, it is often better, if possible, to mclude a bnef 
frequency distnbution 

A statement that a significant difference exists between 
the mean (or other) values of two groups of data should be 
accompamed by the probability derived fiom the test of 
significance apphed 

Illustrations lUuatrations, which should be approxi 
mately twice the size of the finished block, should each be 
on a separate sheet trimmed to the smallest area and packed 
flat, they should bear the author’s name and the title of the 
paper on the back Diagrams should be m Indian mk and 
should be drawn on plam white paper, Bnstol board or 
famtly blue hned paper Curves based on expcnmental data 
should carry clear mdioations of the expenmentally deter 
mined pomts Letters, numbers, etc , should be written 
lightly m pencil Legends and captions should be typed on 
a separate sheet from the illustrations and numbered corre 
spondmgly Figures should bo comprehensible without 
reference to the text 

Unsuitable figures will be redrawn by the Press and the 
expense charged to the author 

Tables Tables should carry headmgs desonbmg their 
content and should be comprehensible without reference 
to the text The dimensions of the data, egg /lOO ml , 
should be given at the top of each column, and not repeated 
on each hne of the table Tables should be typed on separate 
sheets and their approximate position m the text should be 
mdioated 


Chemical Formulae These should be written as far as 
possible on a smgle horizontal hne With moignmc sub 
stances and CHClj, CClj and CSj, formulae may be used m 
the text as abbreviations, particularly m the experimental 
portion, at the discretion of the editors With salts it must 
be stated whether or not the anhydrous matenal is used, 
e g anhydrous CuSO^, or which of the different ciystaUme 
forms IS mdicated, e g 

CuSOi 6HiO, CuSO^ HjO 

Descrlptionof Solutions Solutionsof common acids and 
bases should always be expressed m terms of normahty (N), 
and salts preferably m terms of molarity (m), e g n HCl, 
0lMNaHtPO4 Fractional concentrations should pre 
ferably be expressed m the decimal system, eg 0 26 n HCl 
(not n/ 4 HCl) The term ’%’ must be us^ m its correct 
sense, log /lOO g of solution For ‘per cent by volume’, i e 
ml /lOO ml , the term ‘ % (v/v) ’ may be employed To 
mdicate that a given weight of substance is contamed m 
100 ml of solution, the term ‘ % (w/v) ’ (weight per volume) 
may be used 

Sjmibols and Abbreviations Authors should refer to 
current numbers of the BiochemicalJournal for information 
m this connexion With a few exceptions the symbols and 
abbreviations are those adopted by a committee of the 
Chemical, Faraday and Physical Societies m 1937 (see 
J chem Soc 1944, p 717) The chemical nomenclature 
adopted is that given m Principles of Abstracting (1948, 
London Bureau of Abstracts) Much further information 
IB given by MitcheU m British Chemical Nomenclature (1948, 
London Arnold) Spectrophotometnc terms and symbols 
are those projxiBed by the Society of Pubhc Analysts and 
other Analytical Chemists (see Analyst, 1942, 67, 164) 
The attention of authors is particularly drawn to the 
followmg symbols m = (miUi) = IQ-’ and p = (micro) = 10~* 
Note also that mk (miUilitres) should be employed instead 
of 0 c , and /ig (micrograms) instead of y 

Nomenclature of Micro-organisms BmommalLatm 
names of micro oigamsms, the generic name only with a 
capital, must be used m accordance with the International 
Rules of Nomenclature Bmommols should bo nnderhned 
once (for italic) m the typescript A name must be given m 
full at the first mention m a paper, m subsequent mention 
the generic name may be abbreviate, but the abbreviation 
must be unambiguous Smgle imtial letter abbreviations 
should, m general, bo avoided (thus Staph aureus. Strep 
pyogenes not S aureus, S pyogenes) Scientific epithets or 
trivial names are not underlined and should be without 
capitals 

Microfungi should be designated as m Amsworth A Bisby’s 
A Dictionary of the Fungi (1946, 2nd ed , Kew Impenal 
Mycological Institute) 

Bacteria The Editonal Board prefers that the nomen 
clature of Bergey’s Manual of Determinative Bacteriology 
(1948, 6th ed , London Baflhfere, Tmdall A Cox) should bo 
followed Where authors wish, for good reasons, to use 
a name other than that m Bergey’s Manual, the name as m 
Bergey’s Manual should be inserted m brackets at the first 
full citation, thus Chromobacterium prodigiosum (Serralia 
marcescens) 
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of the Biochemical Society, twenty five reprmts are sup 
phed free of cost If the supply of paper permits, an author 
may purchase additional reprmts u he notifies the Press on 
the appropriate form immediately the proof of the paper is 
received, but only m exceptional circumstanoes will more 
than a total of 176 additional reprmts be supphed 
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The Distribution of Glycogen in the Liver of Rabbits 


l?v A NYS X AUBERT and C D^ DUVE 
Drpartmct}t‘! of PhijswJoqij ami of Plai-aologtcal Clicmitlry, Unncrsiti/ of Loiaain, Belgium 

{Piccix-cd 2S March 1040) 


Attention hns roconth been cnllcd b\ Gomon i- 
Goldncr (1047) to n stnkingh ■imc\cn distribution 
ofghcogcnmtholucrofmbbits According to these 
authors, \'nnnt ions exceeding so\ornl 100%Inn^ bo 
obsened in siniultnncoiis biopsies t-nken from the 
satno or from different h\ or lobes 

In the present im cstigation, a sun oj of the dis 
fnbution of Iiier gbeogen has been earned out on 
rabbits submitted to a \ nrietj of o'qienmentnl eon 
ditions It has not been possible to confinn Gomon 
fi- Goldncr’s (1047) ob=cr\ntions Onh rclatiieh 
small mtralobnr and interlobar differences v.cro 
obsened, not exceedmg those dosenbed in other 
animal species 

Only the distnbution of gUcogen inll bo con- 
sidered hero The effects of the i nnous experimental 
conditions on the gl 3 cogen content will bo desenbed 
elsewhere 

^EETHODS 

Ten rabbits were chosen for tbo surrey by sampling a rory 
heterogeneous population, including fed and fasting (24 hr ) 
animals, and fasted animals injected with antenor pituitary 
extract, or with glucose +mBulm or with both (two animals 
m each group) Their hver glycogen content vaned between 

0 32 and 8 65% 

The animals were killed by mtrarenous injection of 600 mg 
sodium Enpan. Samples weighmg appronmatoly 100 rog 
were taken immediately after death and immersed m tared 
centrifuge tubes containing 2 ml of 30% (w/v) KOH They 
were analysed accordmg to Good, Klramcr 4, Somogyi (1933), 
the final glucose detcrmmation bemg made by the method 
of Nelson (1944) 

The sampling was made on the three mam lobes of tho 
hver l=nght lobe ( +gall bladder), 2=middle lobe, 
3 =left lobe Three samples were taken ftom distant sites in 
each lobe Three contiguous samples were further token from 
one of the lobes for estimation of the error of determmation 

luterlobar and intmlobar vanations were detemuned 
rtatistically by making a vananco analysis of the resulta 
(Mather, 1946) In order to homogenize tho vananoes from 
animals which were not immediately comparable, the 
analysis was made on the logarithms of the results, usmg 
natural loganthms An estimation of the relative variations 
of the glycogen content throughout the hver was thereby 
obtamed It may be pomted out that the absolute differences 
between comparable results were found to mcrease with 
increasing glycogen contents, whereas the relative differences 
remamed approvimatoly constant 
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RESULTS 

Tho results of the \armnco mialj'sis nro sum- 
TUnrizcd in Table 1 


Tnblo 1 I anance analysts of distribution 
of hver glycogen 


Onpn 

Degrees 

Slim 



Relative 

of 

of 

of 

JIcnn 


S D * 

\ anance 

freedom squares 

square 

P 

(%) 

Rabbits + treat- 9 

30 9722 

— 

— 

— 

ment 

lyibcs 

20 

0 2658 

0 0128 

<0 001 

86 

I’osition in lobo CO 

0 2332 

0 0030 

<0 001 

64 

Analytical 

00 

0 0002 

0 00116 

— 

3 46 


proccdurcf 

• Gives tlio equivalent of tho loganthmio standard 
deviation from tho mean, m percentage of the mean 

t Since only ono of tho nmc determinations made on each 
animal was done in tnpbcatc, tho estimation of this factor 
Could not be included m tho general variance analysis, but 
Was effected separately 

For the purpose of illustration, the results of the 
two oxponments in which the largest discrepancies 
vvoro observed have been recorded fully in Table 2 


Table 2 Distribution of liver glycogen 


Rabbit Treat 
no mont Lobe 

8 Fastmg 1 
(24hr ) 

2 

3 

9 Fed 1 

2 

3 


Glycogen content 
(g /lOO g wet wt ) 

^ — t 

Mean Mean 
of of 

Site A SiteB SiteC lobe hver 
1 34 1 00 1 21 1 18' 

1 40 

1 36 ■ 1 32 1 29 1 22 1 28 • 1 24 

120 ) 

1 24 1 13 1 39 1 26 


6 70 6 10 4 76 6 19 

6 61 6 40 6 36 6 71 6 82 ' 6-24 

6 60) 

4 71 4 62 4 03 4 72. 


(o) Error of determination This includes possible 
local differences between contiguous pieces of hver 
tissue As 18 shown m Table 1 , the standard deviation 

16 
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from the mean of tliree results obtamed on contiguous 
samples amoimts to 3 46 % of the mean value 

(6) Iniralobar dtslribiUion IVlaen three pieces of 
hver are taken from distant sites m the same lobe, 
the variations are sigmficantly larger than those 
ansmg only from detemunation errors (relative 
SD =G4%,P<0 001) These variations are, how- 
ever, much smaller than those described by Gomori 
& Goldner (1947) It may bo calculated that the 
probabihty of findmg a local glycogen content more 
than 16 % higher or lower than the average content 
of the lobe is smaller than 0 01 Out of the sixty 
determmations of this kmd which have been made, 
none shows a deviation of that magnitude and only 
three deviate more than 10 % from the mean lobar 
value, 10, 14 4 and 16 6 % respectively 

(c) Interlobar distribution Interlobar variations 
are significantly higher than the intralobar ones 
(relative sn = 8 6%, P<0 001), but here agam 
the differences are not very important quantitatively 
It may bo computed from the data presented that 
a smgle glycogen detemunation, performed on 
100 mg of hepatic tissue, would, under the con- 
ditions of our experiments, be representative of the 
average glycogen content of the whole hver with 
a standard error of 8 6 % Tlie probability that the 
result obtamed would exceed the average content by 
more than 26 % is smaller than 0 01 

Closer analysis of the mdividual results shows that 
the heterogeneity of the lobar distribution is almost 
entirely due to the middle lobe (lobe 2), whose 
glycogen content is systematically higher than those 
of the two others, which are usually m close agree- 
ment (average mcreaae for lobe 2 6 9%, limits for 
P = 001 24and96%) 

(d) Individual differences and differences due to 
treatment It should be mentioned here that the 
results were first analysed separately for each 
mdividual rabbit and then by groups of two similarly 
treated animals Comparison of the results of the 


1949 

indi\ndual and group analyses showed that the 
relative distribution of glycogen m the hver was not 
significantly affected either by mdividual differences 
nor by differences due to the treatment A bulk 
analysis of the homogemzed variances of all the 
animals was thereby justified Only the results of 
this analysis have been given m Table 1 

DISCUSSION 

In view of the data presented here, there seems to be 
no reason to exclude the rabbit from studies m 
volvmg determmations of hver glycogen An analysis 
performed on three pieces taken at random m the 
tliree lobes of the liver should furnish a very 
satisfactory estimation of the average glycogen 
content of that organ 

It is difficult to reconcile these results with those 
of Gomon &, Goldner (1947) However, the con 
elusions of these authors are partly based on lusto 
logical emdence, and one may wonder to what extent 
microscopic heterogeneity is hable to affect the 
average glycogen content of a macroscopic sample of 
tissue 

SUM3L4RY 

1 The distribution of glycogen m the hver of 
rabbits subjected to a vanety of experimental con 
ditions has been studied chemically and the results 
analysed statistically 

2 The distribution m the same lobe and m 
different lobes has been found to be significantly, 
though moderately, heterogeneous 

3 The relative s d of a smgle determmation with 
respect to the average glycogen content of the whole 
hver was found to be 8 6 % under the conditions of 
our experiments 

This work has been supported by a grant from the Lilly 
Research Laboratories 
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Prosthetic Groups of the Cytochromes Present in 
Corynebacterium dtphtheriae with Especial 
Reference to Cytochrome a 

By W a RAWTLiESlSOJT* (Wellcome Tra\ clhng Rc^cftrch Fellow , 1047-8) act ^ ^ 

[Rcccncd 28 December 1948 ) 


As a preliminarj' to im estigntions on porpli\Tin syn 
thesis by Coryncbaclcrnnn dtphihcnac wntli \nno«s 
isotopically labelled compounds, wo deemed it 
essential to study the prosthetic group of the evto 
chromes of tins organism The present paper reports 
the results so far obtamed 

With C diphthenac, controlled improvement of 
friYin production has led to a correspondmg increaso 
in the production of free porphjTm, accurate 
adjustment of iron concentration is essential for the 
production of optimum amounts of to\m, oven w hen 
other factors such as pH, nutrients, etc are optimal 
Pappenheimer (1947 a, b) has shown that there is 
a parallel nse and fall of tovm and porphjTin 
excreted mto the medium durmg cultivation imdcr 
different conditions The porphyrm was identified 
tentatively by Campbell Smith (1930) and Coulter 
& Stone (1931) and was charactenzed as copropor 
phynn TTT by Gray & Holt (1947) A fimctional 
relationship between to-on and pigment was postu 
lated by Pappenheimer ( 19 47 a) after he had obtamed 
evudence to mdicate that for every 4 atoms of iron 
added above the amount givmg an optimum yield of 
toxm, there faded to appear m the culture fluid 
4 mol of porphyrm and 1 mol of toxm At such 
higher iron levels he found that cells contamed 
greater amounts of a haemochromogen hke sub 
stance C dtphthenae contains large amounts of 
cytochrome 6 and smaller amounts of c and o 
(Fujita &, Kodama, 1934) In the present work the 
prosthetic group of cytochrome b has been identified 
as protohaem no 9 and the prosthetic group of 
cytochrome a, although it has not been identified 
with any structure of established constitution, has 
been mvestigated m some detad 

EXPERIMENTAL 

Measurtmeni of absorption spectra The wave lengths of 
absorption manma were measured with a Beck Hnrtndge 
reversion Bpectrometer Inthe case ofmtaot cell suspensions, 
additional measurements were made by means of a Zeiss 
microscope eyepiece spectrometer 

* Permanent address Department of Biochemistry, 
Umversity of Melbourne, Austraha 


Tor the measurement of optical densities n Beckman 
photocIccUic spectrophotometer was used IVhen dealing 
with solutions of pvndtno hacmochromogens, it was 
necesanrj to lake the follovnng precautions pio 1 cm glass 
coll was filled eompletcii luth solution Md the lid fitted 
without the introduction of air bubbles The solid 
used as reducing agent was dissolved by rototmg flic ceU 
On account of the v anabditj of different batches 
the minimum amount required to effect complete redncUon 

wasfoundby tnal In order to prevent turbidity appreciable 

excess of NajSiO, was avoided Measurements ^ wa 
lengths shorter than 400 mp ncrc not acourato as Na.bjU, 

shows significant absorption m this repon „tv,„i,nn 

Detem.nut.oa of iron in haems The ^ 
method of Drabkin (1941) was found to bo satisfactory, but 
It was necessary to use twice the amount of 
prtsenbed by him With that 
optical densities at 610 mp (Beckman 
a straight hnc relationship was found to obUmfor solutions 

containing 0-100 pg Fo/25 nd dinhihenae 

Cuttiralion of organisms Two strains of C diphlhenae 
were used (a) Park AVilhams no 8, aubstr^ 

(b) n variant of (a) supphed by Air L B Holt 

Fleming Institute of Jlicrobiology, Lon^n, 

were giiwn on the cosem hydrolysate ««Bum d^mhed^y 

Holt (1948), the Fe concentration bemg edh r 

neeessary for optimum toxin production 

10 times that amount In one instance a large batch (180 h) 

washed 3 times with saline before further treatment 

results 

Spectroscopic investigation of intact C 

cells grown at Fe level optimal for toxin pro 

duction 

Aerated, thick suspensions of ’de'^te 

phosphate buffer (pH 7 6) showed no de^ 
Lotion bands Reduction with a a“°^J 

of N^S,0« revealed bands at about 600, 666 
and %2mp, the first and last bands bei^ of 
low mtensity (figures given in itahcs m^cate re- 
latively weak absorption) The addition of p^dine 
tn cuve 26 % (v/v) final concentration, brought 

S,oS7ildrWp<».»o» to 651 

S27 mu 

16 2 
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Cells 

Wasli with saline, extract 
with ethanol 


± 


Extract 


Residue 

Extract with aqueous 
acetone (80% v/v) 



Residue 

Extract with mixture 
of acetone and dilute 

HCl (4 vol acetone 

1 vol 1 6 ^ HQ) 

1 


Extract 

Residue 


Extract 

Add ether and dilute 
HCl, shake 

1 



Ether phase 

Wash with 0 6 h HCl, 
then with 3 % (w/v) NaCl, 
shake with 0 1 k KOH 

j 


Aqueous phase 

Ether phase 


Aqueous phase 

Neutralize with dilute 

HCl, warm to 40° and 
pass m CO, to remove 
ether, allow to stand 
at 4° 

1 



Crude haem residue 


Supernatant fluid 


Fig 1 Separation of mtracellnlar haems from C diphthenae 


Crude haem readne 

Dissolve m pyndme (1 vol ), 
dilute with 0 22ii HCl (2 3 vol ), 
shake with ether (3 vol ) 


Aqueous phase 

Remove traces of dichroic 
haemm by s hakin g with 
ether 


Ether phase 

Remove last traces of other 
haemm hy shaking with 
pyndme HCl 


Aqueous phase 
Add dilute HCl shake with 
ether 


Ether ^ase Aqueous phase 


Ether phase 

Wash with dilute HCl, then 
with NaCl, evaporate off 
ether , dissolve m glacial acetic 
acid, add NaCl, then heat on 
water hath to obtam crystal 
tme protohaemm 


Repeat above process to 
recover small amounts of 
pigments 


Ether phase 

Wash with 2 n HCl, then 
with 4 % NaCl, shake with 
adsorbent 


Aqueous phase 


Ether phase Adsorbed pigment 

Lapids, etc Elute with orgamc solvent 


Elnt^ adsorbent 


Eluate 

Contams dichroio 
haem 


Fig 2 Separation of two mam haems from crude haem residues of C diphtheriae 


Cells grown at higher iron levels inhibitory to 
toxin production 

In respect of spectral pattern these cells were 
Eimilar to those at a lower Fe level but the band 


intensities were at least five tunes as great This 
enabled us to measure accurately the band positions 
which were (m mp ) reduced cell suspension, 600, 
668 664 (maximum at 663) , reduced cell suspen 

sion, aerated (famt shading), 660 660, reduced 
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PLATE 2 



(a) Ciyatallino protobaomm from C dtplilhcriac colls x 100 



(b) Pyndine haemochromogen crystals from (c) Pyridine protohaemochromogen crystals 

protohaemm of C diphthcnae cells x 100 x 100 
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cell Buspension and addition of pjTidino, 599 582 

(maxunum at 590), 604 549 (maxainum at 56G), 

622 (diffuse) 

Tina result indicated the presence of tn o principal 
intracellular haem components and ’i\o concluded 
that there was on moreose m cytocliromos b and 
a complex m cells gron-n at lugher iron concentra- 
tions (cf Pappenheimer, 1947 a, 6,Pappenliouner&. 
Hendee, 1947) 

Extraction and separation of intracellular haems 
from Corjmebactenum diphthenao 

As attempts to extract the mtact haemprotoina 
were not successful, it was decided to extract tho 
haem prosthetic groups bj means of acid acetone 
The flow sheet (Fig 1) illustrates the process 
used 

Tests on the extracts confirmed the presence of 
haems exlubitmg haemochromogen bands at 687, 
666 and 522 m /1 The process outlmed m Fig 2 gave 
clean separation if attention was paid to the number 
of washmgs given to each phase The removal of 
final traces of unwanted pigments vos checked, 
after each washing, by haemochromogen testa on 
small samples 

The dichroic haem was either adsorbed on char 
coal and eluted with pyndine, or it was adsorbed on 
alumina, m which case elution with warm glacial 
acetic acid was found to be more effectiv'e 

Table 1 The absorption spectra of protohaemin from 

cells of Corynebactenum diphthenoe compared 

with authentic protohaemin no 9 

(The two crystaUine haeccun samples were dissolved m 
acetone solution (0 3 n with respect to HCl), transferred mto 
ether, washed with 2 n HO and then with water before 
transfer mto 0 lx KOH. The mntnres were dfluted finaUy 
with 0 6 voL of pyndme ) 

Protohaemm 



t 

Authentic 

Solvent 

0 diphthenoe 

no 9 

(m/i) 

(m/i) 

Acetone H(31 

642 

042 


5S9* 

590 


646 

647 


605 

505 

Ether (H(31 washed) 

638 

638 


586 

586 


644 

644 

KOH (0 In) 

603 

603 

016 

616 

KOH (0 In) +Na4S,0, 

676 

676 

680 

680 

KOH (0 In) +NajS,0« 
+ pyndme 

643 

644 

650 

624 

566 

623 


4S7 

486 

* Figures m italics mdicate relatively weak absorption. 


Characteristics of the haem passing into 
the aqueous phase 

Tlio pigment from tho aqueous phase, obtamed m 
tho form of Toichmann crj^tals (PI 2a), gave with 
Takajama reagent crjstals (PI 26) identical with 
those of pyndme protohoemochromogen (PI 2c) 
Table 1 records a comparison between this haemm 
and authentic crj'stalhne protohaemm no 9 

Tho quantitative spectral absorption curve (based 
on iron content. Fig 3 ) further illustrates the identity 
of tho haemm vnth protohaemm The iron content 
of tho crj'stallmo product was 90% of that of 
protohaemm prepared from ox blood and after 
reerj’stallizatiou this value mcreased to 97 % 



Fig 3 Absorption spectrum of pyndine protohaemo- 
chromogen from C dtphthenae 

Removal of iron The SnCk-HCl method (Harnsik, 
1931) was smtable for acetone solutions of the 
pigment, but for general purposes the ferrous 
acetate method of Warburg & Negelem (1932) was 
preferred In Table 2 a comparison is made between 

Table 2 The absorption spectra of protoporphyrin 
derived from protohaemin of Cdrynebactenum 
diphthenaeceWfi ►Jmpared with pure protoporphyrin 
no 9 

Frotoporphyrm 

^ 

0 diphthenoe Pure no 9 


Solvent (m/i ) (m/i.) 

Fther 032 632 

680 678 

637 637 

605 605 

HCl{5g HCl/lOOmL) 601 600 

' 680 679 

666 666 

CHClj (from acidio solution) 605 604 

5S5* SSi 

659 669 


• Figures m italics mdicate relatively weak absorption 
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the porphyrm obtained and authentic protopor- 
phyrin no 9 

Conversion of the liasmin to mcsoporphynn The 
hydnodic acid method of Fischer & K6gl (1924) was 
used. The mesoporphyrm -was estenfied -with 
methanol saturated with hydrogen chloride, the 
ester purified m the usual way and cryetaUized four 
tunes from chloroform-methanol A sample of proto 
haemm no 9 was treated smnlarly The mesopor 
phyrm methyl ester crystals obtamed were identical 
m form and gave sumlar meltmg pomts (207° 
uncorr ) Spectrometnc comparisons are given for 
the free porphyrins and methyl esters m Table 3 

Table 3 The absorption spectra of mcsoporphynn 
derived from protohaemin of Corynebactenum 
diphthenae cells compared with authentic mesopor- 
phynnno 9 Mesoporphyrm 

r ^ \ 

C diphthenae Authentic no 9 


Solvent (nip-) (niM.) 

Ether 623 623 

698 699 

678 680 

668 668 

627 627 

497 496 

HCl (25 g HCl/lOO ml ) 694 693 

573* 574 

660 650 

CHCljt (from acidic solution) 696 695 

676 576 

661 652 

— 527 

496 490 

CHCljt (washed with 620 620 

NHjSoln., 12% diln of 595 695 

cone ) 676 676 

667 667 

632 632 

600 600 


* Figures m itahcs mdioate relatively weak absorption, 
t Altei conversion into dimethyl ester 

Characteristics of the haem from the ether phase 

Solutions of this pigment were dicliroic, con- 
centrated solutions being red, while dilute solutions 
were yellow green The pyndme haemochromogen 
test on this haem showed a strong band at 587, 
a weak band at 663 and a very famt band at 626 mp 
(see Fig 4) This mdicated that the pigment con 
tamed more than one component The 663 and 
626 mp bands were observed to mcrease m mtensity 
relative to the 587 mp band when solutions of this 
fraction were left standmg The absorption curve 
was therefore assumed to be the resultant of a mam 
component with absorption maximum at 687 mp , 
and a product derived from it with bands at 663, 
526 and about 418 mp The addition of cysteme 
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hydrochloride to a solution of the p 3 indme haemo- 
chromogen mixture caused the slow disappearance 
of the 687 mp band and a simultaneous appearance 
of extra bands close to the 663 and 626 mp bands 

Removal of iron The method of Warburg & 
Negelem (1932) was used to remove the iron from 
this fraction and an inspection with the reversion 
spectrometer clearly revealed the presence of two 
sets of porphyrm bands These were (pyndme 
solution) I (a) 646, (6) 627, n, 593 681, m (a) 669, 

(b) 641 , IV, 606 mp Order of mtensity HI (a), II, 
rV, I (a), I (6), III (6) A partial separation of the 
two components was achieved by extraction from 
ether solutions by means of hydrochlonc acid 
solutions of different concentration Neither por- 
phyrm was readily extractable by solvents less 
acidic than 3 n HCl 

Comparison of thee, componentfrom Corynebactenum 
diphthenae cells with that from heart muscle 

At this stage it was decided to reconsider the value 
of further mvestigations on the pigments m this 
ether fraction Although partial separation of the 
two porphyrins was possible by differential acid 
extraction, the extra mampulations mvolved and 
the difficulties expenenced m ehmmatmg reactive 
substances earned over from the ongmal extracts 
led us to attack the problem m a different manner 
The justification for this decision will be discussed 
below, but for the sake of contmmty a bnef comment 
IS needed The pigment responsible for the 687 
and 430 mp pyndme haemochromogen bands was 
assumed to be denved from the cytochrome a com- 
plex It was therefore considered worth while to 
mvestigate another tissue (ox-heart muscle) known 
to be nch m this component 

Modifications of extraction and separation processes used in 
isolating the dichroic haem nfrom heart muscle Ox hearts 
were minced after fieemg them from fatty and hgamentous 
tissue and then given either a prehmmaiy dehydration with 
ethanol or extracted direotly with acetone Either anhydrous 
or 80% (v/v) aqueous acetone was equally satisfactory 
A meohamcal press was used to remove flmd, and extractions 
were contmueduntdyellowpigmenta were no longer apparent 
(normally three extractions) The mtracellnlar haems were 
extracted as before, care bemg taken to compensate for acid 
bound to tissue material durmg the first extraction We have 
used BuocesBftiUy for first extractions mixtures with final 
concentrations 0 3x with respect to HCl and rangmg from 
80 to 98% aqueous acetone With subsequent extraotioiis 
less HCl was required to mamtam acidic conditions m the 
extraction flmd The greater part of the haem pigments was 
extracted rapidly, prolonged treatment hemg necessary to 
recover further significant amounts Extractions were made 
at 4° to minimize the risks of decomposition 

From extracts contammg httle water and HCl, the pig 
ments were precipitated by addition of saturated sodium 
acetate solution The crude haem residue obtamed by 
washing the precipitate with acetone and then ddute acetic 
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acid Tnis now ready for solution m pvndino and isolation 
This technique was most useful m removing lipid matter 
K the evtracts would not jucld precipitated haem, bj such 
direct treatment, the pigments were transferred mto ether 
by the process outlined m Fig 2, transfer into dduto nllvnli 
being found unnecessary 

The aqueous pyndino phase contained at least ono otlier 
haem compound in addition to protohacm, as hacmochro 
mogen tests showed two additional bands at u n\ o lengths 
sbghtly lower than the a and bands of protohacmochro 
mogen The dichroio haem was adsorbed bj passing tho 
washed ether phase through a column of nlumina after which 
the alumma was washed well with fresh other By stirring 
the dry residue with warm glacial acctio acid (50-00°) tho 
haem was elnted to give a dark brown solution In this 
condition the pigment remained stable oven after long 
standmg at room temperature 

GharactcrisHcs of haem a isolated from ox heart 
musde The results of spectroscopic investigations 
of this haem are summarized m Table 4 

Pyridine haemoehromogen a The quantitative 
absorption curve illustrated m Fig 4 was obtnmed 
by dissolvmg a sample of the dichroic haem, con 
taimng 34 9 pg Fe m 0 25 ml -pyudme (A R ) and 
12 6 ml OlNNaOH and addmg Na^SiO^ Tina 
solution was diluted to 26 ml with distilled water 
and measurements were made with a Beckman 
spectrophotometer For wave lengths below 474 m;i , 
2 0 ml stock solution was diluted to 7 0 ml with 
control solution (25% pyndme, 0 06 n NaOH) and 
m this way masamum density values abov o 0 7 w ere 
avoided This solution shows only a smgle band at 
687, but when left standmg for several hours m tlie 
presence of cysteme, was found to tmdergo change 
m the same way as the haem obtamed from 0 dtph- 
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thcriac colls did Tlio 687 mp hand faded and was 
replaced by t\\ o hands at 653 and 626 m/x 



Fig 4 Absorption speotm of p^Tidino haomoohromogona 

Heart haemochromogon a , C dtpfilhertae haemo 

chromogen a - Solvent, 3 11 m pyndme in 0 05 K 
NaOH 

Removal of iron The method of Warburg & 
Negelom (1932) was used for the preparation of the 
porplijunn In Table 6 ore presented the absorption 
maxima and orders of mtensities of the pigment m 
various solvents Neutral orgamc solutions were 
coloured reddish when the porphyrm concentration 
was lugli and yellowish green m dilute solution 
The porphyrm was insoluble m hght petroleum 
(bp 40-60°) 

From the data presented it was concluded that 
haem a isolated from ox heart muscle was identical 
with that from 0 dtphthenao cells, but, fortunately, 
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Table 4 Absorption spectra of haem a derivatives 





Absorption bands 


Componnd 

Haem a 

Haem a 

CO haem a 

Pyndme haemoehromogen n 

Solution 

HOH (0 17 N) 
Alkah+Na^,0, 

Alkah + Nn,Si 04 + CO 

Alkah + pynine + Na,S jOj 

f 

1 

(mp) 

636 

678 

691 

687 

n Soret 

{mp ) (mp.) 

677 — 

631 — 

642 — 

— 430 

Order of 
intensity 

i,n 

I, n 

i,n 



Table 6 

Absorption bands of ox 

heart dichroio porphyrin a’ 

Solvent 

CHCl, 

Benrene 

Glacial acotio acid 
Ether 

Pyndme 

Pyndme ether 

HCl (10 g /lOO ml ) 
KOH (0 Is) 

I 

(mp) 

648 

647 

641 

642 

648 

647 

618 

582 

H 

(mp) 

600 

691 

691 

687 

589 

689 

663 

605 

m 

(mp.) 

661 

601 

600 

660 

650 

668 

610 

IV 
(mp ) 

620 

619 

620 

616 

627 

617 

EA,t 

(my.) 

460 

461 
454 
439 
444 
466 

447 


t End^bse^^™^^ with the Beck Hartndge Bpectrometer 


Order of mtenaity 
m, n, IV, I 

mii,rv, I 
in, n, IV, I 
HI, n, IV, I 
ni, n, IV, I 

m, n, rv, I 

n, i 

n, in, i, 
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the former con tamed none of the secondary product 
seen m the material isolated from the micro 
orgaaoisroB 

Experiments to confirm the suitability of 
isolation procedures 

In order to test the possibihty that the dichroio pigment 
might have been an artifact derived from protohaem, 
similar processes of extraction and separation were per 
formed on aqueous acetone solutions (acid, neutral and 
alkaline) of pur© protobaemm After these solutions had 
been allowed to stand for 2 days at room temperature, with 
frequent shaking m air, no haem component was detected 
with oharactenstics similar to the above dichroio pigment 
Whole ox blood, when subjected to the processes, did not 
yield any pigment with preference for the ether phase 

Further experiments with haem a 

The more readily obtamable product from ox heart muscle 
was used m these mvestigations 

Effect of carbon monoxide on haem a On bubbtmg CO 
through an alkahne solution of haem a reduced with 
NajSjO*, there was an immediate shift of the absorption 
spectrum to give bands at 691 and 641 6 mjx. 

Effect of hydroxylamine on haem a A solution of Na^COj 
was added to a pyndme solution of the haem to give a 
20% (v/v) final concentration of pyndme The addition of 
a few crystals of hydroxylamme hydro ohlonde followed 
a few minutes later by the addition of NajS-O^ resulted m 
the appearance of a haemochromogen spectrum with 
rna-nma at 670 and 633 mp (of. haemochromogen spectrum 
of ongmal haem 687 m/i.) 

Further experiments on the porphyrin 
obtained from haem a 

Effect of cysteine on porphyrin a The addition of oysteme 
hydrochlonde to a warm pyndme solution of the porphynn, 
containing anhydrous NujCO j , resulted m a shift of band 
positions to I, 634, n, 678, m, 646, IV, 608 my. (order of 
mtensity HI, IV, II, I) 

Effect of hydroxylamine on porphynn a The porphynn was 
dissolved m pyndme and anhydrous NajCOj added The 
addition of a few mg of hydroxylamme hydrochlonde was 
followed by an immediate shift of band positions, even at 
room temperature, and after this change no further shift 
was observed by heatmg at 100° for 1 hr The mixture was 
diluted with water and shaken with ether The pigmented 
ether phase was washed weU with 1 % (w/v) HCl and finally 
with water to remove traces of acid The spectrum m washed 
ether was I, 639, H, 682, HI, 647, IV, 609 mp End 
absorption (E^ ) 444 m/i (order of mtensity HI, IV, II, 
I) The addition of an equal volume of pyndme gave the 
following bands I, 637 , H, 682 , 111, 649 , TV , 609 mp 

In Fig 6 this oxime reaction at 16° is demonstrated by 
measurements made m the Beckman spectrophotometer 
The solutions used to obtam the curves were identical except 
for the addition to one of a small amount of hydroxylamme 
hydrochlonde 

Copper complexes of porphynn a The copper complex was 
formed by addmg a small amount of cupno acetate to 
a solution of the free porphynn m glacial acetic acid and 
heatmg m a boilmg water bath for 6 imn The absence of red 
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fluorescence under ultraviolet radiation mdicated completion 
of the reaction In Table 6 are shown the positions of 
absorption band maxima m vanous solvents 



Wave length (m/i ) 

Fig 6 Absorption spectra of heart porphynn a denva 

tives Heart porphynn o , heart porphynn a 

onme - - Solvent pyndme 


Table 6 Absorption bands of copper complex 
of heart dichroic porphynn a 



I 

H 

m 

Order of 

Solvent 

(mp.) 

(mp) 

(mp) 

intensity 

Glacial acetic acid 

697 

662 



i,n 

Pyndme 

699 

663 

— 

LH 

Ether 

694 

648 

525 

i,n,ni 

Pyndme ether 

697 

662 

630 

UHin 


The addition of hydroxylamme hydroohlonde to a 
pyndme solution of the copper complex contaimng anhy 
drous NbjCOj brought about a shift of band positions withm 
a few mmutes at room temperature, to 1, 687, II, 642, 
TTT, 504 mp E A, 442 mp. (order of mtensity I, II, HI) 
Esterification of porphynn a The porphynn o was allowed 
to stand 2 days at 4° m methanol saturated with HCl, 
absorption handsl,606, II,663mp,(orderofmtenBity HI) 
The pigment was taken mto OHClj after dilution with water 
The CHClj solution was extracted 4 times with 2 n NH^OH, 
3 times with 10% (w/v) NaCl and then run through 
a dry filter paper After evaporation to dryness and solution 
of the residue m pyndme ether solution, bands were observed 
at 648, 6Z0, 689," 560, 610mp. The presence of the band 
at 630 mp and the general appearance of the band pattern 
indicated that a small amount of the pigment had undergone 
change After extraction ofthis solution with 10% (w/v) HCl 
to remove pyndme and traces of modified porphynn the 
absorption bands were measured agam after washing with 
water and dilution with an equal volume of pyndme (646, 
689, 668, 616 mp.) of Table 4 The treatment of porphynn 
a (dissolved m ether) with diazomethane did not appear to 
produce any modified pigment and so was considered pre 
ferable to the method descnbed above for esterification 

DISCUSSION 

The spectrometnc tests made on intact cell suspen 
sions of G diphthenae demonstrate the effect of iron 
concentration upon cytochrome content The famt 
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absorption bands seen m ivasbed cells growTi at the version of the pigment mto pjondme haemocliro 
lower iron levels agreed m wave length wth the mogen oi protoporphyrm, gave values eqmvalent 
three mam bands of cells grown at higher levels It to 1 0-1 1 mg protohaem/l of culture As the 
IS concluded that, although the mam types of haem 687 mg p 3 Tidmo haemocliromogen band of com- 
constituents bound witlun the cells are mdependent ponent o (see p 264) is Imown to possess a similar 
of iron concentration, the quantity produced is extinction value to protohaomocliromogen, its low 
decreased by low concentrations of iron and such intensity compared -auth that of the 667 mg absorp 
inhibition is associated with an mcreased excretion tion band of the latter component m mtact cells 
of coproporphyrm III A fi\ e to ten fold mcreaso must moan that it represents a small fraction of the 
of mtraceUuIar haem components seems to take total mtracellular haems 

place when cells are grown at iron le\ els sufficient The dichroio pigment m the ether phase (from 
to reduce tosm and coproporphyrm production m C diphthenac colls) was composed of two haems 
the medium from optimal to insignificant amounts The followmg facts pomt to derivation from one 
The absorption patterns and mean positions of original component both haems showed preference 
wave lengths of maxima seen m reduced cell for the other phase, the porphyrms derived from 
suspensions demonstrated the presence of cyto them both possessed lugh acid numbers, and on 
chrome components The mtense band at 602 mg standmg in solution the component with haemo 
and the band of lower mtensity at 531 mg resemble chromogen bands at 663 and 626 mg mcreased at 
the a and ^ bands of cytoclirome b except that they the expense of the predommant 687 mg component 
are shifted to values sbghtlj' lower than the b bands The reactions with hydroxylamme and oysteme also 
of some other tissues Other imcro organisms show supported tins conclusion 

s imil arly low values Small differences m bond As the mterpretations of data were comphcated 
positions measured hy direct nsion spectroscopy', by the presence of a product derived from the 
may not always be significant, and confirmatory' ongmal haem it was decided that further studies to 
specific functional tests are needed before they are ascertam the constitution of the pigment might be 
attributed to new components facditated by preparation of material from a more 

The absence of cytochrome c was apparent by convement source than G dipJuhenae cells The 

e x a m ination of the 662 mg band The general haem a from ox heart muscle possessed speotro 

appearance of this band with its edges at 608 and scopic characteristics s imi lar to those of the haem 

664 mg makes it difficult to assume any contnbuti on from C dtphtheriae cells and (presumably due to 
from the 660 mg a band of cytochrome c This was smaller amounts of reactive impunties) was far 
further confirmed by comparison of C diphthcnae more stable during its separation, and was therefore 
cells with other micro organisms known to possess the matenal of choice Lipid matenal accompanied 
cytochrome c The absorption band at 600 mg the haem so closely durmg extraction that the 
mdicates the presence of the cytochrome a complex possibdity that some of it is an mtegral constituent 
xpenments similar to those used m general cyto cannot be excluded (cf chlorophylls a and b) 

cmome studies allowed us to confirm the presence In experiments with heart muscle our primary 

0 c^ochrome oxidase (Pappenheuner, 19476) aim was to study the dichroio haem o One pigment 

1 absorption bands to shorter wave with haemochromogen a and ^ bands at wave lengths 

engths on the addition of pyndme to reduced cell shghtly shorter than protohaemochromogen was 

suspension results from a displacement, by this found m small amounts m the aqueous acid acetone 

° normal protem moieties of the cyto phase after extraction with ether Further work ism 
c ® 687 mg band represents the pyndme progress to establish the nature and significance of 

tb complex of the a component and this pigment Although cytochrome c is not dis 

e an at 667 and 626 mg that of the prosthetic sociated by treatment with acetone and hydrochlonc 
^oup ot cytochrome 6 The positions of the latter acid it IS not impossible that some pigment is 
nrotob'^'^'^^^'i^ ^ bands of pyndme dissolved The great affimty of the c component for 

Tnntm Pyndme coprohaemochro aqueous phases could then explam the presence of 

not, + u j 618 mg , and as a haem denvative m the acid acetone layer 

iron com 1° r ^8^ iron ’ cells the Although it had been concluded that the pigment 

It was c<m^r o coproporphyrm lU must be absent responsible for the 687 and 430 mg absorption 
two cvtocluo^ above tests that at least bands, m pyndme extracts of O dtphthenae cells and 

6) with present (viz oaud ox heartmuscle,wastheprostheticgroupofthecyto- 

tion of the m Prosthetic groups The identifica chrome a component it was necessary to prove that 

confirmed bv^^aU protohaem no 9 is this haem had not arisen as a degradation product of 

isolated from th nrystalhne product protohaem Attempts to produce degradation pro 

measurements on^ ^fincoi^ phase Quantitative ducts of protohaem under the conditions apphcable 
aci ace ne extracts, after con dunng extraction procedures faded (cf Negelem, 



264 


W A EAWLINSON AND J H HALE 


1932a, 6, Negelem, 1933, Roche & Benevent, 1936) 
The claun -waa made m the paper last mentioned that 
another derivative, obtamed from heart muscle by 
a different process and possessmg pyndme haemo 
chromogen bands at 687, approx 664, 630 and 
426 m.[i , was, m fact, the true haem a from cyto 
chrome a An inspection of the absorption curve of 
this pigment, however, leads us to suggest that the 
product of Roche & Benevent (1936) was a mixture 
composed of one component with a band at 687 rxifi 
and another component with bands at approx 654 
and 630 m/x , similar to the haemochromogen of the 
pigment found to accompany haem a m prepara- 
tions from G dtphtlienae cells For reasons stated 
earher we consider this material (maxima 663, 
626 mfi ) to have been derived from the haem a by 
combmation with substances accompanymg tbe 
latter durmg extraction (compare the action of 
cysteme on haem o) Tlie stabihty of our haem 
a to acid offers another distmct contrast with the 
product described by these workers The ‘krj^to- 
porphyrm’ obtamed by the transformation of proto- 
porphyrm (Negelem, 19326) possessed a lower acid 
number than the dichroic pigment isolated by us 
from G diphthenae cells and heart muscle 

The a band position of the carbon monoxide 
haem a complex (691 mp ) is reminiscent of the 
position of one band of the hght sensitive carbon 
monoxide compound of Warburg’s respiratory 
enzyme (cytochrome oxidase of Keihn) At the 
present tune it is considered that cytochrome a and 
cytochrome oxidase are related at least m the nature 
of their prosthetic groups 

The quantitative absorption curve of pyndme 
haemochromogen a (Fig 4) shows that it differs 
considerably from the normal type of haemochro- 
mogen In general, a and ^ bands are observed m the 
visible region of the spectrum, and even m the case 
of chlorocruorm haemocliromogen we find, m 
addition to an a band at 583 mp , a second, weaker 
band at 542 vap The extmction coefficients of the 
band maxima at 687 and 430 m^ of haemochro 
mogen a approach those of the majority of haemo 
chromogens, but the greater width of the former 
band makes it difficult to appreciate m direct vision 
spectroscopy that such is the fact 

The effect of cysteme on the pyndme haemochro 
mogen a is similar to that reported for many haem 
derivatives (Fischer & Mittermair, 1941) Fischer & 
!Mittermair concluded from experiments with de 
nvatives of chlorophyll 6 that the shift was due to 
the presence of a reactive aldehyde group which 
with cysteme gave compounds of the mercaptal 
acetal type The experiments we have reported with 
hydroxylamme and cysteme on both haem a and 
its porphyrm therefore mdicate the presence of 
a carbonyl group m our material There is the 
possibihty that the carbonyl groups are ketomc, but 
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the rapidity of the addition reactions suggests that 
labile aldehyde groups are mvolved 

The reaction of haem a with hydroxylamme 
results m the formation of an oxime, the pjmchne 
haemochromogen bands of which sire situated at 
670 and 633 vap In the case of chlorocruorm haemo 
chromogen (1 3 6 8 tetramethyl-2 formyl 4-vmyl 
porplun 6 7 dipropiomc acid iron complex), o xim e 
formation shifts its 683 mp band to 667 rap , 
1 e identical with the haemochromogen of protopor- 
phyrm no 9, and, on this fact, it is assumed that the 
— CH = NOH group exerts an effect similar to that 
of a — CH = CH 2 group (compare the haemochro- 
mogens of mesoporphyrm and protoporphyrm) The 
sluft of band position shown by haemochromogen 
o on conversion to oxime is 17 rap , a value which is 
similar to the shift (16 6 mp ) shown by formyl- 
pyrroporphyrm no 16, but much lower than m the 
case of chlorocruorm haemochromogen (26 mp) 
This comparison mdicates that haemm a must 
possess structural groups (other than such active 
carbonyl groups) either different m type or m theu 
arrangement around the nucleus from those found 
m protohaemm or chlorooruorohaemtn 

The method used for preparmg porphyrm a 
appeared to mvolve no significant modification of 
sutetituent groups, as the re mtroduction of iron 
produced the same t37pe of haemochromogen 
spectrum as that of the ongmal substance We could 
not find any evidence that the reaction with hydroxyl- 
amme proceeds m two stages, and so it must be 
assumed that m porphyrm a there is only one labile 
aldehyde group/mol of pigment The curves of Fig 6 
illustrate the differences between the oxune and 
ongmal porphyrm o All bands are shifted towards 
the blue, bands I and IH remam unchanged m 
extmction values, but bands II and IV reverse their 
relative mtensities The oxune shows the band 
relationships (III, IV, H, I) characteristic of the 
‘rhodo tyxie’ of porphyrm 

SUIVIMARY 

1 The cells of Gorynebactenum diphthenae, when 
grown at iron levels sufficient to inhibit the excre 
tion of toxm and coproporphyrm, showed a five to 
ten fold mcrease of haem components over the level 
present when toxm and porphyrm excretion are 
maximal The presence of cytochrome oxidase (cyto- 
chrome o complex) and cytochrome 6 were confirmed 
spectroscopically 

2 Methods for the separation of the two mam 
haem prosthetic groups are described CrystaUme 
protohaemm, which is assumed to be derived at 
least m part from cytochrome 6, and a dichroic 
haem, presumably from the cytochrome o complex, 
were obtamed 

3 The dichroic haem was identified with the 
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haem of cytochrome a of o^-heart muscle and 
further studies on its characteristics were made on 
material from this more accessible source 

4 The general properties of this haem and its 
reactions with pinridme, cysteme, carbon mono-ade 
and hydroxylamme were mvestigated 

6 The free porphyxm, like the haem from 
cytochrome a, reacted with cysteme and hydroxyl 
amme 

6 The results of the tests described mdicato 
that this haem possesses at least one aldehyde 
group 
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The Oxidation of Manganese by Plant Extracts in the 
Presence of Hydrogen Peroxide 


By R H KENTEN aito P J G MANN 
Biocherruatry Department, Bothamsted Experimental Station, Harpenden, Herts 


[Beceived 28 January 1949) 


Manganese is known to be an essential nucronutnent 
of plants, although its function is unknown It 
^arently plays a part m plant respuation , Lunde- 
gardh (1939) found that the oxygen uptake of 
manganese deficient wheat roots was raised by 
16^70 % by the addition of 6 x 10 -‘m manganese 
cMonde Such an effect might be brought about by 
the activation of certam enzyme systems, eg 
a^ase (Waldschmidt Leitz & Purr, 1931), phoa 
phoglucomutaae (Con, Colowick & Con, 1938), 
leucylpeptidase (Berger A Johnson, 1939) or by a 
undergoes alternate oxidation 
^reduction It has been shown that soil micro 
oi^^ismsc^ oxidize Mn^^ g Beijennck, 1913, 

f if'" satisfactory eindence has been 

plants and the present work was undertaken to 
im estigate whether such oxidation does take place 


MATERIALS AND METHODS 

Preparation of plant extracts The roots were scrubbed firee 
from soil and minced twice m a meat mincer The mmee was 
weighed and the jmee squeezed out by hand through mada 
poUam Water to one quarter of the ongmal weight of the 
mmee was added to the residue, which was then ground m 
a mortar with sand and squeezed through madapoUam This 
treatment was repeated twice The extracts were combmed 
and filtered through Whatman no 1 filter paper, and stored 
in a refrigerator Most of the work was done with horse 
radish (Cochleana armoracia), it was fonnd that extracts of 
this root showed httle loss of activity over a period of several 
weeks In view of the possibihty of contamination, however, 
fresh extracts were frequently made Extracts of other roots 
were made and nsed on the same day This method was 
originally adopted with horse radish as benzuhne HjO tests 
showed satisfactory extraction of peroxidase 

Catalase preparation The caps of the Basidiomycete, 
Marasmius arcades, were ground with sand, squeezed 
through madapoUam and centrifuged at 3500 rev / min 
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(1500 y ) for 0 5 hr The catalaae activity (Katalasef ahigkeit) 
of the Bupematant hquid, estimated by the method of 
Sumner & Somers (1943), was about 80 The catalase activity 
diminished rapidly and consequently the preparation was 
made and used on the same day 

Peroxidase, preparation The peroxidase preparation was 
made by the method of Keibn & Mann (1937) from horse 
radish After precipitation with (NH4)^04, followed by 
fractional precipitation with ethanol and further purification 
with tncalcium phosphate gel, a preparation of Purpuro 
gallmzahl (P Z ) 290 was ohtamed The P Z , i e mg pur 
purogalhn formed by 1 mg enzyme preparation m 5 min 
from pyrogollol and HjOj under fixed conditions, was 
determined by the method of Kedm A Mann (1937) 

Preparation of hydrated manganese dioxide The suspension 
of hydrated Mn02 was prepared by the method of Hemtze 
& Mann (1949), which is baaed upon the diamutation of 
mangampyrophosphate m alkalme solution The valency, 
as determmed from the Mn content of the preparation and 
its oxi dizing capacity towards oxaho acid, was 4 08 

Manomeinc measurements were earned out m the Warburg 
apparatus at 26° The volume of the reaction mixture was 
3 ml and KOH was present m the centre cup unless otherwise 
stated. 

EXPERIMENTAL AND RESULTS 
Colonmeinc evidence of manganese oxidation 

In preliimnary expemnexits with certain types of 
root extracts colour reactions were obtained which 
indicated the formation of mangamc complexes The 
addition of MnS 04 and HjOj to the extracts m the 
presence of citrate at pH 7 caused the development 
of a greenish yellow colour, while m pyrophosphate at 
this pH a pink colour was obtamed On acidification 
of the pyrophosphate solution the colour changed 
to a brighter pink, both the pink and greenish 
colours were rapidly discharged by the swidition of 
acid HjOj or hydrazme sulphate These reactions are 
typical of mangampyrophosphate and citrate com 
plexes The colour reactions were not given by 
extracts which had been heated for 6 mm m a 
boihng water bath, nor were they given m absence 
ofH20,orMn++ 

Reaction mixtures consistmg of 0-4 ml root extract, 

0 2mL OIMM 11SO4, 2 ml 0 1m citrate (pH 7) or 2 ml 
0 5m pyrophosphate (pH7) and 0 2 ml water were made up 
m test tubes and 0 2 ml 0 05m HjOj added The rate of 
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development and the mtensity of the pmk or greenish yellow 
colour was followed for a 16 mm period The strongest 
reactions were given by ertraets from horse radish (Coch 
learia armoracia) and turnip [Brassica campeslns L ), with 
whieh the colour developed withm a mmute of addmg H.O. 
Weaker reactions were given by extracts of carrot peel 
{Daiicus carota) and spmach beet {Beta vulgaris), dandehon 
{Taraxacum officinale) extracts were mactive DifiSculty was 
experienced ivith some extracts, e g potato which, owmg to 
the presence of strong dneot oxidase systems, rapidly became 
so dark ns to obscure any colour due to mangamc complex 
formation 

Isolation of manganese dioxide 

In neutral or acid pyrophosphate, MnOj dissolves 
on the addition of Mh 804 to give a pink mangam 
pyrophosphate complex (Hemtze & Mann, 1946, 
1949) At pH values ‘much above 8 ’ the complex 
dismutes mto hydrated MnOj and manganopyro 
phosphate (Lmgane & Karplus, 1946) 

Mn_Oj v* MnO +MhO. 

By makmg use of the dismutation m alkahne solution 
an attempt was made to prove that the colour 
formation with root extracts and H.Oj was due to 
the formation of manganic complexes 

To a reaction mixture contammg 465 ml 0 5 M pyrophos 
phate buffer (pH 7), 26 ml. horse radish extract and 20 ml 
O 5 MM 11 SO 4 , HjOjlSml, 0 05m) were added at 10mm 
mtervals, with stuxmg, untd the solution became a deep red 
and further addition of HjO. did not appear to mtensify the 
colour In all, 26 or 30 ml of 0 06m HjOj were added, 
20 mm after the last addition, 0 16 ml catalase preparation 
was added (No HjOj could be detected m the solution at this 
stage It was necessary, however, to add the catalase pre 
paration to control {B) and consequently the reaotionmixture 
was similarly treated.) After a further 20 mm the mixture 
was adjusted to pH 10 (glass electrode) by the addition of 
2 n NaOH During the addition of NaOH a brisk current of 
N, was blown through the solution to assist mixing and 
exclude atmospheno O5, thus preventmg autoxidation of the 
lemammg MnS04 due to local excess of alkah 

The mixture, which was now a dark brown, was allowed 
to stand for 3 hr to ensure complete dismutation and then 
centrifuged. The brown sediment was washed on the centri- 
fuge 4 times with 60 mb 0 2 M pyrophosphate (pH 9 8), 

3 times with 60 mL 0 2 M pyrophosphate (pH 7 0) and finally 
twice with 60 mh water, to remove Mn'*^ which is absorbed 
by hydrated MnO^ The sediment was ground thoroughly 


Table 1 Valency of manganese in oxidation product 

(Mn content was estimated colonmetncally, oxidizing capacity by manometne measurement of Oj output 0 6 ml 
suspension, 2 3 mL x H 5 SO 4 m mam vessel and 0 2 ml 0 6m HjOj m 0 In HjS 04 tipped from side arm.) 


Preparation 

no 

1 

o 


Total 

0-06m H,0, 
added m 
preparation 
(mL) 

26 

30 


Manganese 
(mg/mL of 
suspension) 


Oxygem 
Ifd Oj/ml of 
suspension) 


Valency 


0 776 304 3 92 

1 264 518 4 03 


* Calculated from Oxidizmg capacity 


Total MnOj* 
isolated 

(mg) 

29 6 
61 8 


Yield of MnO, 
based on total 
HjO, added (%) 
27 
40 
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m a mortar and made up m uater to 25 ml Portions ^ve^o 
taken for colonmetno dotcnninntion of manganese ond the 
o'odizmg capacity iras estimated manomctncallv mtli acid 
HjO. Two preparations were made the Tnleney of the 
manganese was found to be 3 92 m one case and 4 03 m the 
other (Table 1) 

Two control eiperuncnts were made, one in which no HjOj 
was added (^), and the other m which horse radish extract 
previously heated for 10 mm at 100° (D) , these mixtures 
were worked up smularly to the reaction mixture, except that 
no catalase was added to control {A) Immediately after the 
addition of catalase to {B), a sample was transferred to 
a Warburg vessel and the evolution of 0 was followed This 
was complete m 25 mm after which 0 2 ml 5InO suspension 
(2 6 mg MnOj/mL) was tipped from the side arm No further 
evolution of Oj took place showmg that the HjO, had been 
completely decomposed by the catalase After adjustment 
to pH 10 and standing for 3 hr the control (B) was j ellow 
brown and control (A) yellow, mdicatmg the presence of 
a small amount of colloidal JInO_ The colour was, however, 
less brown than the supernatant obtamed by centnfugmg 
the reaction mixture at this stage and no sediment was 
obtamed on centnfugmg 

It was clear from the experiments that the 
oxidation depended on the presence of HjOj and 
a thermolahile factor m the plant eictract 


Evidence for the oxidation of manganese based on 
the accumulation of manganipyrophoaphate 

It IS weU known that MnOj decomposes HjOj 
with evolution of Oj, m water the reaction is cata 
lytic, hut in acid solution reduction of MnOj may- 
take place and under suitable conditions of acidity 
(eg m 0 In HiSO^) the reewtion is stoicheiometric, 
MnO, +HjO, =MnO + 0, + H,0 

Expenmente were earned out to find out whether 
the decomposition of HjOj by mangampyrophos 
phate was catalytic or stoicheiometric imder the 
conditions used The behaviour of hydrated MnO, 
and MnSO, under the same conditions was also 
investigated 


hleeomposiltonof'Efi^by'iiaO^andmangampyrophogphaie 

^own amounts of MnO,, or mangauipyrophosphate and 
■U,U, were allowed to react and the output of 0. measured 
manometacaUy (Table 2) In water the H,o‘, was de 
composed catolyticaUy by MnO„ but m the other media the 
reactmn WM generally stoicheiometric In orthophosphate 
at pnv the decomposition was somewhat larner than 

thn decomposition m 
With mangampyrophosphate the reaction wae 
t Bpontaneous decomposition of H,0, 
no ” significantly affected by the present ol 


Conditions leading to the accumulation of mm 

™anganipyrophosphate ; 

nL ?wTar acc^ulat, 

formation Immg greater than its rate of redi 

lirhlvT oxidation of Mn++ ty ] 
radish root extract and H,0, m presence of 


phosphate an ev olntion of oxj'gen would be expected 
owmg to reduction of part or all of the mangampyro 
phosphate by the HjO, If there is no accumulation 
of mangumpywophosphate and no side reaction the 


Table 2 T/ic decomposition of H,Oj by MnO, 
and manganipyrophospliale 

(W ithMnO. tho reaction mixtures consistedof 106/ig MnO, 
(hydrated) ond 0 0033m HjO,, m 0 033m buffer at pH 7 or 
m water, mth or -without tho addition of horse radish extract 
(0 4 ml heated 10 mm at 100°) Thomangampyrophosphate 
was preformed by tho addition of 110 pg to 106 /ig 

hInO, m pyrophosphate at pH 7 The H,Oj was tipped from 
tho side arm except when horse radish extract was used when 
tho MnO, was tipped Control expenmonts were made with 
no /ig Theoretical 0, output for complete catalytic 

decomposition of HjO, 112 pi , m absence of catalysis, 
24 4 id ) 

^ ' Oxygen output (pi 0,) 


Horse 

radish 

extract 




Ortho 

Pyro 

heated 

Mangani 

Time 

Water 

phosphate phosphate at 100° 

pyro 

(mm ) 

(MnO.) 

(MnO ) 

(MnO,) 

(MnO,) 

phosphate 

10 

104 5 

23 0 

23 8 

26 3 

23 6 

20 

108 6 

23 0 

24 4 

26 0 

249 

00 

109 6 

29 7 

26 1 

29 0 

27 6 

120 

1110 

36 3 

28 4 

29 6 

30 3 



Control with 110 pg Mn"*^ 


120 

90 

12 0 

30 

30 

30 


-total O, evolved should be equivalent to the H,Oj 
mitiallypresent Ifmangampyrophosphateaccumn- 
lates the total oxygen output will be lower smee part 



Fig 1 The accumulation of mangampyrophosphate when 
horse radish extract is treated -with H,0, m the presence of 
added The reduction m 0, output at the higher 

levels of Jin'*”'' mdicates mangampyrophosphate accumn 
lation, theoretical O, output 112 pi 

of the H,0, IB used up m this accumulation These 
reactions can bo followed manometncally as sho-wn 
m Fig 1 
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In this erperunent the reaction mixtures consisted of 
0 4 ml horse radish extract m presence of 0 46 M pyrophos 
phate at pH 7 and 0 2 mL of 0 05 m HjO. tipped from the 
side arms, the added bemg varied fom 0 to 3 3 mg 
The alow evolution of Oj which occurred with the root 
extract alone was markedly mcreased on addition of Mn"*^ 
The initial output was more rapid with the higher amounts 
of Sln"'^, but the total output was greatest with the lowest 
amount of Mn'^ In absence of horse radish extract the out- 
put was negbgible These results confirm the view that two 
reactions are proceedmg, the oxidation of the added Jln'*^ 
by the root extract and HjO., and the reduction of the 
oxidation product by H,Oi with evolution of 0. That the 
lower total outputs with the higher concentrations of Mn'*"*' 
were due to the accumulation of mangampyrophosphate was 
supported by the fact that the most mtense pmk colour 
was m the flask with the highest concentration of Mn'*^ 

The system may catalyse the oxidation of man- 
ganese to the mangamc form or to MnOj In ortho- 
phosphate at pH 7 a stable mangamc complex 
cannot be formed and breakdown will occur mto 
IVInOj and MnO, the final product bemg ]Mn 02 If 
a stable mangamc complex can be formed, as in 
pyrophosphate, it will accumulate provided that the 
rate of formation is greater than that of reduction 
by the HjOj Increasmg the concentration of Mn"*"*' 
would therefore favour accumulation by acceleratmg 
the rate of oxidation The fact that Mn++ is much less 
soluble m orthophosphate (pH 7) than m pyrophos 
phate (pH 7) may partly explam why no accumula 
tion of MnOg has been observed in orthophosphate 

Assummg that the primary oxidation product of 
Mn'*"'' is MhOj, the foUowmg reactions may take 
place m the pyrophosphate reaction mixture 

(1) MnO-i-MnOa, 

(2) MnO, -f-HjO, ->■ MnO +Oj +H 3 O, 

(3) MnO -i-MnO, ->■ MiuO,, 

(4) MnjO, + H,0, 2MnO 0, -f- H,0 

If (2) IS more rapid than ( 1 ) MnO, cannot accumu- 
late, but under conditions where (3) is favoured at 
the expense of (2), 1 e at high Mn concentration, 
MnjOj will be formed, and will accumulate if (4) is 
slow m companson with (3) 

When hydrated MnO, was allowed to react with 
dilute H,0, m p 3 rrophosphate at pH 7, it was noticed 
that after the disappearance of the brovm MnO, the 
reaction mixture turned pmk, and m spite of the 
presence of excess HgO, this colour faded only slowly 
The mtensity of this pmk colour, which was pre 
sumably due to mangamp 5 rrophosphate, could be m 
creased if MnSO, was added together with the H,0, 
to the MnO, The formation of mangampyrophos- 
phate m the experiment with horse radish extracts 
may therefore be due to reaction (3), particularly 
when large additions of Mn'*"^ are made mitially 

Smce, as is shown below (Fig 2), reaction (2) is 
more rapid than (4), the conversion of MnO, to 
manganipyropliosphate favours the accumulation 
of Oxidized yin 


The reaction between hydrated MnO, and H.O, 
m pyrophosphate at pH 7 is very rapid, particularly 
at lugh HjO, concentration, and although that with 
mangampyrophosphate is slower it is difiScult to 
demonstrate this manometncaUy 

The conditions finally chosen as satisfactory were as 
follows 0 2G4mg MnO, (hydrated) in 0 16m pimipbospbate 
at pH 7 m one vessel, and 0 204 mg BlnO, (hydrated) pins 
0 1 ml 0 05 M MnSO, (to give mangampyrophosphate) m the 
other vessel KOH was omitted firom the centre cup and 
the volume of the reaction mixtures was 6 ml After cqm 
hbration, H,0. to give a concentration of 0 0006 m was 
tipped mto both vessels simultaneously by two operators, 
and the 0 , output was measured at 2 mm mtervals 



Tfme (min ) 


Fig 2 A companson ofthe velocity ofthe reactions between 
MnO, +H,0, andmangampyrophoBphate +H,0,, • — •, 
MnO, +H,0,, O — O, mangampyrophosphate + H.O, 

With MnO, most of the H,0, was decomposed m the first 
6 mm with a velocity 2 to 3 tunes that with mangampyro 
phosphate (Fig 2) After 1 hr the output was the same m 
both cases withm experimental error The companson is not 
stnctly between MnO, and mangampyrophosphate, smce 
mangampyrophosphate would be formed as the reaction 
between MnO, and H,0, proceeded This probably explains 
the slow output m the later stages where MnO, was used 
Furthermore, the hydrated MnO, was in the form of a 
suspension and the rate of the reaction would dejiend on the 
particle size, whereas the mangampyrophosphate was m 
solution 

Estimation of mangampyrophosphate by hydrazine 
It IS known that MnO, reacts quantitatively with 
hydrazine in the following way 

2 MnO, -i-NjH, -vN, +2MnO +2H,0 
Mangampyrophosphate also reacts with hydrazine 
giving a gas output shghtly lugher than that 
required by theory (Table 3), and can be estimated 
m this way Experiments m which the horse radish 
extract was allowed to react with H,0, m 0 67 m;- 
pyrophosphate and in the presence of varying 
concentrations of MnSO, were earned out mano 
metrically m an atmosphere of N, When the O, 
output ceased, hydrazme was tipped from the side 
arm, and a rapid evolution of gas, presumably N, , 
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occurred The output was greatest where the 
highest accumulation of mangamp jTophosphate was 
expected and was accompamed by discharge of the 
pink colour If the reactions m the first part of tlie 
experiment led only to the evolution of Oj and the 
accumulation of mangampyrophosphate, then the 
combmed Oj andN, gas outputs shouldbe equivalent 
to the HjO. added In experiments usmg 0 4 ml 
horse radish extract, the combmed gas outputs were 
considerably lower than this, but were only 6-10% 
lower when 0 1 ml extract was used (Table 4) The 
reduction m the amount of extract used led to 
a decrease m the accumulation of mangampyro 
phosphate The fact tliat the output of Nj was less 
than the theoretical suggests either that part of the 
H.Oj was lost m a side reaction, or that part of the 
MnOj or mangampyrophosphate formed was re 
duced by the extract Reduction of MnO, , and to 
a less extent of mangampyrophosphate, takes place 
when these compounds are mcubated with the horse 
radish extract (Table 3) 


The properties of the manganese oxidizing system 

It has been demonstrated m the previous expen 
ments that horse radish extracts in presence of HjOo 
can bring about the oxidation of Mn'*"'' To identify 
and estimate the oxidation product it was necessary 
to carry out the experiments under conditions m 
which a stable mangamc complex could accumulate, 
1 e m pjo-ophosphate at pH 7 and with a lugli con 
centration of Mn++ If the system is of physiological 
sigmficance, however, oxidation should take place 
at low concentration of Mn'*"'' The oxidation product 
does not accumulate under these conditions because 
it reacts with HoOj with evolution of O™ as rapidly 
as it 18 formed The oxidation can therefore be 
demonstrated manometncally 

The effect of small amounts of Jln"*^ on (he decomposition of 
HjOj by horse radish extract With most of the horse radish 
root extracts, but not with other root extracts, an mcreaae 
m the rate of decomposition of HjOj occurred on addition of 
verj small amounts of MnS0< The experiments were earned 


Table 3 Reaction of MnOj and mangampyrophosphate with hydrazine 
in presenee and absenec of horse radish extract 

(The MnOj content of a suspension of hydrated MnO, was determined by oxalate titration 0 4 ml portions 
(0 984 mg MnO,) were suspended m 0 67 ji pyrophosphate buffer m Warburg vessels The gas space was then filled with 
N, After eqnihbration 0 2 mL saturated aqueous N,H, HjSO, was tipped from the side arm, the gas output was measured 
Similar experiments were earned out with mangampyrophosphate formed by addmg 0 2 mL of 0 1 m MnSO, to the reaction 
mixtures Experiments were also made to determme the effect of additions of 0 4 ml horse radish extract on the 
estimation ) 


Method of estimation 

Reaction mixture 

Gas output 

(/J) 

MnO, 

(mg) 

Recovery 

(%) 

Oxalate titration 

MnO, 

0 984 


Acid H,0, (manometno) 

MnO, 

248 5 

0 965 

98 0 

N,H, (manometnc) 

hInO, 

128 0 

0 994 

1010 


MnO, tipped into extract +N,H, 

125 

0 972 

98 6 


5InO,+ extract menhated 30 mm 

116 0 

0 901 

91 6 


MnO, + extract mouhated 60 mm 

no 8 

0 861 

87 5 


Mangampyrophosphate 

133 5 

1 037 

106 0 


Jlangompyrophosphate + extract incubated 30 mm 

1310 

1 02 

103 5 


Mangampyrophosphate + extract mcubated 60 mm 

127 0 

0 987 

100 6 


Tabled Accumulation of mangampyrophosphate 

0 05 murturesconsisted of horse radish extract and MnSO, as below m 0 67 m pyrophosphate at pH 7, 0 2 ml 

aoueouB N output was measured When the 0, output stopped 0 2 mL saturated 

i * lO « was tipped from the second side arm and the N, output measured Gas space N, ) 


Extract A 


JlnSO, added (mg Mn) 

1) 0, output ) 

(3) 0 +N5 output (/jL) 

(4) Theory for 0, +N, output (, 



(0 4mL) 


(0 1ml) 

0 66 

1 65 

2 76 

1 65 

2 76 

66 2 

49 0 

49 6 

86 8 

79 3 

26 1 

436 

48 5 

26 7 

27 9 

91 3 

92 6 

98 0 

1115 

107 2 

116 0 

116 0 

116 0 

116 0 

116 0 


Extract B (0 2 mL) 


0 65 

1 375 

2 76 

5 60 

825 

76 2 

76 6 

710 

62 6 

653 

22 9 

30 2 

36 2 

418 

46 8 

99 1 

105 8 

107 2 

104 3 

100 3 

112 8 

112 8 

112 8 

112 8 

112 8 


i tp tamed by tippmg the H,0, into excess hydrated MnO, m x H^O, 
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out manometncally ■with 0 4 ml root extract m presence and 
absence of 0 033m ortho or pyro phosphate buffer, 0 2 ml 
of 0 05 M HjO; bemg tipped from the side arm after equihbra 
tion The results of a set of experiments m the absenee of 
buffer are given m Fig 3 In absenee of added Jln"^ a slow 
decomposition of occurred This'wasmgcnoralmcreased 
by the addition of 2 2 fig Jln''^^, and mcreased progressively 
■with mcreasmg amounts of In general, the expen 

ments 'were earned out m air, butsimilarresults were obtained 
when the gas space ■was filled ivith N., showmg that direct 
oxidases were not concerned in the reaction 



Fig 3 The effect ofaddedMn"'^ on the rate of decomposition 
of HjOj by horse radish extract 

In ortho and pyro phosphate at pH 7 the rate of decom 
position of HjOj by the extract ■was higher than m the un 
buffered extract (pH 4r-4 6), but a similar effect of Mn"*^ was 
found In orthophosphate at pH 7 ■with 11 pg Mn'*'^ added 
the output stopped m 80 mm , the total output was 70 pJ O, , 
about 63 % of that required for complete decomposition of 
the HaO, added (112 pi 0,) No residual H,Oj could be 
detected m the reaction mixture and some H,0, must there 
fore be lost m side reactions In orthophosphate at pH 5 the 
rate of decomposition of HjO j , both m presence and absence 
of added Mn'*^, was less than at pH 7 In general 0 4 ml of 
extract produced the effects described above, ■with smaller 
amounts the response to added Mn"*”^ was less, and usually 
■with 0 05 ml of extract httle or no morease m the rate of 
decomposition of HjOj ■was observed ■with additions of 
110 fig Some extracts gave httle response to addi 

tions of 11 pg Mn’*'*' even when 0 4 ml was used 

Control experiments (Table 3) showed that m aU the media 
used the decomposition of Hj'Oj m absence of extract was not 
appreciably affected by addition of Mn"^ and was not 
sufficiently great to affect the results ofthe aboveexpenments 
The rate of decomposition of H,Oj by the horse radish 
extract m different media ■with and ■without added Mn'*'*' 
was reduced by previous heatmg at 100° The effect of heat 
was somewhat variable and even after heatmg for 10 mm 
a shght activity remomed m some cases 

It has already been sho^wn that xvhen large amounts 
of bin are added to horse radish extract and HjOj 
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the manganese is oxidized and the oxidation product 
reacts xvith HjOs tvith evolution of Oj It is con 
Bidered therefore that the mcrease m rate of de 
composition of HjO. ■with small amounts of IMn'*"'' 
IS like^wise due to oxidation of manganese Since 
under the conditions of the experiments the reaction 
of IMnOj and mangampyrophosphate -with HjOj is 
stoicheiometnc (Table 2) it is obnous that if small 
amounts of Mn"^ cause a large mcrease m O2 evolu 
tion the must undergo a cycle of oxidation 

and reduction 

The effect of various metals on the decomposition of 
HjOj by horse-radish extract The effect of 
Co++, Cu++, Zn++, Ni++, Fe++ and Pe+++ on the 
decomposition of HjO. by the horse radish extract 
■was tested At the concentration used (22 pg /Sinl ) 
only Mn"*"^ produced an mcrease in the rate of 
decomposition 

Effect of variation in H.Oj concentration The effect 
of varymg the HjOn concentration on the decom- 
position of HjOj by horse radish extract -with 22 pg 
added Mn’*”*' m 0 033 m orthophosphate at pH 7 wets 
tested The S5istem was active over the range 
0 02-0 00083 m-HjO« With the higher concentrations 
an mlubitory effect was apparent m tune There was 
no reduction m the imtial velocity, even "with the 
lowest concentration 

Activation by an ether soluble factor The response 
of relatively maotive extracts, pre'viously mentioned 



Fig 4 The activation of horse radidi extract +Mn'*^ hy an 
ether soluble factor m the extract, • — 9 , extract, 

-i h, extract + 66pg Mn"'"*', e'ctract+ ether 

soluble factor + 65 pg x — x, extract ether 

soluble factor, □ — ether soluble factor + 66 pg 
© — O. 56 pg Mn''^ 

(p 260), was mcreased considerably by the addition 
of an ether extract of acidified active horse radish 
extract The extract used ■was made from a residue 
from a peroxidase preparation and had pre^vnously 
been saturated -with (ISIH4)jS04 and filtered, 200 ml 
was acidified to pH 3 with n H 2SO4 and shaken 
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3 tunes with 30 ml ether, the combmed ether 
extracts were taken to dryness at room temperature 
and the residue suspended m 6 ml water The eSect 
of 0 6 ml of this suspension on the rate of decom 
position of HjO, by horse radish extract wlncli gave 
httle response to 66 pg Mn^ was tested mO 033m- 
orthophosphate at pH 7 m the presence and absence 
of Mn"*^ (Fig 4) ‘Wide the ether soluble factor or 
Mn '*~*' alone caused httle or no mcrease m the activity 
of the extract, together they gave a marked mcrease 
Tlie ether soluble factor was imaffeoted by heatmg 
for 16 mm m a boihng water bath, but was destroyed 
by ashmg It was clear therefore that a thermostable 
factor was a component of the manganese oxidation 
system 


The oxidation of manganese by a peroxidase 
system 

The fact that HjOj was necessary for the oxidation 
suggested that the thermolabile factor was a 
peroxidase It was found that, on precipitation witli 
(NH^ljSO^ and dialysis, peroxidase preparations, 
obtamed by the method of Keilm & JIann (1037), 
gave no evidence of manganese oxidation by colon 
metno testa Positive tests, however, were obtamed 
with these and more highly purified peroxidase pre 
parations, when the ether soluble factor, previously 
desonbed, or certam peroxidase substrates, such as 
p oresol, were added It was noted that whereas m 
the absence of manganese, p oresol was oxidized by 
the peroxidase and HjO, to give an insoluble white 
oxidation product, m the presence of Mn'*^ the 
solution remamed clear and the coloured mongamc 
complex appeared These results suggested that the 
ether soluble factor of the horse radish extracts is 
a substrate for peroxidase and that manganese 
reduces the oxidized substrate and is thereby itself 
oxidized 


The oxidation of manganese by systems contain] 
p^xdaso can be followed by monometno measurement 
tne O, evolved In the expenmenU shown in Pig 6 1 
oxidizing system WES m the mam vessel, 7 /ig ofaperoxid; 
predation with P,Z 290, 0 00033 up oresol m 0 033 
o^ophosphate at pH 7 to which varying additions (6 
) of were made, 0 2 ml 0 05 M B:.0. was tipr 
^m the side arm afer equihbration In ab^nce of adc 

^ouoT, Tm r ^th mcreaa 

“C^ses m the velocity and m the to 

output were observed The theoretical output (112 id ] 
was obtamed with 33 pg added JIn++ ^ ^ 

In the reaction mixture without Mn"^, a white nrecmit 
present mdicatmg that thep oresol had 
7h.™.pitate was smaller m the vessels with 6 6-11 , 

«.gndicantdcTmp“sitioT5H.Cwaf;?L^e^^^ 

oxidation product ofpwresol and is itseTfoxidiz^ 1 , 
Biochem 1049,46 


absoncoofsuffloicntMn'^^thooxidationproduotacoumnlates 
In orthophosphate at pH 7 tho oxidized manganese reaote 
stoichciomctncaUy with H_02 In presence of sufBoient 
Mn'*^, theroforo, acoumulation of the oxidation product does 
not occur and tho HjOt is completely decomposed 



Time (min ) 


Mrf** 

Mrd* 


Mn++ 




Fig 5 The decomposition of HjOj by the system peroxidase, 
p oresol and Jln"*^ A — A. -> — +> x — ’‘fD — □, peroxi- 
dase +pcreaol with varying Mn”*^ additaons, ® — ®, 
peroxidaseheatedlO mm atl(X)‘’+p cresol+22/ig Mn"*^, 
• — •, peroxidase + 22 fig Mn'*^ or p oresol +22 pg 
■ — B, peroxidase +p oresol, buffer, ortho- 
phosphate 


DISCUSSION 

Tlie results obtamed provide conclusive evidence 
that a system is present m horse radish extract which 
m the presence of HjOj oxidizes manganese Colour 
teats with other root extracts suggest that this re- 
action IS a general phenomenon The valency of the 
manganese oxidation product has not been estah 
hshed, but imder conditions where manganic man- 
ganese IS stable the product accumulates m this 
form This may arise by a reaction between MnO and 
JlnOj 

In addition to HjOj a thermolabile and a thermo- 
stable factor, which are probably peroxidase and 
a jieroxidase substrate respectively, are necessary for 
the oxidation The thermolabile properties of the 
natural system agree with those attnbuted to 
peroxidase by Gallagher (1924) and Herrhnger & 
Kiermeier (1944), m that prolonged heatmg at 100° 
is necessary for complete mactivation Also, of the 
root extracts tested those such as horse radish and 
turmp, which are good sources of peroxidase, appear 
to be the most active and the maximum actmty as 
shown by the decomposition of HjOj is readied at 
low HjOj concentrations 

On the basis of the results obtamed with the 
partially purified peroxidase preparations the 
working hypothesis is advanced that manganese 
oxidation is brought about by the oxidized substrate 

17 
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of the peroxidase, winch is involved in a cycle of The results of the present work suggest a con 
oxidation and reduction nexion between manganese and plant peroxidase 

Perojadaso +Hj 02 

Reduced substrate — Oxidized substrate 



Reduced substrate 



+ 

Oxidized manganese or Mn"''^^) 


It 18 necessary to postulate such a cycle smce only 
catalytic amounts of substrate are required experi- 
mentally Prelimmary experiments suggest that not 
aU peroxidase substrates are active m the cycle 
Thus manganese oxidation has been obtamed with 
the system usmg o and p cresol but not with 
pyrogallol The experiments with p cresol mdicate 
that it IS an mtermediate and not the final oxidation 
product which brmgs about the oxidation of 
manganese 

Companson of the activities of the horse radish 
extracts, used with that of the peroxidase prepara- 
tion m presence of p cresol, suggests that the activity 
of the extracts is hmited by the amount of the 
peroxidase substrate present In agreement with 
this, activation of comparatively mactive horse- 
radish extracts could be brought about by the 
addition of an ether soluble factor from active 
extracts 

At the concentrations of HjO j used experimentally 
part or aU of the manganese oxidation product is 
reduced by the HjOj This mvolves the Mn"’"'’ as woU 
as the peroxidase substrate m a cycle of oxidation 
and reduction In manometnc experiments with 
small amounts of added Mh'*^ this results m decom- 
position of the HjOj mth evolution of Oj These 
experiments were earned out at concentrations of 
HjO, relatively high compared with those that would 
be present xn vivo At very low concentrations of 
HjOj it appears probable that the oxidized Mn would 
react preferentially wuth metabohtes other than 
H 2 O 2 This would lead to a transfer of oxygen from 
H 2 O 2 to plant metabohtes without evolution of O 2 
Such a transfer would mvolve the manganese m 
a cycle of oxidation and reduction and the hypo- 
thesis is put forward that this cycle may be re- 
sponsible, at least m part, for the effect of manganese 
on plant respiration shown by Limdegfirdh (1939) 
At very low concentrations of Hj 02 , if oxidation is 
rapid compared with reduction, the oxidation pro- 
duct would accumulate It is possible that such 
conditions exist m sods where microbiological 
oxidation of Mn'*"'' leads to an accumulation of 
manganese higher oxides It has been suggested that 
the underlymg factor of Mn Fe antagonism m the 
growth of plants is the oxidation of ferrous iron to 
feme by manganese (Hopkms 1930, Shive 1941) 
Such a mechanism depends on the presence m the 
plant of a system oxi dizin g manganese 


If manganese can also be oxidized through the 
agency of the peroxidase hke activity of haem or 
haematm derivatives, or by milk peroxidase, it is 
possible that manganese oxidation may occur m 
animal tissues 

It IS known that HjOj is formed m several oxida 
tion reactions catalj'sed by enzymes, e g xanthme 
oxidase, ammo acid oxidase and glucose oxidase 
Such H 2 O 2 can be used m promotmg secondary or 
coupled oxidations, thus Thurlow (1926) and 
Hamson & Thurlow (1926) used an enzyme system 
to provide H 1 O 2 for the peroxidase system and 
Keilm&Hartree (1936, 1946) similarly demonstrated 
oxidation of alcohols to aldehydes by means of 
catalase together with HjO. formed by the previously 
mentioned enzyme systems 

In preliminary experiments colonmetnc endence 
has been obtamed that HjOj formed by the xanthme 
oxidase — hypoxanthme system may be used to brmg 
about the oxidation of manganese by the horse 
radish extract It seems possible that an enzyme 
system produemg H 2 O 2 provides a smtable means 
of mamtaimng a low concentration of H 2 O 2 and 
would facihtate the study of the role of the oxidized 
Mn m plant respiration Further work along these 
hues IS m progress 

Lastly, it should be pomted out that the system 
may be able to oxidize metalhc 10 ns other than 
Mti '*'+ It has been possible to foUow the oxidation 
of manganese manometncally, as the oxidation 
product decomposes HjO, , with evolution of Oj The 
fact that the other metaUio ions so far tested have 
not shown such activity is no proof that they are not 
oxidized by the system 

SUMJIAHY 

1 A system which oxidizes manganese m the 
presence of hydrogen peroxide has been demon 
strated m horse radish root extracts This system 
also exists m other root extracts 

2 Under smtable conditions (1 e m pyrophos 
phate or citrate at pH 7) the oxidation product 
accumulates as a coloured mangamc complex Usmg 
horse radish root extract, mangrmese dioxide was 
isolated by the dismutation of mangampyrophos 
phate at weakly a lkalin e reaction The oxidation 
product decomposes hydrazme and can be estimated 
manometncally by means of this reaction 
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3 An increase m the rate of decomposition of the extract are peroxidase and peromdase substrate 
hydrogen peroxide •veas observed on adding small respectively 

amounts of manganous sulphate to horse radish 6 The In^pothesis is advanced that the man- 

extracts This effect was attributed to manganese ganese reduces the oxidized peroxidase substrate 

oxidation and thereby is itself oxidized This mvolves the 

4 The manganese oxidizing system m horse- substrate m a cycle of oxidation and reduction At 
radish extract consists of a thermolabile and a low hydrogen peroxide concentrations, the man- 
thermostablefactortogetherwithhydrogenperoxide ganese oxidation product may react with plant 
Partially purified peroxidase preparations, m the metabohtes other than hydrogen peroxide, this 
presence of certam peroxidase substrates and would mvolve the manganese m an oxidation- 
hydrogen peroxide, oxidize Mn’*'"^ It is suggested reduction cycle, wluch may explam its effect on 
that the thermolabile and thermostable factors m plant respiration 
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The Biochemistry of Locusts 

1 THE CAROTENOIDS OF THE INTEGUMENT OF TWO LOCUST SPECIES 
{LOCUST A MIORATOBIA MIQRATOBIOIDES R &, F 
AND SCmSTOCERGA GREGARIA FORSK ) 

By T W GOODWIN aku S SRISUKH 
Department of Btochemvstry, University of Liverpool 

(Received 22 February 1949) 

A research programme on the biochemistry of locust We have found that hoppers and adult insects of 

pigmen tion, with special reference to the problem both Locusta migratorta migratonoides R & F and 

An essential Schistocerca gregana yielded, on extraction with 
in 1 ^ study of carotenoid metabolism acetone after removal of the alimentary tract, a 

tion of (Goodwin, 1949) was the identifica mixture of two carotenoids These pigments have 

oiiotmcriin^ c^cemed Lederer (1936), been identified as )3 carotene and astaxantlun Small 

and himseff'^ ' out by Volkonsky amounts of lutem (xanthophyll) and chlorophvH 

xonthopli-vlls^^^rl^ presence of a mixture of were occasionally encountered, but they probably 
gregana Fors^ ^rotene in adult Schistocerca ongmatedmsmallamountsofuiiremovedalunentaiy 
identified nmk n* (1041) noted an un- tract or m small pieces of grass which can become 

a. and ft ^ hoppers and a mixture of tiglitly lodged m the buccal cavity and the claws of 

spi^i thefoW 

recorded °° Bociista species have been The pigments v ere identified by their chromato 

graphic and spectrographic properties, insufficient 

17-2 
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matenal was available to make crystallization 
feasible The most rigid chromatographic criterion 
apphed was that of the mixed chromatogram Wlien 
the suspected p carotene or astaxanthm fraction was 
admixed with an authentic sample of the corre- 
sponding pigment (crystaUme p carotene or asta 
xanthm isolated from hypodermis of lobster {Homa- 
rus vulgans H M Edwards) and prawn {NepJirops 
noruegicMS L ), and the mixture chromatographed 
on an appropriate adsorbent, no separation was 
obtamed The absorption spectra of the purified 
fractions were compared with those of the authentic 
pigments over the range 660-400 m/i m a vanety 
of solvents, m all cases the spectra were almost 
exactly superposable In mvestigations m the 
carotenoid senes, m which the absorption maximum 
of different components can differ only shglitly, it 
should be emphasized that it is onlj' when the 
complete absorption curves obtamed m different 
solvents are compared that identification becomes 
uneqmvocal, mere recordmg of maxima is often 
insufficient 

Astaxanthm was further charactenzed by its 
reaction with potassium butoxide ^n vacuo to form 
a bluish purple enohc salt wluch on the admission 
of air is almost instantaneously converted mto 
the orange coloured astacm (3 4 3' 4' tetraketo p- 
carotene, Kuhn & S6rensen, 1938) Further, treat 
ment of the locust astaxanthm with allcah yielded 
a product which was chromatographically and 
spectroscopically identical with astacm produced m 
a smular way from lobster astaxanthm (Kuhn & 
Lederer, 1933) Almost aU the astaxanthm isolated 
from locusts weis unestenfied 


Me 



A large number of eyes and wmgs of Locusta and 
Schvstocerca were exammed sepeirately for caro 
tenoida All were found to contam p carotene and 
free (unestenfied) astaxanthm The astaxanthm m 
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the wmgs occurs m combmation with a protem, but 
m all probability p carotene does not 

Exammation of the fatty tissues, blood and eggs 
of Schtstocerca and Locusta, revealed the presence of 
p carotene only , neither a carotene nor any xantho 
phylls could be detected 

Fmally, advantage was taken of the availabihty 
of alarge number of live locusts to determme whether 
or not they produce vitamm A TJsmg the most rigid 
tests for detectmg vitamm A, it was never possible 
to demonstrate the presence of the vitamm m either 
species 

EXPEREMENTAL 

Extraction, separation and identification of the 
carotenoids of Locusta and Schistocerca 

The locusts were killed by cutting off the head just behmd 
the pronotum , the thorax and abdomen were then opened 
ventrally and the fatty tissues and mtemal organs removed 
and discarded Theremammg tissueswerethoroughlyground 
up with acid washed silver sand and a small amount of 
anhydrous NajSOj and extracted 3-4 tunes with acetone 
The combmed acetone extracta were concentrated at the 
pomp at a temperature not exceedmg 35°, the final traces of 
acetone were removed at a sbghtly higher temperature m 
a stream of N, The residue was then dissolved m bght 
petroleum (bp 40-60°) and chromatographed usmg de 
fatted bone meal as adsorbent (Maim, 1043, Gkodwm &- 
Morton, 1946, Glover, Goodwm & Morton, 1947) Elution 
with light petroleum removed the hydrocarbon carotenoids 
(fraction A) and the xanthophylls were subsequently 
removed from the column with acetone (fraction J5) 

Fraclton A vras found tp have an absorption spectrum 
identical with that of p carotene Its identity with this 
pigment was confirmed by admixmg a portion with a 
solution containing an approximately equal amount of 
crystaUme j3 carotene and chromatographmg on activated 
alumma (Grade 0, Peter Spence and Co ) , even on slow 
development down a long column (20-30 cm ) no separation 
mto two fractions could be obtamed 

Fraclton B was exammed m one of three ways 
(o) The firaotion was dissolved m hght petroleum and 
partitioned between this solvent and 90% (v/v) aqueous 
methanol The epiphase contamed very small amounts of 
a yeUow pigment whilst the mam fraction was hypophasic 
and coloured orange red. 

The epiphasic layer was exammed spectroscopicaUy and 
chromatogrsphioaUy, from this exammation the presence 
of small amounts of lutem (xanthophyU) esters was mdicated 
The identification was not pursued further 

The orange red methanol solution was dduted with 3 vol 
of water and the pigment extracted with hght petroleum 
The extract, when washed free from acetone with water and 
dried over anhydrous Na 2 S 04 , was chromatographed either 
on a column of deactivated alumma or CaCOj (Deactivated 
alumina was prepared by mixmg activated alumma (Peter 
Spence and Co ) with 10 % of its weight of methanol, aUowmg 
to stand for 1 hr , filtermg the methanol off and drymg at 
room temperature ) Using either adsorbent the pigment 
was adsorbed as a red zone at the top of the column, elution 
with ethanol removed a very smaU amount of brown 
matenal which was probably estenfied astaxanthm The 
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mam pigment was eluted with a 2 % (r/v) solution of glacial 
acetic acid m ethanol, this is a characteristic property of 
astaxanthm (Kuhn &- SOrensen, 1938) A very small amount 
of pmk material, which remamed on the column, could bo 
eluted with ethanol contammg 2 5% (w/v) of KOH, this, 
according to Kuhn & Sdrensen, is a charactenstio projierty 
of astacm, and its presence m our extracts was probably 
caused by oxidation of astaxanthm durmg the workmg up 
process, for astacm does not occur m nature (Kuhn, Stene 
A Sbrensen, 1939) 

The glacial acetic acid solution of astaxanthm was diluted 
with an equal volume of water, and the pigment extracted 
with ether, this extract was then identified as desonbed 
below 



Fig 1 The absorption spectra of astaxanthm obtamed from 

Iwuste ( ) and from lobsters (- x - x - x -) , solvent, 

CS Scales for the extmotions {E) have been chosen 

so that the ordmates representmg E for the two samples 

arc equal. 


(b) The extract was dissolved m light petroleum anc 
clMmatographed directly, using deactivated alumma ai 
adsorbent Small amounts of lutem (lonthophyll) wen 
petroleum contammg 4 % (v/v) of acetone 
the astaxanthm was then separated and eluted as desenbet 
under (a) above 

petroleum solution was extracted with i 
km astaxanthn 

was a^riWl ^ Sbrensen, 1938) The Na,CO, solutioi 
ether After the astacm extracted witl 

'““U amount of ether am 

punfie^ bTllT“lth'^1"“““ Thepigmentwa 
of KOH ^ ® conteming 2 5%{^/v 

pigment iBoltttod by procodurea (fi\ ih\ 


was obtamed (i) by comparmg their absorption spiectra with 
those of anthentio samples of astaxanthm and astacm 
obtamed from marme Crustacea (Figs 1 and 2) , (u) by failure 
to separate chromatographically a mixture of ‘locust’ and 
‘lobster’ astaxanthm or astacm mto two components, and 
(m) by the conversion of astaxanthm mto a purple potassium 
(enol) salt which was rapidly oxidized to astacm m the 
presence of 0. To prepare the purple K salt a solution of the 
pigment m hght petroleum was placed m a filter flask closed 
with a rubber bung from which was suspended by thread 
a small test tube contammg K butoxide The flask was 
evacuated to about 1 mm JSg, the light petroleum was 
evaporated and the pigment remamed os a thm smear on the 



Fig 2 The absorption spectra of astacm obtamed from 

locusts ( ) and fiom lobsters (- x - x - x-), solvent, 

CS, Scales for the extmctions (E) have been chosen so 
that the ordmates representing E^^ for the two samples 
are equal 

« 

bottom of the flask. The flask was then tilted so that the 
K butoxide poured on to the pigment, immediately a deep 
purple coloration was produced On admitting air this 
immediately turned orange, this orange pigment possessed 
all the chromatographic and spectroscopic properties of 
astacm prepared from lobster astaxanthm 

When ^e and estenfied astaxanthm are partitioned 
between hght petroleum and 90 % (v/v) aqueous methanol 
the free form accumulates m the methanol layer (hypopbase) 
and the estenfied pigment m the light petroleum layer 
(epiphase, K uhn , L^erer <!t Deutsch, 1933) All the asta 
xanthm fractions isolated m this mvestigation were almost 
completely hypophasic m this test, mdicatmg that the free 
pigment predommated 

When locust eyes were exammed they were treated m the 
same way as the mteguments, the wings, however, were 
subjected to different treatment 
Examination of locust icings Vanous samples of wmgs 
from Locusta, Schistoccrca gregana and one sample of wmgs 
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of red locust {Nomadacna septemfasciata Somlle) wore 
examined m the foUomng way The wings were placed in 
a Warmg miser and extracted for 10 mm n ith light 
petroleum (b p 40-00°) , the hght petroleum was filtered 
at the pump through a Q 4 smtered glass filter and oxammed 
chromatographicaUy and spectroscopically The fraction 
contamed only one pigment, /3 carotene The wmg residue 
was divided mto two jiortions, one of which was extracted 
with acetone m the Warmg mixer The acetone fraction was 
dark orange m colour and when tested was shown to contam 
only unestenfied astaxanthm This was good presumptive 
evidence that the astaxanthm was held attached to a protem 
Consequently, the second portion of the wmgs was ex 
tracted with about 160 ml water contammg two drops of 
NH, solution (sp gr 0 88) m the Warmg mixer The resultmg 
mush was centnfuged and the dark brown supernatant 
hqmd decanted off Addition of sohd {NH 4 ),S 04 to saturation 
threw down a brown protem, leavmg the supernatant hqmd 
a pale yellow colour The protem was centnfuged off and 
redispersed m a small volume of water Shakmg this 
solution with hght petroleum extracted a small amount of 
P carotene After the protem pigment complex was broken 
down by the addition of an equal volume of ethanol the 
pigment was easily extractable with hght petroleum It 
showed all the properties of free astaxanthm The wmg 
tissues remaining after extraction with water were extracted 
with acetone, a small amount of astaxanthm was ohtamed, 
probably owmg to the presence of unextracted protein. It is 
important to note that m similar testa with locust mtegu 
ments it has not yet been possible to detect such an asta 
xanthm complex. 

Body fat and eggs Samples of body fat and eggs were 
ground up with anhydrous NsjSOiandthe pigment extracted 
with acetone On transfemng the pigment to hght petroleum 
and chromatographmg on activated alumma only one pig 
ment was detected Spectroscopic data and a ‘mixed’ 
chromatogram mdicated that the pigment was p carotene 

Extraction of astaxanthm from lobsters It was necessary to 
obtam authentic specimens of astaxanthm with which to 
compare the locust pigment, lobsters were considered the 
best source The methods of extraction are described m 
a subsequent commumcation (Goodwm & Snsukh, 1949) 

Blood About 1 ml of blood was ohtamed from about fifty 
immature adult Locusta It was exammed accordmg to the 
method of Glover ef al (1947) The only pigment obtamable 
was p carotene which was identified m the usual way The 
concentration of p carotene m the blood was approx 
600 fig /lOO mL A similar result was obtamed with Schisto 
cerca blood, but the p carotene content was considerably 
higher, approx 3000 pg /lOO ml 

Tests for the presence of mtamin A 
tn Locusta and Schistocerca 

A number of acetone extracts of whole Locusta and 
Schistocerca were prepared as previoualy described After 
removal of the acetone the extracts were dissolved m hght 
petroleum and chromatographed on defatted bone meal 
accordmg to the method of Glover el al (1947) Two fractions 
were obtamed, one of whieh was eluted with hght petroleum 
and which should have contamed any estenfied vitamm A, 
and one which was eluted with acetone and should have 
contamed any free vitamm A The solvents were removed 
from the two fimotions and the residues made up m cyclo- 
hexane and exammed m two ways (a) the absorption 
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spectrum of the colour produced by reaction of the extract 
with a CHCl, solution of SbQj was exammed m the Hilger 
Nnttmg visual spectrophotometer to dete rmin e the wave 
length of the absorption band, and m the Beckman quartz 
photoeleotno spectrophotometer for the measurement of the 
extmotionnt017m/i (ne attheA^^^fortheSbClj vitammA 
colour test) In no case was an absorption band noted at 
CI7 mp. nor was any absorption of a transitory nature 
observed at 617 mp. , m fact, it always mcreased considerably 
on standmg Thus, usmg the SbClj test, no positive evidence 
of the presence of vitamm A, either m the firee or estenfied 
form, could be obtamed 

(6) The direct absorption spectra of the cyclohexane 
solutions were recorded usmg the Beckman instrument 
Considerable absorption existed at 328 mp., but when 
corrected for absorption not due to vitamm A, most of the 
curves were ‘uncorrectable’, that is, m moat cases the 
absorption calculated as due to vitamm A possessed a small 
negative value Thus agam no evidence for the presence of 
vita min A could be obtamed 

DISCUSSION 

The present investigation has demonstrated the 
presence of p carotene and astaxanthm m two 
species of locusts, Locusta mtgrcUona mtgratonoides 
R & F and Schistocerca gregana Forsk , p caro 
tene exists m the integument, wmgs, fatty tissues, 
eggs and eyes, and astaxanthm m the mtegument, 
wmgs and eyes 

Almost all the astaxanthm occurring m the 
mtegument is unestenfied, it has not yet been 
possible to demonstrate, as m the case of the wmgs 
and lobster cuticle (Kuhn & Lederer, 1933), the 
presence of astaxanthm as a protem complex m the 
locust mtegument 

It IB hoped to present m a future paper data con 
cemmg the quantitative distribution of p carotene 
and astaxanthm m locusts durmg the various stages 
of development As this survey wiU not mclude 
separate data on eyes and wmgs it is mterestmg 
to note here that the mean concentrations m the 
eyes and wmgs are, respectively, 13 9 and 6 Ipg /g 
ofp carotene and 7 46 and 10 4 pg /g of astaxanthm 
Both the flymg wmgs and the elytra have the same 
concentration of astaxanthm Whilst the relative 
amounts of the two pigments m the eyes are very 
similar to those found m the mtegument of adults 
(Goodwm, 1949) astaxanthm tends to preponderate 
m the wmgs From the figures just quoted it can be 
calculated that one pair of locust eyes contam 
0 130 pg of/3 carotene and 0 048 pg of astaxanthm, 
the correspondmg values for one set of wmgs are 
0 0266 and 0 366 pg 

The wmg astaxanthm occurs m combmation ivith 
a protem, but m aU probabfiity p carotene does not, 
for when the ground tissue is extracted mth hght 
pietroleum (b p 40-60°), a solvent which does not 
hberate carotenoids fi:om their protem complexes, 

P carotene, but not astaxanthm, is extracted When 
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the residue is extracted m the water containing about 
0 05 % of ammonia (sp gr 0 88) a brown solution la 
obtamed from which a brown protem is precipitated 
at full saturation with ammommn sulphate When 
the brown protem is dissolved m water and de- 
natured by the addition of ethanol, astaxanthm, but 
not § carotene, appears m a hght petroleum eirtract 
The attachment of astaxanthm to a protem of the 
wmgs of the red locust, Nomadacns septcmjaaciata 
Servdle, has also been demonstrated All these results 
confirm and extend the claims of Junge (1941) and 
Okay (1947) that a component of the colour complex 
of insects, m particular the wings, is an (unspecified) 
carotene protem , that Okay noted such a pigment 
m the acndid, Acnda tnmia L , is of sx>ecial mterest 
More recently, and followmg our prelimmory notice 
of the presence of astaxanthm m locusts (Goodwm 
& Snsukh, 1948), Okay (1948) has stated that the 
carotenoid of the protem complex m a number of 
insects IS astaxanthm 

The demonstration of the presence of p carotene 
only m the fatty tissues and eggs of Locusta and 
Schtstocerca confirms m general the previous state 
ment of Chauvm (1941) that jS carotene exists m the 
eggs of Schtstocerca, however, he also claimed to 
have detected small amounts of a carotene It is 
mterestmg to note that mvestigations on the body 
fat and gonads of another acndid, the grasshopper 
(Mdanoplua bivattua Say), have produced similar 
results (Grayson, 1942 , Grayson & Tauber, 1942) 

The carotenoids m locust blood are mterestmg m 
two respects (i) The carotene levels are extremely 
high compared with those usually obtamed for 
ma mmal s whose blood contains carotene , however, 
m the only other mvestigation of the carotene levels 
m msect blood. Palmer & Kni ght (1924) found the 
astonishmgly high value of 13,600 /ig /lOO ml m the 
lymph of the potato beetle, Leptinotarsa decetn- 
hneata Say (u) As the blood is bnght green and 
carotene is the only pigment present it follows that 
it 18 highly likely that the carotene occurs as a 
protem complex 

Usmg the most ngid tests for detectmg vitamm A, 
the antimony tnchlonde test and the correction 
procedure of Morton & Stubbs (1946), both earned 
out usmg a photoeleotnc spectrophotometer, it wets 
nei’cr possible to demonstrate the presence of 
wtormn A m either species exammed 


Brodslcis (1944) and Brodskis & B.ungs (1944) 
recently reported ‘traces’ of vitaimn A m Schteto 
ccrca, it 18 suggested that, owmg to the somewhat 
inadequate apparatus at their disposal, these mvesti- 
gators have been unable to distmguish between the 
colour produced by carotenoids with antimony tn- 
ohloride and that produced by vitamm A 

The absence of vitamm A from locusts is not 
unexpected, for up to now the vitamm has never 
been uneqmvocaUy detected and is absent from 
Taeniopoda awncomts Walker (Gual, Giral & Giral, 
1943), further, a number of msects can develop 
normally on diets from which vitamm A or carotene 
or both are completely absent (McCay, 1938 , Bowers 
&McCay, 1940) The absence from locusts of vitamm 
A, coupled with the presence of astaxanthm, which 
IS present m their eyes, strongly suggests that the 
pigment is the photoreceptor m locusts, for Wald 
(1943) has pomted out that astaxanthm is an almost 
umversal photoreceptor m organisms which do not 
manufacture vitamm A 

SUMMARY 

1 The carotenoids of the mtegument of the 
migratory locust (Locusia mtgratona migrcUonoides 
R & R ) and desert locust (Schtatocerca gregana 
Forsk ) are )5 carotene and astaxanthm, the latter 
occurs m the unestenfied form 

2 Both pigments also occur m the eyes and the 
wmgs Astaxanthm exists m the wmgs as a protem 
complex 

3 The presence of an astaxanthm protem 
complex has also been demonstrated m the 
wmgs of the red locust Nomadacns septemjasetata 
Servdle 

4 Only j3-carotene occurs m the fatty tissues, 
blood and eggs of both species In the blood it is 
probably attached to a protem 

6 Preformed vitamm A does not occur m either 
Locusta or Schtstocerca 

Thanks are due to the Anti Locust Research Centre for 
BuppheBoflocuBtaandagranttowaTdBexp6nBea,toDrBB P 
Uvarov and D L Gunn of the Anti Locust Research Centre 
for adwee and help willingly given, to Mr J R Bmce (Marine 
Biological Station, Port arm, Lo ) for marme samples , and 
to Prof R A. Morton for constant encouragement and 
advice. 
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During an investigation into the carotenoids of two 
locust species (Goodwin & Snsukh, 1949) it became 
necessary to obtam an authentic specimen of 
astaxanthm for comparative purposes , such a sample 
was obtamed from the lobster (Homarus vulgaris 
H M Edwards) As the isolation of this matenal 
proceeded it became apparent that the expenence 
of Kuhn & Lederer (1933) on the distribution of free 
and estenfied astaxanthm was not bemg reproduced , 
consequently the distribution was remvestigated m 
some detail A s imilar mvestigation was earned out 
on the prawn (Nephrops norvegicus L ) At the tune 
the lobsters and prawns were bemg exammed an 
opportumty arose to examme the pigment of the 
small red copepod, Tignopms fulvus Fisch (Fraser, 
1936) 

EXPERIMENTAL 

The first sample of astaxanthm used was obtamed from old 
dry carapaces of lobster with which was mixedasmallamount 
of carapaces of crab (Cancer pagarus) The carapaces were 
softened by placing m approx 0 2N-HC1 for 24 hr to dis 
solve the CaCOj, filtered off, washed with water until free 
firom acid, ground up m a mortar with acid washed sdver 
sand and anhydrous NajSOi and extracted 3 times with 
acetone at a temperature helow 30° The combmed acetone 
extracts were concentrated at the pump, diluted with 2 voL 
of water and extracted with hght petroleum When a small 
sample of the hght petroleum extract was shaken with 
90 % (v/v) aqueous methanol the pigment was almost com- 
pletely hypophasio, this mdicated that the pigment was 
unestenfied, for estenfied astaxanthm is epiphasic m this 
test (Kuhn, Lederer & Deutsch, 1933) A small yellow residue 
m the epiphase showed no selective absorption m the region 
400-450 m;i. 

The hght petroleum extract was then chromatographed 
using CaCO, (A.R ) as adsorbent Development with hght 
petroleum contammg 4% (v/v) of ethanol resulted m the 
separation of three bands (1) orange red — most strongly 
adsorbed, (2) reddish pmk, and (3) yellow The yellow 
ffaction, which was only small, was dwearded, it was the 


same pigment as that found m the epiphase m the partition 
test Absorption spectrum measurements m four solvents 
mdicated that the orange red pigment was astacm and the 
reddish pmk pigment astaxanthm Although the astaxanthm 
thus obtamed was pure and was identical with the locust 
pigment, it was considered advisable to compare locust 
astaxanthm with astaxanthm prepared from fiesh matenal 
It was also important to examme fiesh matenal because all 
our tests mdicated that m the carapaces astaxanthm was 
present m the fiee form, although Kuhn & Lederer (1933) 
had claimed that the carapace pigment was estenfied In 
this experiment the presence of astacm m considerable 
amounts mdicated that oxidative changes must have taken 
place m the stored carapaces and there was always the 
possibihty that hydrolysis of the original ester (if eater were 
present) had also occurred 

Three firesh lobsters were kiUed by immersion m fresh 
water and the hypodermis removed carefolly and as com 
pletely as possible fiem the carapace, the eggs of the two 
females and the hepatopancreases were also removed for 
examination 

The hypodermis on extraction with acetone m the 
manner just des cnbedyieldedapigment which was chromato- 
graphicaUy homogeneous and epiphasic m a methanol hght 
petroleum partition It was the astaxanthm ester previously 
described by Kuhn and his co workers, its spectral character 
istics were recorded uamg a number of solvents. 

The carapace was divided mto two portions One portion 
was extracted with acetone after it had first been softened 
by standing overnight m 2if HCl The pigment extracted 
was not homogeneous, it consisted of two components, one 
epiphasic and the other, the major component, hypophasic 
Neither component could be further firaotionated by chro 
matography on weakened alumina (Qoodwm & Snsukh, 
1949) This experiment strongly mdicated that the hypo 
phasic firaotion was obtamed from the carapace itself and 
that the presence of a small amount of epiphasic pigment 
was due to contammation with small amounts of hypodermis 
In order to confirm this, the second portion of carapace was 
allowed to stand for 48 hr m 0 02x HCl Th is treatment 
softened the carapace and extracted a small proportion of 
the astaxanthm protem complex but not the fiee pigment 
The resulting clear blue solution was filtered off and some 
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colourless mterfermg protein removed by addition of 
(NIf ,)^04 to half saturation The blue astasanthm protem 
complex Tvas then broken down by the addition of ethanol 
(equal vol ) , the solution immediately turned orange and the 
hberated pigment which remamed dispersed m the solution 
was extracted with light petroleum On shakmg this 
petroleum solution with 90% (v/v) aqueous methanol the 
pigment was completely extracted by the methanol This 
experiment clearly confirms that the carapace astaxantlun 
IS unestenfied 

Lobster eggs were ground up and allowed to stand for some 
days m contact with water A green chromoprotem was 
extracted which exhibited an absorption spectrum with 
maxima at 476 and 000 m/n, the spectrum was very similar 
m shape to that reported by Stem A Salomon (1938) who, 
however, recorded slightly different maxima, viz 470 and 
640 m/i, Denaturation of the chromoprotem by addition of 
acetone yielded unestenfied astaxanthm, thus co nfirmin g 
the observations of Kuhn L Lederer (1933) 

The hepatopanoreases were extracted with acetone m the 
usual way and yielded only very small amounts of a pigment 
wbuiiwaB, asfar as coiid be aacertamed, p carotene 
Three firesh prawns (Nephrops norvefftctis L.) were ex 
ammed m the same way as lobsters The results obtamed 
were the same, i e the hypodermis contamed estenfied 
astaxanthm, whilst the carapace contamed free astaxanthm 
attached to a protem 

The carotenoids from Tignopua fulvu3 were extracted by 
acetone after grmdmg with sharp sand The acetone was 
removedin vacuo and the residue dissolvedm light petroleum 
(bp 40-00°), partitioned, and the two fractions punfied 
by chromatography on weakened alumma Using the 
methods desenb^ previously m this paper, these two pig 
ments were identified as estenfied and free astaxanthm, the 
latter is the major portion of the mixture 
Quantitative measurements were made m order to deter 
mme the amount of astaxanthm contamed m male and 
female T fulvus Using samples of 100 ammals, values 
obtamed for males were 6 74 and 4 66 pg /animal and for 
females 6 0 and 6 77 fig Gravid females ore conspicuous by 
their egg sacs, consequently two lots of 100 gravid females 
were collected, separated firom their eggs and the two 
^rtions exammed separately It was found that whilst 
which sacs had been removed contamed 2 93 
an ,, 00 fig /animal, the sacs themselves contamed asta 
^nthm to the extent of 2 89 and 1 68 /ig /sac From these 
ted experiments it appears that male and female T 
/ II VU3 eontam about the same amount of pigment, but that 
gravid females lose about half their store to their eggs 


RESULTS AhTD DISCUSSION 

I'Tulst Kuhn & Lederer’s (1933) clarni that the 
'J/podermis of the lobster and prawn and ova of the 
0 ster contain estenfied and fine astaxantlun, 
^®^>eotively , was confirmed, it was never possible to 
6 ect more than traces of astaxanthm ester m the 
‘^^paces of either species, the major pigment was 
always free astaxanthm It can only be suggested 
^'a previous workers had mvestigated carapaces to 
"c 1 some hypodermis wbs still adhermg As the 
^STO^t concentration m the hypodermis is very 
^ greater than m the carapace, the pigment 


from small amounts of the former rmght well have 
masked that obtamed from large amounts of the 
latter It wbs found in the present mvestigation that 
complete removal of the hypodermis from the cara 
pace was virtually impossible, and it is considered 
that the presence of small amounts of estenfied 
pigment m our carapace extracts was due to traces 
of hypodermis In order to elunmate the mterference 
produced by the pigments of adhermg hypodermis, 
eur dned carapaces were ground with water con- 
taining traces of hydrochlonc acid (about 0 02 n) and 
allowed to stand The astaxanthm protem complex 
was thus extracted without denaturation and the 
tmeonjugated hypodennal pigment was not The 
resultmg pale blue solution was denatured by the 
addition of ethanol or acetone , the colour changed 
to orange and the astaxanthm could be extracted 
intli light petroleum This pigment was completely 
hypophasic m the phase test, and no estenfied asta 
xanthm could be detected 

Further, the absorption spectrum of the greenish 
astaxanthm protem complex (ovoverdin) which 
occurs m lobster eggs and which is soluble m water 
lias been exammed The spectrum obtamed agreed 
quahtatively with that previously recorded by 
Stem & Salomon (1938) m exhibitmgabroad shallow 
band m the red region and a much sharper band m 
the blue green region of the spectrum It is m the 
position of these bands that the present observations 
differ sbghtly from those of Stem & Salomon, they 
record at 640 and 470 zap , whilst we record 
them at 600 and 476 mp 

Light absorption data on astaxanthm are much 
less numerous than are those for astacm , Wald (1943) 
and Karrer & Wurgler (1943) record the spectrum 
in hexane, and Kuhn & S6rensen (1938) m pyndme 
However, it is now apparent that the spectrum 
recorded by Kuhn & SOrensen is meorrect In order 
to extend the data, the absorption m ax i m u m of 
astaxanthm m carbon disulphide, pyndme, glacial 
acetic acid and hght petroleum (b p 40-60°) are 
recorded m Table 1 Similarly, only few data have 


Table 1 Absorption maxima of free and estenfied, 
astaxanthm in various solvents 


Solvent 

Jlexane 

Light petroleum (b p 40-60°) 
Pyndme 

Carbon diBulphide 
Glacial acetic acid 
Acetone 


Absorption maximum (mp.) 


Free 

astaxanthm 

470 

470 

49ffd91 

605-606 

483-485 

476 


Estenfied 

astaxanthm 

467-408 

488 

603 

481^82 


been produced on the spectra of astaxanthm esters 
(Wald, 1943, Kulm A Sbrensen, 1938) and these 
indicate that they are t ery close to that of the parent 
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compound It has now been foimd that compared 
with free astaxanthin the estenfiedpigment occumng 
m lobster hypodermis shows an absorption band 
of exactly similar shape, but with its wavelength 
maximum shifted 1-2 mg to shorter wavelengths 
(Table 1) All the data were obtamed usmg the 
Beckman photoelectric spectrophotometer 


SUMMABY 

1 It has been confirmed that estenfied asta 
xanthm occurs m the hypodermis of the lobster, 
Homarus vulgans Edw eind the prawn, Nephrops 
norvegtcus L , and that the unesterified pigment 
occurs m the eggs of the lobster 


2 It has not been possible to confirm the presence 
of estenfied astaxanthm m the carapaces of these 
species, from the evidence presented it is considered 
that the pigment is m fact free astaxanthm 

3 The lobster hepatopancreas contains only 
traces of |9 carotene 

4 Free and estenfied astaxanthm, the former 
predommatmg, have been identified m the sea flea, 
Ttgnopua fulvus Fisch In gravid females about 
60 % of the pigment is m then eggs 

We are grateful to the Anti Locust Eeaearch Centre 
for a grant towards expenses, to Mr J R Bruce (Marine 
Biological Station, Port Erm, loM) for specimens, and 
to Prof R A Morton for constant encouragement and 
advice 
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The Intermediary Metabolism of the Mammary Gland 

2 RESPIRATION AND ACID PRODDCTION OF MAMMARY TISSUE DURING PREGNANCY, 

LACTATION AND INVOLUTION IN THE RAT 

By S J FOLLEY Ann T H FRENCH 
National Institute for Research in Dairying, University of Reading 

(Received 11 March 1949) 


In a previous paper (FoUey & French, 1949 c) we 
have shown that shces of lactatmg mammary tissue 
respire fairly ewjtively m a medium containmg glucose 
In the rat the activity is less than that of nervous 
tissues and kidney, but is of the same order as that 
of liver , unlik e that of hver , however, the respiration 
IS markedly mcreased over endogenous values m the 
presence of glucose The respiratory quotient (b q ) 
of lactatmg mamm ary tissue (m glucose) is well 
above umty m the mouse, rat, rabbit, and, to a lesser 
degree, the gumea pig, but below umty m ruminants 
(goat, cow) 

Our results on the rat mdicated that and 
perhaps b q , is lower m early than m full lactation 
This pre limin ary findmg was m Ime with that of 
Kleiber, Smith & Levy (1943), who reported a higher 
respiration for lactatmg tissue than for tissue taken 
from pregnant rats, provided the results were 
calculated to a dry tissue basis On a moist tissue 
basis, however, there was no difference m metabobc 
rate at the end of pregnancy and at the twenty first 
daj of lactation, because the dry matter content of 


the gland was much higher m pregnancy than m 
lactation 

The relation between the functional activity of 
a tissue and its respiratory metabohsm is of con 
siderable mterest, and the mammary gland readily 
lends itself to a study of this question We have 
previously shown (FoUey & French, 1949 c) that, m 
the rat, experimental depression of lactation due to 
restriction of the food mtake or to adrenalectomy, 
lowers Qo,> decreases the e q to values near unity, 
and mcreases the aerobic glycolysis Another 
approach to this question is to study the metabolism 
of mammary tissue at various stages of the lacta- 
tional cycle, using the term m its widest sense to 
molude late pregnancy and post lactational mvolu- 
tion The present paper reports results of such a 
study 

METHODS 

Animals Hooded Norway rats undergoing their first 
lactations were used. The stock diet, fed ad Ub , was as 
described previously (CJowie & FoUey, 1948) save that 10 of 
the parts of whole wheat were replaced by wheat germ. AU 
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litters -were reduced to 8 (if possible 4 of each sex) at partun 
tion. Groups rvere killed (by dislocation of the spine) on the 
twentieth day of pregnancy (i e 1-2 days before parturition) , 
and on days 1, 8, 16 and 22 of lactation. Utters being allowed 
access to the mothers up to the time of autopsy Obviously 
the group killed on day 1 may have mcluded some rats whioh 
would have failed to lactate successfully had they been 
allowed to survive This could hardly have affected the mean 
results for this group of 10, however, smce, of the rats set 
aside for this work, only about 10 % failed to lactate In 
order to allow the effects of weamng to be studied m com 
panson with those of contmued suckUng, a group was 
weaned on the twentieth day and killed 2 days later 

General At autopsy the 3 abdominal* mammary glands 
from one side were carefully dissected off and weighed, after 
which samples were taken for determination of retamed 
(extracellular) milk, by detenmnation of the lactose content 
on a homogenate (Folley & Greenbaum, 1947), and of total 
dry matter content (Folley A Greenbaum, 1948) Tissue 
shces for the manometno experiments were cut from the 
other 3 glands as described previously (Folley & French, 
1949c) 

^9 . Qo, {/J Oj/nig final dry wt /hr ) and were 
detemuned on duphcate shcea fi’om each rat by the method 
of Dickens & Suner (1931) usmg Dickens & Grevdle (1933) 
flasks The gas phase was 6% CO, and 96% 0,, and the 
medium the Rmger bicarbonate of Krebs & Henseleit 
(1932) In aH expenments with substrate, 0 3% glucose 
was used. Determinations m duphcate without substrate 
were also performed on shces from about half the rats m 
each group 

RESULTS 

Oxygen uptake Group mean values for — Qq^ are 
given m Table 1 At the end of pregnancy — Qo, 
(glucose) la low, but has mcreased considerably by 


Tlie mcreaae m — between the twentieth day 
of pregnancy and the day of lactation is hardly 
affected by absence of substrate, but thereafter 
as lactation progresses — Qq^ mcreases but shghtly, 
tf at aU, and it is doubtful whether there is a decrease 
at weamng The values for the eighth, fifteenth and 
twenty second days of lactation confirm our previous 
finding (Folley A French, 1949 c) that glucose 
markedly mcreases the respiration of mammary 

gland shces Values for the ratio ■ ^ 

Qoj (no substrate) 

given m Table 1, show that this is a property only of 
the fuUy lactatmg gland 

The mterpretation of these results is comphcated 
by the changes m the dry matter content of the 
mammary tissue (Table 2) Table 2 shows that the 
fully lactatmg gland contains less than half the dry 
matter of the gland at the end of pregnancy, the 
values agreemg very weU with those of Kleiber et al 
(1943) The question thus arises whether the mcrease 
m —Qo, represents a real mcrease m respiration 
rate or is an artifact due to the disappearance of 
metabohcaUy mert dry matter, such as fat or protem, 
contamed m colostrum stored m the alveoh On the 
other hand, there seems no doubt about the reahty 
of the decrease m respiration foUowmg weanmg, 
smce the mcrease m the tissue dry matter at this 
time IB relatively shght 

We have attempted to elucidate this problem by 
calculatmg for various stages the total respiration 
of the BIX abdommal glands, the weight of which, 
corrected for retamed extracellular milk, should 
remam more or less constant over late pregnancy 


Table 1 Bespiratory metabolesm of slices of rat mammary gland during pregnancy, lactation and involution 


(Errors ore mdicated m this and succoodmg tables by giving meanisu: u.) 


Glucose (0 3 %) 

A 


Stage 

/ 

Days No of rats 

-Qo, 

B.Q 

Pregnancy 

20 

10 

1 3±0 1 

0 83 ±0 01 

Lactation 

1 

10 

4 4±0 3 

1 00±0 06 


8 

8 

7 1±0 6 

162 ±0 03 


16 

8 

10 3±0 4 

1 60±0 06 


22 

8 

9 6±0 3 

1 53±0 03 

Weaning 

2 

6 

66±09 

0 76±0 03 



No substrate 

A 


Qo, (glucose) 

f 

No of rate 

-Qo, 

S.Q 

Qo, (no substrate) 

6 

16±0 05 

0 62 ±0-03 

0 87 

6 

40±03 

0 73±0 01 

1 07 

4 

46±06 

0 76±0 01 

1 68 

4 

62±04 

0 78±0 02 

2 03 

4 

6 3±0 2 

0 74±0 02 

1 49 

3 

60 

064 

1 14 


e first day of lactation Thereafter the values rise 
steadily to a peak level, reached somewhere between 
le eighth and fifteenth days, which appears to be 
inaintamed sensibly constant until the twenty- 
second day, the shght drop at this time bemg not 
s ntistically significant By contrast, glands from 
^ 8 weaned on the twentieth day and kdled on the 
" enty second day show a marked fall m respiration 
We (see also Fig 1) 

^ ^ abdominal and 4 mgumal 


and lactation, smce glandular growth largely ceases 
by imd pregnancy (see Folley & Greenbaum, 1947) 
This approach seems preferable to an attempt simply 
to express the respiration rate on a moist tissue basis, 
smce the nature of mammary gland shces (see Folley 
&, French, 1949 c) precludes accurate determination 
of them moist weights The total respiration of the 
abdommal glands is easUy calculated for 8, 16 and 
22 days of lactation if Qo,, the total moist weight of 
the abdommal glands and their retamed extracellular 
milk content, are known The calculation mvolves 
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Table 2 Total respiration of abdominal mammary glands of rats during pregnancy and lactation 

Dry matter 
content of 


Stage 

Days 

No 

of 

rats 

Mean 

body 

■wt 

(g) 

Moist irt of 

3 abdommal 
mammary glands 
(mcluding milk) 
(g) 

Milk content 
of mammary 
tissue* 

(%) 

Total dry matter 
content of 
mammary tissue 
(mcluding mdk) 
(%) 

‘milk free’ 
mammary 
tissue 
(calc )t 
(%) 

Total 

respiration of 
6 abdominal 
mammae} 
(pi Oj/hr) 

Pregnancy 

20 

10 

290 

2 60 

12 8±0 7 

681±17 

— 

3,870 § 

Lacta-tion 

1 

10 

224 

3 35 

40 4±3 1 

37 2±1 8 



- 


8 

8 

248 

3 12 

37 8±3 0 

28 6±0 6 

30 4 

8,370 


16 

8 

250 

3 76 

42 2±2 6 

25 7±0 3 

25 8 

11,600 


22 

8 

250 

3 49 

67 6±2 1 

20 0±0 3 

26 6 

7,540 

Weanmg 

2 

6 

261 

6 68 

41 6±3 6 

312±0 0 

— 

— 


♦ Lactose content of rat milk taken as 3 23 % (Folley Greenbanm, 1947) 
t Dry matter content of rat milk taken as 26 60% (Folley Greenbanm, 1948) 

J Calonlated on the assumption that all the milk m a shco is leached out during the manometno determmation 
§ Calculated on the assumption that no colostrum is leached out firom a shce durmg the manometno detonnmation. 


a number of reasonable assumptions, the most im 
portant of ■which are the follo'wmg (a) that the 
method of Folley & Greenbanm ( 1947) for calculating 
the extraceUular mil k content of mammary tissue 
from the lactose content of tissue homogenates is 
reasonably valid, (6) that the variations in the total 
Bohds and lactose contents of the milk over the 
period of lactation m question are negligible, and 
(c) that all extracellular milk is leached out from 
the shce durmg the respiration experiment In 
calculatmg the milk content of the tissue at these 
stages the lactose content of rat milk -was taken as 
3 23% (Folley & Qreenbaum, 1947) and the total 
sohds content as 26 60 % (Folley & Greenbanm, 
1948) 

These assumptions are, however, not vahd for the 
gland m late pregnancy because (a) the gland then 
contains colostrum, the composition of which is 
Unknown for the rat, but which by analogy ■with 
what IS known for the heifer (Engel & Sohlag, 1926) 
is almost certam to contam a very large amount of 
sohds and httle lactose, and (b) it seems probable 
that much of the colostrum ■wiU remam m the shce 
throughout the manometno dete rmin ation Tlie 
total respiration of the abdominal glands for the 
■twentieth day of pregnancy was therefore calculated 
on the assumption that no colostrum is leached out 
This has 'the advan^tage of gi^vmg a maximum value 
for the total respiration smce if, as is probable, some 
colostrum is lost durmg the measurements, the 
figure given IS an overestimate No such calculation 
was attempted for the first day of lactation smce 
this IS probably a penod of transition from colostrum 
to milk, mvol^vmg unknown and rapidly changmg 
conditions to which no set of assumptions seemed to 
apply 

The values for the total respuation given m 
Table 2 mdicate an mcrease of the order of threefold 
between the end of pregnancy and the fifteenth day 
of lactation, the increase bemg somewhat less at the 
eighth and twenty second days 


Respiratory quotient Group mean values are given 
m Table 1 , they are of course mdependent of changes 



Fig 1 Gaa exchange of rat mammary gland shoes duniig 
late pregnancy, lactabon and after iveanmg The pomts 
at the ends of the dotted hnes refer to groups of rats 
■weaned at the twentieth day of lactation 

m the dry matter or milk content of the tissue With 
glucose as substrate the b Q is well below umty m 
late pregnancy, but has risen to umty on the first day 
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of lactation By the eighth day the b Q has increased m autoglycolysis relative to the glucolysis as the 


to 1 6, a value ■which is more or less mamtamed 
tliroughout lactation This value is shghtly Ingher 
than our pre'vnous value for rat mammary gland m 
fuU lactation (FoUey <fc French, 1949 c) After 
■weaning for 2 days the b q has dropped belo^w umty 
to a value smular to that m late pregnancy The 
stnkmg mcre€ise m COj output, the mcrease m 
above — near parturition and the reversal of this 

change foUowing ■weamng, -which these findings 
imply, are illustrated m Fig 1 In the absence of sub- 
strate the B Q IS below umty throughout, although 
the values for fully laotatmg tissue are a httle greater 
than those for tissue taken m late pregnancy or after 
weanmg 

Aerobic acid 'production Changes m aerobic acid 
production (Table 3) are mainly considered m terms 
of ratios of quotients so as -to ehmmate comphcations 
due to changes m the dry matter and milk content 
of tissue We have pre^viously pomted out (Folley 
French, 1949 c) that the acid produced by 
gland shoes probably mcludes aeids other 
than lactic acid 


secretory actmty of the tissue diminishes 
DISCUSSION 

The present results show that, aUo^wmg for sunul 
taneous changes m the dry-matter content of the 
tissue, the onset of lactation m the rat and the 
subsequent progressive mcrease m milk yield (see 
data of Brody & Nisbet, 1938) are correlated -with 
an mcrease m the metabohc rate of mammary tissue 
Our values for are at aU stages two to three tunes 
as great as those of Kleiber et al (1943), possiblj 
because those workers did not use t hin shoes, so 
that their tissue may not have been m equihbnum 
■with oxygen Studies of the oxygen uptake of the 
rummant udder by the arteriovenous method show 
on the whole (e g the results of Remeke, Stonecipher 
& Turner, 1941, on the goat) very httle difference 
between dry and laotatmg udders as regards arteno 
venous differences m oxygen Our findings on the rat 
mdicate that the enhanced energy consumption m 
lactation is met by an mcrease m respiration rather 
than glycolysis, so m the ruminant, and probably 


Table 3 Aerobic acid production of rat mammary gland during 'pregnancy, lactation and involution 


Stage 

Days 

No of 
rats 

QS’ (glucose) 

-Qo,(glocose) 
Qg> (glucose) 

No of 
rats 

- Qo, (no substrate) 
(no substrate) 

(3g* (glucose) 
QS’ (no substrate) 

Pregnancy 

20 

10 

0 9±01 

146 

6 

4 47 

2 77 

Lactation 

1 

10 

14±01 

3 57 

6 

904 

2 90 


8 

8 

18±0 2 

4 09 

4 

9 28 

3 76 


15 

8 

2-4±0 5 

625 

4 

12 76 

3 08 


22 

8 

2 0±0 2 

616 

4 

6 37 

240 

Weaning 

2 

6 

3 6±0 3 

155 

3 

3 61 

2 63 


The ratio —QoJQo' (glucose), which gives a 
measure of the relative changes m respuation and 
aerobic glycolysis, mcreases from about 1 6 at the 
end of pregnancy to a maximum value greater than 
6 at the fifteenth day of lactation Smce the total 
m^iration of the abdommal glands mcreases at least 
I over this period (Table 2), it would seem 

at the increasmg activity of the mammary gland 
18 n(rt accompamed by any appreciable mcrease m 
Mrohio glycolysis The extra energy requirements of 
acfrtion appear to be met solely by mcreased 
ation Table 3 shows that Qq* mcreases after 
Weanmg, smce there is also an appreciable mcrease 
(T hf mutter content of the tissue at this tune 
IS ^ ufil mcrease m glycolysis at weamng 

pro ably somewhat greater than mdicated by -the 

quotients 


imlar results were obtamed m the absence of 
s rate, although under these conditions the ratio 
mspuation to glycolysis is higher The values for 

tbo mtm S’ (glucose) 

no, /„ r- show relatively httle 

chan substrate) 

6®, but there is an mdication of a shght mcrease 


other mammals as well, the mcreased energy 
requirements of lactation may mvolve an mcrease 
m blood flow Jung (1932) reported that the blood 
flow through the laotatmg goat udder was about four 
tunes the value for the dry gland, an mcrease m fair 
agreement ■with our estimate of a threefold mcrease 
m the total respuation of the abdommal glands m 
the rat 

Even more significant, because m a sense they are 
quahtative rather than purely quantitative, are the 
changes mE q (m glucose) TheB Q , well below umty 
at the end of pregnancy, has risen to umty shortly 
after parturition and thereafter rises -to a value 
of 1 6-1 6 winch IS mamtamed throughout lactation 
Despite criticisms of the ■vahdity of the b Q as an 
mdicator of metabohc processes (Soskm, 1941), it 
seems safe to conclude that the change m e q of 
mammary tissue at parturition implies a profound 
change m the mtermediary metabolism of the 
mammary gland at the start of secretion 

A brief consideration of what this change rmphes 
may not be out of place In prenous papers (Folley 
& Frencli, 1948o, 1949 c) we concluded that the high 



274 


S J FOLLEY AND T H ERENCH 


tn mtro b Q of lactating mammary tissue mdicates 
the synthesis of fat from oxygen-nch materials It 
IS probable, however, that even m late pregnancy, 
when then Q islow,somefatsynthesiBisproceedmg, 
andmdeed Popjak & Beeckmans (1949) has demon- 
strated the mcorporation of ^^0 mto the fatty acids 
of neutral fat isolated from the mammae of pregnant 
rabbits given labelled acetate There thus appears 
to be a turnover of fat m the gland even during 
pregnancy, but the high b Q foUowmg parturition 
given by shces of ruminant udder m the presence of 
acetate and of non ruminant gland m the presence of 
glucose (FoUeycSc French, 19486, 1949a) undouhtedly 
mdicates net synthesis of fat by lactating tissue 
We have suggested that part at least of the rndk fat, 
perhaps particularly the shorter cham fatty acids 
which distmguish it from body fat, is synthesized m 
the mammary gland itself from acetate (FoUey & 
French, 19486, 1949a) which the rummant absorbs 
m large quantities from the rumen Smce Bloch 
& Rittenberg (1945) have shown m the rat that 
considerable amounts of acetate are contmually 
produced, it seems likely that acetate is a substrate 
for synthesis of milk fat by the mammary gland m 
aU mammals The above mentioned experiments of 
Popj4k & Beeckmans (1949) confirm this for the 
rabbit Tlie apparent ability, as mdicated by the 
high B Q , of mammary shces from non ruminants, 
to effect net synthesis of fat from carbohydrate 
m vitro (FoUey & French, 1948o, 1949c) would 
be exphcable if the pathway from carbohydrate 
to fat passes through acetate Bloch (1947) does 
not favour this possibUity, but the position is ad 
rmttedly rather obscure, and further ^n mtro work 
on the mammary gland might weU help m clari- 
fication The mam difficulty hitherto heis been the 
mabihty of lactatmg tissue from non ruminants to 
utilize acetate tn mtro m contrast to shces from 
rummant udders (FoUey & French, 19486, 1949o), 
but m recent experiments (FoUey & French, 19496) 
we have shown that lactatmg mammary shces from 
rabbit and rat wiU utdize acetate m presence of smaU 
concentrations of glucose, then Q being above umty, 
and m the rabbit often greater than m the presence 
of glucose alone It seems that mammary shces from 
various species are subject to different hmitmg con- 
ditions, and it may be that non ruminant mammary 
tissue, which contams very httle glycogen (FoUey 
& French, unpublished), requires glucose to provide 
the glycerol necessary for glyceride synthesis, a 
process which may weU favour the synthesis of fatty 
acids Other possibUities are that glucose is necessary 
to provide additional carbon for fatty acid synthesis, 
as suggested by Bloch (1947), or to provide energy 
for the activation of acetate 

The onset of lactation mvolves a change from 
a condition characteristic of late pregnancy m which. 
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the product bears httle resemblance m composition 
to milk, to the post parturient state m which, pro 
vided suckling proceeds, large quantities of normal 
milk are secreted These events are accompamed by 
the foUowmg changes m the in mtro metabohc pro 
perties of the rat mammary gland (o) the metabohc 
rate mcreases to an extent difficult to assess from our 
data, but probably at least threefold, (6) the shces 
acquire the property of respondmg to glucose m the 
medium by an mcrease m respiration, (c) the e q 
mcreases above umty , and (d) the ratio of respiration 
to glycolysis mcreases 

The imtiation of lactation is under endocrme 
control, the chief feature bemg an mcreased release 
of prolactm, and perhaps of other hormones con- 
cerned m lactation, by the anterior pitmtary (see 
review by FoUey, 1947 a), and it would therefore 
seem hkely that a close relationslup must exist 
between the lactogemc hormone or hormone complex 
and the changes m the mammary gland metabohsm 
occurrmg at parturition 

The changes which foUow weanmg are also of 
mterest m tins connexion Witlun a short tune of 
removmg the htter the mammae exhibit changes m 
metabolism m the opposite direction from those 
which occur at parturition , the respuation decreases 
and, more significant, the e q qmckly drops below 
umty Weanmg also causes a defimte mcrease m the 
apparent aerobic glycolysis similar to that shown 
previously (FoUey & French, 1949 c) to be associated 
with the partial inhibition of lactation resultmg 
from manition or adrenalectomy Changes m 
mammary metabohsm foUowmg weanmg may be 
due to (o) the loss of the sucklmg stimulus, and (6) the 
effects, chemical or phj’sical, of non removal of rmlk 
No attempt has been made m the present work to 
assess the relative role of these two primary factors, 
but obvious test experiments, utihzmg the teohmques 
of Selye (1934), suggest themselves The sucklmg 
stimulus IS beheved to influence the function of the 
mammary gland tlirough a neurohormonal arc 
mvolving as its final, centrifugal link the release of 
prolactm by the anterior hypophysis (see FoUey, 
19476, for review), and the experiments of Selye 
(1934), and others, suggest that removal of the 
sucklmg stunulus may be the more important of the 
two above mentioned factors, at any rate m the 
early stages of weanmg Thus the changes m the B Q 
of mammary tissue at parturition and after wearung 
alike raise the question how far the physiological 
action of prolactm on the mammary epithehum, an 
action which the experiments of Lyons (1942) and 
Meites & Turner (1948) mvolving mtramammary 
duct mjection of prolactm show to be direct, is 
bound up with the promotion of reactions leadmg to 
synthesis of fat from oxygen rich materials Mam- 
mary tissue may weU prove particularly useful for 
an attack on this aspect of what is undoubtedly the 
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outstanding problem of endocrinology, the hormone 
enzyme relationslup 

The results for the imweaned group at 22 dB,yB of 
lactation seem to mdicate that the respiration and 
E Q have begun to dechne , but m order to study the 
normal course of lactation beyond this pomt it would 
be necessary to provide fresh htters so as to elimmate 
the effect of self weanmg of the young (Incidentally, 
self weanmg is shown by the mcreased miUc content 
of the glands at 22 days. Table 2 ) 

In conclusion, we may refer to the value of a more 
or less complete picture of changes m the respiratory 
metabolism of the mammary gland m relation to 
vanous phases of its physiological activity, such as 
IS provided by this work, as formmg a background 
for further studies of the biochemical mechanisms 
imolved m the synthesis of nmlk 

SUMMARY 

1 The respiratory metabohsm and acid pro 
duotion of shoes of rat mammary gland m the 
presence and absence of glucose have been 
studied during pregnancy, lactation and foUowmg 
weaning 

2 — Qoj IS low at the end of pregnancy, but has 
increased considerably on the day foUowmg partun 
tion, thereafter the values rise to a maximum value 
of approximately 10 at nud Iswtation Interprets 
tion of these changes is comphcated by changes m 
the dry matter content of the tissue, which by mid 
lactation has fallen to less than half of the value at 
the end of pregnancy However, calculation of the 
total respiration of the abdominal mamm ary glands 


mdicates that the mitiation and subsequent mcrease 
m the mtensity of lactation are accompamed by 
a true mcrease m the respiration 

3 The effect of glucose m mcreasmg the respira 
tion of mammary gland shces is only seen m lactatmg 
tissue 

4 The E Q (m glucose) is weU below umty at the 
end of pregnancy, but has risen to nmty on the 
day following parturition, thereafter it rises to a 
maximum of approximately 1 6, which is mamtamed 
throughout most of the laxjtation period In absence 
of substrate, the B q remamsbelowumtythroughout 
lactation 

6 Lactatmg gland shows a higher value for 
than the gland at the end of pregnancy , the mcrease 
is, however, largely an artifact due to the changes 
m the dry matter content of the tissue The extra 
energy requirements of the lactatmg gland seem to 
be met solelv by mcrease m respiration 

6 Weanmg is followed by a sharp fall m respira 
tion, the change m Qo, bemg too great to be 
attributed to the relatively shght mcrease m the dry 
matter content of the tissue which occurs at this 
tune Further, the b q decreases below umty and 
the apparent aerobic glycolysis rises 

7 The significance of the results is discussed m 
the hght of possible mechanisms of fat synthesis m 
the mammary gland, tind of relationships between 
anterior pituitary hormones and changes m mam 
mary gland metabolism 

We are indebted to Dr S K BLon for extending to ns the 
facibtieB of his rat colony, to Dr A. L Qreenbaum for some 
lactose determinations, and to Mr S C Watson for skilled 
technical assistance 
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There has been much discussion as to how tryptophan 
affects mcotmarmde metabohsm It is generally 
behoved that a direct conversion of tiyptophan into 
nicotmarmde takes place and many experiments 
have been earned out to elucidate the route of this 
conversion Elhnger & Abdel Kader (1949c) ob 
served that m Escherichia colt the bios 3 mthesis of 
mcotmamide from a mm onium lactate and ormthme 
was completely mlubited by dl 2 , 4 , 6- and 7- 
methyltryptophans m 2 m&r concentrations, growth 
not bemg affected This inhibition suggested, m 
the hght of Fildes’s (1940) theory of metabohte 
antagonism, that tryptophan is actively mvolved 
in the bios 3 mthesis of mcotmarmde Heidelberger, 
Gullberg, Morgan & Lepkowsky (1948) found 
recently that after administration of dl tryptophan 
labelled m the ^-position of the side cham with 
to dogs, rabbits and rats, kynurenme and kynuremo 
acid ehnunated m the urme contamed the labelled 
carbon atom, but that the urmary mcotmamide 
methochloride was free from radioactivity These 
results suggested the possibdity of tryptophan not 
bemg directly converted mto mcotmamide, but 
havmg a catalytic coenzyme like action m the bio 
synthesis of mcotmarmde The present paper deals 
with experiments to test this hypothesis 

EXPERBMENTAL 

Expenments were canned out in vitro with mixed cultures 
from rat eaecum content and with pure cultures of E colt, 
and in mvo with rats 

Material used The mixed cultures of rat caecum content 
were prepared m the foUowmg way rats which had been 
found to have a high mcotmamide methochlonde elimin ation 
were gassed, and immediately afterwards the content of the 
caecum was placed m weighmg bottles under sterile con 
ditions One portion (about 200 mg wet weight) was ground 
m a mortar with 10 ml peptone water to form a homo 
geneous suspension and the rest was dried to constant weight 
m orderto calculate the dry weight of the suspended material 
Erom the suspension and from dilutions prepared from it 
agar plates were moculated and smears were made m order 
to obtam quahtative and quantitative information about the 
organism present There was a great variety of organisms 
contamed in the mixed cultures The most frequent types 


* Some of the results presented m this paper were com- 
mmucated to the Biochemical Society on 4 December 1948 
(Elhnger t Abdel Kader, 1948) 


were hitherto umdontified cocci growmg on agar m mmute 
colonies, various strains of streptococci, staphylococci and 
cohform baciUi Their relative frequency m the caecum 
content was about 8000 100 80 1, respectively In addition, 
a number of other organisms (acidophilus, Proteus, Gram 
positive COCCI and diplococci. Gram negative oval cocci and 
Gram positive bicilh) were occasionally found The E coli 
used were the strains 3c and 4c isolated from human and rat 
faeces respectively, which were classified as type I faecal 
(Ministry of Health, 1939) The bactena were grown on agar 
slopes and fresh cultures were made m ammomum lactate 
for moculation 

Six rats used m the in vivo experiments were cross breds 
from the hooded Lister stock and P EUmger’s albmo stock, 
of both sexes, about 4 months old and weighing 289-320 g 
They were kept on the mixed diet desonbed previously 
(Elhnger, Fraenkel & Abdel Kader, 1947) Their average 
daily mcotmamide methochlonde output and their response 
to mcotmamide had been exammed for several months 

Salt solutions The following solutions were used for 
mcubation (1) saUne solution 0 89% (w/v) NaCl, (2) am 
momum lactate solution (Fildes,1938), (3) sahne phosphate 
solution KH2PO4, 4 6 g , Na(ll, 1 0 g , MgSOi, 0 02 g , 
FeSOj, 0 02 g , m 400 mL water, adjusted with NaOH to 
pH 7 6,4 mL of this solution were made up to 10 ml with 
water, (4) s alin e phosphate glucose solution glucose was 
added to solution (3) to a final concentration of 1 msi., 
(6) casern hydrolysate solution (Barton Wnght, 1944) 

Analytical methods Estimations were earned out m 

dupheate Thegrowthofbaotenawasmeasuredbycompanng 

the opacity of a suspension with that of a standard (Brown, 
1919) Nicotmamide was assayed microbiologicaUy (Barton 
Wnght, 1944) either m the medium alone after removmg the 
cells on the centrifuge, or m the medium and organisms after 
autoclaving Nicotinamide methochlonde was measured 
by the acetone method (Huff & Perlzweig, 1947) Free 
tryptophan (without mdole) was estimated by the method 
of Horn & Jones (1946) nL-Tryptophan from different 
sources was used for the rat expenments, commercial 
samples from Glaxo Laboratones Ltd and from Roche 
Products Ltd ,unpunfied, for bactenal expenments the same 
samples, unpunfied and purified by repeated reorystalhza 
tion, and one sample prepared and kmdly snpphed by 
DrB L M Synge Nodifferencewasobservedmtheiraction 

General arrangement of the expenments 

In order to measuye the consumption of tryptophan dunng 
the synthesis of mcotmamide, casern hydrolysate and 
ammomum lactate solutions without or with the addition 
of 2 TTiM DL-tryptophan, and 2 mJi DL-ormthme dihydro 
chlonde were moculated with a heavy inoculum of pure 
culturesofE colt 4c, the sahne washings of broken E coliic 
or a mixed culture firom the rat caecum and incubated at 
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37° for 48 iir Nicotmamido and freo tryptophan in tho 
solntion were measured before and after incubation 
The effect of washing tho cells on their abihty to syn 
theme nicotinamide from ammonium lactate and on the 
effect of tryptophan on. this syntheais vras studied A 48 hr 
culture of E colt m casern hydrolj^to was centnfaged and 
the organisms were washed with water Samples of the 
Buspension (76 x 10* orgamsms/ml ) were examined for 
nicotinamide production in an ammomum lactate medium 
m the absence and presence of 2 nui Di>tryptophan, of the 
unwashed cells and 3, 6 and 9 times washed cells The samples 
were prepared by addmg 0 6 ml of a culture containing 
15 X 10’ organisms/ml to 9 6 ml of salt solution 
The dependence of the mcotinamide formation by washed 
E roll on the concentration of the tryptophan was examined 
m the following way E cdli 4c, washed 3 times with water, 
were suspended in ammonium lactate solution contammg 
various concentrations of nn tryptophan, meubated at 37 
for 48 hr and the mcotmamide content was measured In 
order to obtam more detailed information on the bio 
^thesis of mcotmamide when the enzyme system mvolved 
was freed from all possible substrates, fire^ E colt cells 
washed 4 times with water and then suspended in saline 
were dismtegrated mechamcally (Curran & Evans, 1942) 

A portion of the broken cells was washed several times with 
saline, port of the washings was dialysed through cellophan 
against sahne under sterile conditions at room temperature 
for 48 hr The outside solution was changed 3 times and 
contmuouflly stirred mechamcally during the dialysis The 
completeness of the dismtegration was exammed by plating 
and takmg viable counts at the various steps The washed 
cells, the broken cells, the sahne washings before and after 
dialysis and the exhaustively washed cell fragments were 
used for one or other of the following experiments They 
were incubated m either sahne phosphate, sahne glucose 
phosphate or ammomum lactate solutions m the absence or 
presence of DL-tryptophan, nir^rmthme dihydrochlonde or 
both at 37° for 48 hr Tho mcotmamide content of the 
solution was estimated after mcubation 
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Expentnents vntJi hactena 

In all microbiological experiments two to three 
parallel experiments were earned out which gave 
similar results to those reported m detail Experi- 
ments to relate the consumption of tryptophan to 
the synthesis of mcotmamide durmg mcubation are 
given m Table 1 Although the growth of the pure 

cultures of jB7 cob used was good, no marked diminu- 
tion of tryptophan was observed with the 
used, winch is rather insensitive but is probably the 
best existmg procedure 20 pg /ml is the lower ^ 
of assay and the standaxd deviation is about ± 6 /o 
Bv concentratmg the salt solutions to be exammed 
^n vacuo, amounts of 1 pg /ml might be measumd 
with a standard deviation of about ± 10 % Similar 
experiments earned out with washed “^s and 
washings of broken cells also showed no detect^le 
consumption of tryptophan durmg mcubation, while 
meaBurable amounts of mcotmamide were formed 
However, the amounts of mcotmamide formed are 
very small compared with those of the tryptophw 
pre^nt m the medium and the method used for the 
former is about ten thousand tunes mom sensitive 
than that employed for tryptophan ’Ihe resits 
with pure E coh are therefore not conclusive By 
contrast the tryptophan consumption of i^ed 
cultures (Table 1) durmg mcotmamide synthes:a 

m both ammomum lactate omithme tr^tophan 

and m casern hydrolysate solution « 
outside the limit of error of the method Growth was 

also considerable m these expenmrats 

When E coh cells were washed repeatedly wito 
tial expenmenls The rata were kept m metabolism cages, ^^ater they gradually produced less nicotmami o 
thowinewaacolleoteddaily andnicotmanudoitiethoohlondo (Table 2) The mcotmamide syiitbesis, howev^, w 

ehmination was detenmned. At mtervals of 3 or 4 days tho j^p^ays restored to tho level of the imwashed ce 

rats were given either i)i,-tryptophan or mcotmamide m o Tmw tryptophan was added, with the washed 

doses rifling from 20 to 400 mg and firom 2 6 to 60 mg enrowth was observed The relative effect 

respectively These compounds were administered either , u „ tVip, nvothesis of mcotmamide as 

“rally by mmng them t^ronghly with the food and con of tryptophan on the synthesis 

Table 1 Oontent of tryptophan and nicoitnanvidc of 


Inoculum 
cdt 4c 


Salmo vashingB of 
broken up E coh 4c 
cultures from 
cuo^rum 


Salt solution 

Ammomtnn laotato 
Ammonium lactate + onuUuno 

(2 him) 4‘i>i/-tryptophan (2 2mM) 
Casern hydrolysate 
Ammomum lactate +BT>tryptophan 
(1 9mM) 

\mmomum lactate 
Ammomum lactate + BB-omi thine 
(2 mil) + Dii-tryptophon (2 2 mM) 
Casern hydrolysate 


Tryptophan content of 
salt solution (pg /ml ) 

ITicotmamide content 
of shit solution and 
organisms {pg /ml ) 

r 

Before 

incnbation 

After 

mcubation 

Before 

mcubation 

After 

mcubation 

<20 

<20 

10 

32 

442 0 

4414 

8 

49 

87 6 

87 7 

25 

40 

382 8 

383 1 

0 

27 

<20 

<20 

16 

31 

4400 

385-4 

12 

33 

87 7 

712 

10 

25 




18 
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compared mth the control (without tryptophan) is 
greater m washed than m untreated cells This 
effect 18 presumably due to the decreased nicotm- 
amide synthesizmg activity of the cells, caused 
by the washmg 

Concentrations of dl tryptophan up to about 
0 1 mM had no stimulatmg effect on the mcotmamide 
synthesis by washed E coli m ammonium lactate 
solution At a concentration of 0 3 mAr a marked 
mcrease was observed and the stimulatmg effect 
reached its maximum at concentrations of 1—2 mM 
Higher concentrations did not produce any further 
mcrease m mcotmarmde synthesis 

Table 2 The effect of repeated washings of E coh 4 o 
on the mcottnaintde synthesis in ammonium lactate 
solution and on its increase by tryptophan 

(In all tubes the concentration of the cells was about 
40 X 10* orgamsuifl/niL) 


No of washings 
Salt solution 
Ammonium lactate 
Ammonium lactate 
+2mM DL-tryptophan 

Table 3 The effect of mnous concentrations of dl- 
, tryptophan on the nicotinamide synthesis in 
ammonium lactate solution by washed E coh 4c 


Tryptophan 

Niootmamide content 
of Balt solution 

concentration 

and organisma 

(mM) 

(m;ig /ml ) 

0 

10 

01 

11 

03 

16 

10 

26 

20 

26 

60 

24 

10 0 

24 


Niootmamide content 
of salt solutions and 
oiganisms /ml ) 

A 

0 3 6 9 

28 15 7 6 5 0 

28 28 29 28 


Table 4 Nicotinamide synthesis by washed and by 
broken E coh 4o tn ammonium lactate solution in 
the absence or presence of ornithine, tryptophan or 

Washed coh. 


Compound added 

None 

DL-Ormthine (2 mM) 

Dt Tryptophan (1 mil) 
DL-Tryptophan (2 mM) 
Mi-Omithine (2mM) +dl 
Tryptophan (1 mil) 
DL-Ormthme (2mii) +di> 
Tryptophan (2 tom ) 


mcotmamide Broken!® coh. 


content of 

mcotmamide 

salt solution 

content of 

and organisms 

salt solution 

(mpg /mL) 

(mpg /mL) 

63 

76 

60 0 

60 0 

32 6 

32 6 

38 6 

36 6 

49 0 

480 

49 0 

60 6 


Synthesis of mcotmarmde was also observed on 
incubation of ivashed A7 coh, broken cells (Table 4), 


and undialysed or dialysed washmgs (Table 6) of 
dismtegrated ceUs, m ammomum lactate solution 
alone or with either tryptophan, ormthme or both 
tryptophan and ormthme Ormthme mcreased the 
synthesis considerably as did tryptophan, but the 
synthesis m the presence of ormthme was not 
markedly affected by simultaneous addition of 
tryptophan When the same experiment was earned 
out m salme phosphate solution no mcotmamide was 
formed m the absence or presence of tryptophan 
alone, but mcotmarmde was produced m the presence 
of omitlune by undialymed and dialysed ceU waslimgs 
No mcotmamide was formed m sahne phosphate 
solution containing tryptophan by washed cells even 
m the presence of glucose, or by sahne washmgs of 
broken cells No mcotmarmde was formed by 
washed cells, broken cells or cell washmgs m 1 % 
sahne solution m the presence of ormthme or trypto 
phan or both of them No mcotmaimde was formed 
by the exhaustively washed ceU fragments m either 
solution with or without added tryptophan or 
ormthme 

The enzyme systems mvolved m the mcotmaimde 
synthesis were contamed m the sahne waslimgs of 
the broken cells and retamed their mcotmarmde 
synthesizmg activity after dialysis E coh 3 c be 
baved similarly to E coh 4 c 


Experiments with rats 

When rats (Table 0) were given nsmg doses of 
mcotmamide by mouth the urmary ehimnation of 
mcotmarmde methoclilonde mcreased proportion 
ately to the dose administered The mcrease vaned 
mdividuaUy m the different rats, but m the same rat 
it rose m proportion to the dose given for doses be 
tween 2 6 and 60 mg The response to mtraperi- 
toneaUy administered mcotmamide was m aU six 
rats lower than when mcotmaimde was given by 
mouth When tryptophan was given by mouth m 
doses of 60 mg and more, there was an mcrease m 
mcotmamide methoclilonde output proportional to 
the dose administered up to about 200 mg Above 
this level no further mcrease of mcotmarmde metho- 
chlonde ehrmnation occurred m any of the six rats 
When tryptophan was mjected mtrapentoneaUy no 
mcreased mcotmamide methochlonde output was 
observed m either rat after doses up to 100 mg and 
only a very shght increase m two rats after doses of 
200 mg 

DISCUSSION 


SUmger & Abdel Kader (1049o) showed that trypto- 
ihan increased the mcotmarmde synthesis by mixed 
lultures from the rat faeces or caecum content, hut 
lot that by pure cultures of E coh This action had 
jeen attnbuted to an ability of some organisms of 
he mixed cultures, but rmssmg from E coh, to spht 
he tryptophan molecule m such a way that the 
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Table 6 Ntcotinamide synthesis by undialysed saline washings of broken cells of 'E coli 3 c and 4 c and dialysed 
washings of E cob. 4c in ammonium lactate and saline phosphate solutions in the absence and 
presence of dl ornithine and dl tryptophan 




Nicotmamide content of waahingB 

_ _ _ A 

Salt Bolutions 

Compound added 

Undialyaed 

E colt 3c 
(mpg /ml ) 

Undialyaed 

B coll 4c 
(mpg /mL) 

Dialysed 
E coil 4c 
(mpg /ml) 

Ammomum lactate 

None 

63 

10 6 

12 6 


DL-Ormtlune (2 mii) 

36 0 

40-0 

33 6 


DL-Tryptophan (2 mil) 

260 

37 0 

400 


m-Onutlnne (2mM) + DL-tryptophan (2mM) 

360 

400 

36 0 

Salme phoapbate 

None 

0 

0 

0 


Dii-Ormthme (2 mii) 

16 0 

26 0 

12 6 


DL-Tryptophan (2 mu) 

0 

0 

0 


DL-Oiiuthme (2mu:) + DD-tryptophan (2 mn) 

16-0 

26 0 

12 6 


Table 6 The urinary elimination by rats of nicotinamide methochlonde following oral 



or parenteral administration of nicotinamide or dl tryptophan 




Dose 

Route of 

Increase 

m mcotmamide methochlonde output (mg ) 

A 

Compound tested 

(“g) 

administration 

Rat 1 

Rat 2 

Rats 

Rat 4 

Nicotmamide 

26 

Oral 

1704 

1099 

1068 

2 062 


6 0 

Oral 

6 128 

2 423 

2 624 

6 146 


10 0 

Oral 

8138 

6 871 

6 249 

9 402 


20-0 

Oral 

16 133 

10 210 

11947 

16 670 


60 0 

Oral 

28 389 

18 280 

28 886 

40 117 


10 0 

Intrapentoneal 

2 931 

4 136 

6 424 

6 688 

DL-Tryptophan 

20 

Oral 

0 

0 

0 

0 


60 

Oral 

1246 

0-631 

0 300 

1630 


100 

Oral 

3 132 

1395 

0460 

2-400 


200 

Oral 

6 909 

2 666 

1 149 

4 076 


400 

Oral 

6 493 

2 650 

1 125 

3 039 


60 

Intrapentoneal 

0 

0 

0 

0 


100 

Intrapentoneal 

0 

0 

0 

0 


200 

Intrapentoneal 

0 840 

0 085 

0 

0 


Expemnenta ■with two more rate revealed essentially similar results 




latter could be utihzed by E coli for the synthesis c 
nicotmamide When washed cob, instead of ui 
treated cob, were examined for their abibty t 
sjmthesize nicotmamide and the action of tryptc 
phnn on this sjmthesis, it was found that tryptopha 
mcreased nicotmamide production by the washe 
celfa as compared with the control m ammomui 
lactate solution m a smular way as was found wit 
i^xed c^tures The systematic exammation of th 
effect of related waslnngs on the mcotmamid 
production by E coli and on the tryptophan actio 
^ the simthesis {Table 2) showed that waslim 
gradiialh dn^ahed the synthesizmg power of th 

added trypti 

phnn The apparent relatue mcrease m m^ 
amide m-ntbosis bj added tn-ptophan as compare 

onect of tri-ptoplmn on tlio nicotmamide synthea 

teimte ? ^ ^ a reduce 

triptophan concentration of the medium That th 


was so, was shown by mvestigation of the tryptophan 
content after mcubation of mixed cultures (Table 1) 
This was considerably reduced dunng mcubation 
and mcotmamide synthesis ^Vhethe^ the unchanged 
tryptophan content of the salt solutions of pure 
E coll cultures dunng growth and nicotmarmde 
synthesis was due to tryptophan formation equal 
to tryptophan destruction or to the fact that changes 
were too small to be detected by the method of 
assay could not be decided 

The experiments show, at least, that with pure 
cultures of E coli mcotmarmde sjmthesis is not 
accompamed by a marked consumption of trypto 
phan as m the case of mixed cultures The con- 
centration of trjptoplian optimal for maximum 
nicotmamide formation was found to be 1-2 mil 
(Table 3) and the concentration of about 2 mil was, 
therefore, used m all experiments 

The facts discussedso far, namely, that tryptophan 
stimulates nicotmamide sjmthesis bj E coli m 
ammomum lactate solution only when its concentre 
tion m the cells is suboptunal, that its concentration 

18-2 
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m mixed cultures is sutoptimal and consequently 
the nicotinamide synthesis by these mixed cultures 
IS stimulated by added tryptophan and that rising 
concentrations of added tryptophan mcreasemcotin- 
amide synthesis by -washed eoh cells proportionally 
to its concentration only until the optimal level is 
reached, can best be explamed by a catalytic action 
of tryptophan m the mcotmamide synthesis by 
J3 coh Moreover, the fact that no mcotmamide is 
formed by undialysed or dialysed washmgs of broken 
cells -when -tryptophan, but no other source of 
mtrogen, is present m the salt solution (Table 6) 
supports this hypothesis 

As had been shown (EUmger & Abdel Kader, 
1949 a) mcotmamide synthesis by E coh is mde 
pendent of the mtactness of the cell structure This 
IS confirmed by the results sho-wn m Table 6 More- 
over, the fact that the enzyme system is contamed 
in the washmgs of the broken cells and can be 
dialysed -without loss of activity, made it possible 
to remove aU soluble and dialysable substrates from 
the enzymes 

It had been suggested that ormthme noight be an 
intermediate m the biosynthesis of mcotmamide 
(Klem & Linser, 1932, Guggenheim, 1940, Elhnger 
&AbdelKader, 1949o) In the presence of ormthme, 
tryptophan had very httle or no effect on mcotm- 
amide synthesis by either of the coh preparations 
If ormthme is formed as an mtermediate the 
findmgs would mean that tryptophan is mamly 
mvolved m the early stages of the mcotm- 
amide synthesis, 1 e from ammoma and lactate to 
ormthme 

The experiments on rats (Table 6) confirmed the 
findmgs of Sohweigert & Pearson (1947) and of 
EUmger & Abdel Kader (1949a) that tryptophan 
mcreases the mcotmamide methochlonde output to 
a far higher degree when given orally than parenter- 
aUy The differences were, ho-wever, much greater 
than described before, of six rats only -two showed 
a slight mcrease after mi rntrapentoneal admmistra 
tionof200ing ni. -tryptophan These results mdicate 
clearly the importance of the mtestmal flora for the 
mcotmamide savmg action of -tryptophan If the 
tissues are concerned with this action at aU, this cim 
only be of secondary importance 

The fact that nsmg doses of tryptophan mcrease 
the mcotmamide formation, as mdica-ted by the 
unnary ehmmation of its methyl denvati-ve, up to 
a maximu m which could not be raised by larger 
doses of -tryptophan -though it could be by mcotm- 
amide apphcation, mdicated that a kmd of -trypto- 
phan saturation has to be reached to obtam optimum 
mcotmamide formation The raaxmmm was reached 
m each of six rats of about 300 g when 200 mg 
of Di, tryptophan were orally administered If one 
^re to assume an even distribution of the ingested 
tryptophan over the -whole body, this would mean 


that saturation was reached at a concentration of 
3 3 mu This assumption of even distnbution is 
certainly mcorrect and a comparison between rat 
and E coir, is not admissible But it may be noted 
that m both rat and E coh maxunum mcotmamide 
formation was observed -with tryptophan concentra 
tions of the same order The results -with the rat also 
support the conception of a catalytic action of 
-tryptophan m mcotmamide biosynthesis However, 
there are some apparent objections to this concep 
tion a catalytic action would mean that -tryptophan 
would play the role of a coenzyme m the mcotm 
amide synthesis and the methyltiyptophans sub 
stituted m the mdole nucleus would, therefore, be 
metabohte antagonists to a coenzyme No such case 
has been described so far The concentration of 
tryptophan producmg optimal mcotmamide syn 
thesis compared with the amount of mcotmamide 
synthesized is high and this is unusual for a catalyst 
But catalytic reactions are kno-wn which reqmre 
a fairly high concentration of the catalyst, e g mckel 
m catalytic hydrogenation or al uminium chloride 
m Enedel and Graft’s reaction 

SUMMABY 

1 The effect of tryptophan has been studied on 
the biosynthesis of mcotmamide by -washed and 
broken E coh, by undialysed and dialysed -washmgs 
and washed fragments of the broken cells, m -vanous 
salt solutions 

2 The effect of nsmg doses of tryptophan on the 
mcotmamide methochlonde ehmmation by rats has 
been exammed 

3 Nicotmamide was formed 'i^y -washed and 
broken E coh and by then undialysed and dialysed 
washmgs, but not by exhaustively washed ceU fiag- 
men-ts, m saltsolutions contammgBource^f mtrogen 
other than tryptophan, such as ammomuip 10 ns or 
ormthme, the formation -was moreased by the 
addition of tryptophan 

4 No nicotmamide was formed by these cell pre 
parations m the presence of tryptophan when no 
other source of mtrogen -was present 

6 The effect of nsmg doses of tryptophan on the 
mcotmamide synthesis by -washed E coh reached 
a mn.-gTrr\xim at concentrations of 1—2 mH , a further 
mcrease of the concentration did not mcrease the 
synthesis of nicotmaimde 

6 In rats comparative experiments on the effect 
of tryp-topban administered either orally or mtra 
pentoneally confirmed the importance of the 
mtestmal flora for the action of tryptophan on the 
mcotmamide metabolism By feeding nsmg doses 
of tryp tophan it -was shown that as m E coh a 
saturation pomt could be reached 

7 The hearmgs of these findmgs on the possible 
role of tryptophan m the biosynthesis of mcotm 
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aimde are discussed It could best be explained by 
a kind of catalytic action of tryptophan on the 
nicotinamide synthesis 

NOTE ADDED 7 APRIL 1949 

Since this paper -was submitted, Heidelberger, 
Abraham (feLepkowsky (1948) have reported feedmg 
DL tryptophan labelled m the /3 position of the side 
cham with to rats, mcotmaimde methochlonde 
elmnnated after mgestion contamed a labelled C atom 
m the carboxyhc acid group This does not, however. 


prove, as is claimed by these authors, that ‘the 
conversion proceeds m the same fashion m the rat 
as m Neurospora ’ 

This work was earned out with a grant for expenses fiom 
the Medical Research Council to one of the authors (P^ ) 
We wish to express our thanks to Dr A Eminanuelowa for 
onltnrmg and classifying the E cob used and to Miss J Pm- 
sent, B So , for disintegrating the E coii,toDrM.R Pollock 
for valuable advice and to Dr Q P Gladstone for reading and 
criticizing the typesenpt and to Miss A. Fullerton for 
technical assistance 
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Some Observations on the Armno-acid Distribution of Collagen, 
Elastin and Reticular Tissue from Different Sources 


By J H BOWES aot) R H KENTEN 
British Leather Manufacturers' Besearch Asaoctahon, London, SM 1 


(Received 8 April 1949) 


By histological methods three types of connect] 
tissue can be shown to be present m skins , coUagi 
elastic fibres and reticular tissue Collagen, m t 
form of white bundles of mterweavmg fibres, mal 
up the ^ter part of the skm, the elastic fibres £ 
^lo yellow m colour and occur mainly m the git 
layer . rotioulor tissue occurs around fat deposits a 
possibly as sheaths round the collagen fibre bund 
(Dein^oy, 1 WO) It is extremely difficult to isols 

tiesctlirce different tissues fromskins Tissues whi 

stain similarly can be isolated fairly readily fre 
other parts of the animal body elastic fibr^ fre 
the li^mentum nucliae (Vandegnft & Gies, 19C 

m sk?n ^ ^ identical with those occurm 

in skin, however, more conclusive endence thi 
stainmg reactions is required ^aence tin 


The arm of the present mvestigation was to 
determme what major differences m composition 
existed between the three mam types of connective 
tissue, and to obtam information as to whether 
similar tissue preparations from different sources 
had the same composition 

EXPERIMENTAL 
Analytical methods 

Total N, amide N, ammo N and titration curves were 
determmed as desenbed by Bowes A Kenten (1948a) 

Preparation of samples 

Ox hide and alkah treated sheepskin collagen were pre 
pared as previously described (Bowes A Kenten, 1948 a, 6) 
Reticular tissue was prepared from lymph nodes and from 
the adipose tissne of ox The wet lymph nodes were shced, 
extracted with 5% (w/v) NaCl, washed and macerated with 
manv changes of 30 % ethanol m water The fibrous mass was 
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dehydrated m 98% ethanol, extracted with light petroleum 
at 35° and air dried Sheets of tissue from the fat deposit of 
an ox were mechanically freed from fat, extracted with hght 
petroleum at 36°, washed with water and ethanol and dried 
m air 

The total N of the reticular tissues was rather lower than 
that of the collagen or elastm The amide N was higher than 
that of elastm or of alkah treated sheepskm collagen, and 
of the same order as ox hide collagen (Table 1) 

Table 1 Analyses of connective tissues 


(Moisture and ash free basis ) 


Preparation 

Total N 
(%) 

Amide N 
(mmoL/g ) 

Ammo N 
(mmol /g ) 

Collagen (ox hide) 

18 6 

0 68 

0 46 

Collagen (sheepskm, alkah- 

17 3 

0 36 

0 36 

treated) 

Elastm (hgamentum 

17 0 

0 20 

0 07 

nuchae) 

Eetioular tissue (adipose 

161 

060 

— 

tissue) 

Reticular tissue (lymph 

161 

0 68 

— 


nodes) 

EhCstm was prepared from the hgamentnm nnchae of 
a freshly slaughtered ox The tissue was freed from adhenng 
matter, cut mto approximately 0 6 cm cubes, extracted 
with 10 % (w/v) NaCl, washed free from salt, dehydrated 
withacetoneand extracted withhghtpetroleum(b p 40-60°) 
ma Soxhlet for 12 hr The air-dned matenal (180 g ) was a 
pale yellow colour (N content 16 3%, moisture and ash 
free basis) To remove collagen, 168 g of this matenal were 
autoclaved with 500 ml water for 2 hr at 120° The super 
natant hquorand the hot-waterwashmgs were combmed and 
the total N extracted determmed (see Table 2) (Increasing 

Table 2 Soluble nitrogen extracted from 
hgamcntum nuchae 

Nitrogen extracted 

, ^ V 

Extractions (% dry tissue) (% total N) 


Durmg autoclavmg 

2 00 

14 92 

Subsequent extractions 



with water 



First four 

0 81 

6 05 

Fifth 

0 066 

0 49 

Sixth 

0 035 

0 26 

Seventh 

0 008 

0 08 

Eighth 

0 010 

0 08 

Total 

4 921 

21 86 


the time of autoclavmg to 3 hr caused no appreciable 
mcrease m the N extracted ) The autoclaved matenal was 
given eight further extractions of 1 hr duration with 360 ml 
portions of boihng water, and the total N removed m these 
extractions determmed (Table 2) The elastm was de 
hydrated with acetone, agam extracted with hght petro 
leum and air dned (132 g ) Assuming that the residual 
matenal is elastm, the hgamentum nuchae after extraction 
with salt and removal of fat contained about 78 % elastm and 
22 % collagen This is m agreement with the value of 81 % 
elastmfoundby Vandegnft&Gies (1901) and later by Lowry, 
GiUi gan & Katersby ( 1941) for elephant hgamentumnncbae 


1949 

The value for the total N of elastm (Table 1) is m agreement 
with previously determmed values (Zoja (1897^ 16 96, 
Richards A Gies(1902), 16 87, Stem A Miller (1938), 17 1%) 
The amide N, however, is appreciably lower than the two 
other values reported m the hterature (Horbaczewski (1882), 
0 41 , Stem & Miller (1938), 0 38 mmol /g ) , this is probably 
due to the fact that under the conditions used m earher 
methods N, other than amide N, was returned as NHj 

RESULTS 

Titration curve of elastm 

The titration curve of elastm with hydrochloric acid 
m the presence of 0 Sii-sodium chloride is given m 
Fig 1, together with the corresponding curve for 
ox-hide collagen The elastm shows an isoelectric 
pomtm the neighbourhood of pH 6 The curve shows 



Eig 1 Titration curves of elastm and ox hide collagen 
m the presence of 0 6 m NaCl 


a tendency to flatten between pH 2 0 and 1 6, but as 
the pH decreases further the amount of acid bound 
begins to mcrease agam This may be due to 
titration of fauly strong acid groups or of some 
weakly basic groups The soluble mtrogen of the 
final solutions at pH values below 2 0 was only of 
the order of 0 6 mg /g elastm, mdicatmg that there 
was httle solubilization of the protem The cumm 
mdicates the presence of at least 0 2 mm ol basic 
groups per g elastm 

Paper partitwi chromatography of samples 

The techmque described by Consden, Gordon A Martm 
(1944) was followed The air dry tissue (10±lmg) was 
hydrolysed with 0 6—1 0 ml 6 n HCl at 100° for 24—30 hr 
The hydrolysate was concentrated three times in vacuo^ 
dissolved m 0 2 ml water, and 10 /d apphed to a large sheet 
of 'Whatman no 1 filter paper The ohromatogram was mn 
m one direction with e colhdme m an atmosphere of diethyl 
amme and HCN, and m the other direction with phenol m an 
atmosphere of NH3 and coal gas The chromatograms wore 
exammed immediately after ^raymg with ninhydrm, and 
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an estimation of the ammo acids present made from the size 
and colour mtensity of the spots (Table 3) The strongest 
spots were arbitrarily assigned the value 9 and those just 
viBiblo m a good light 1 Prolme and hydroxyprohne, which 
give yellow and orange colours respectively, were assessed 
as strong (S), medium (51) and weak (W) 

Qualitative analyses by two dimensional paper 
chromatographs of the reticular membrane from fat 
deposits and of elastm from hgamentum nuchoe 
have been reported (Jordan Lloyd, 1946) In general 
the results agree, except that Jordan Lloyd reports 
the presence of hydroxyprohne m elastm, this may 
be due to mcomplete removal of the collagen This 
author also reports that reticular tissue from fat 
deposits contains no tyxosme or hydroxylysme, 
whereas these were present m small amounts m our 
preparations Consideration of the figures m Table 3 
shows that elastm differs from collagen and both 


reticular tissue is converted to gelatm and a loose 
powdery substance which he terms ‘reticnlin’ and 
which only slowly passes mto solution Both tissues 
lost approximately 60 % m weight, but while the 
chromatogram of the lymph-node tissue was not 
appreciably changed, that of the reticular tissue 
from the fat deposits showed a defimte decrease 
m hydroxyprohne This suggests that this reticular 
tissue contained some collagen, and, m confirma- 
tion, the aqueous extract obtamed on autoolavmg 
formed a gel, while a similar extract from lymph 
nodes did not (see also Bate Smith, 1947) On 
autoclaving for 18 hr at 106°, 73 mg of the air- 
dry reticular tissue from the fat deposits gave a 
residue of only 0 mg This residue resistant to auto- 
claving might be expected to be elastm, but the 
paper chromatogram showed that this was un l ik ely 
smce it contamed appreciably more of the di- 


Table 3 The amino-actd d^stT^bui^on in some preparations of connective tissues 
as indicated by the relative intensities of spots on paper chromatograms 


Reticmlar tissues 


hlatenal 

Source 

Ammo-acids 
Alanine 
Glyome 
Lcucme, etc • 
Phenyl^mne 
Vahne 
Cysteio acid 
Serme 
Thieonme 
Tyrosmo 
Argmmo 
Histidme 
Hydroxylysme 
Lysmo 
Aspartic acid 
Glutamic acid 
Trolmo 

Hj droxyprolme 


Collagen , ^ , Collagen residues 


( * \ Lymph nodes Fat deposits , — * s 

Alknh , , , * , Alkali 


Ox hide 

treated 

aheop 

akm 

Elastm 

Ligamentum 

nuchae 

/ 

Macerated 

, 

Auto 
claved 
4 hr 

/ 

Extracted 
with hght 
petroleum 

Auto 

claved 

3hr 

s 

Auto- 
claved 
18 hr 

Ox hide 

treated 

sheep 

akin 

7 

7 

9 

8 

8 

9 

8 

8 

6 

9 

9 

9 

9 

9 

8 

9 

9 

8 

6 

9 

6 

6 

9 

9 

9 

7 

7 

9 

9 

8 

2 

2 

3 

3 

3 

2 

2 

2 

3 

3 

5 

5 

8 

6 

6 

6 

6 

7 

7 

7 

11 

11 

1 

1 

1 

1 

1 

1 

I 

1 

3 

3 

2 

6 

4 

6 

4 

4 

4 

4 

2 

2 

2 

4 

4 

3 

3 

4 

3 

3 

1 

1 

2 

3 

3 

1 

2 

1 

2 

2 

6 

6 

1 

6 

6 

4 

6 

3 

4 

3 

2 

2 

— 

2 

2 

1 

1? 

— 

2 

1 

2 

2 

— 

1 

1 

2 

2 

— 

— 

— 

6 

6 

1 

6 

7 

4 

6 

5 

6 

3 

6 

6 

3 

7 

7 

6 

6 

6 

7 

4 

7 

7 

4 

8 

8 

7 

9 

6 

8 

6 

S 

S 

S 

M 

51 

ML 

51 

M 

M 

51 

S 

s 

— 

ML 

51 

51 

W 

Trace 

— 

— 


* 


Leucme, etc., refers to a 


composite spot which may contam leucme, isoleucme, and methionme 


types of reticular tissue m contammg less arginme, 
j-sino, hjdroxyprolme and glutamic aoid, rather 
It^ nspartic acid, and rather more valme In 
addition, it differs from the reticular tissues m 
contammg rather less serme and rather more prolme 
Collagen differs from the reticular tissues m contam 
mg more prolme and hy droxj-prohne The reticular 
i^iio from the fat deposits contains rather less oi 
m d, carboxylic and basic ammo acids than the 
I\Tiiph noclo ti'^uo 

tisMie^'r possible that the reticular 

< issiiesM ere cent animated mth collagen Tlie tissues 

lOS^ThmlSd 

cinoiL collagen, but according to Siegfned (1902) 


carboxyho and basic ammo acids than elastm from 
hgamentum nuchae It is possible that it is identical 
with Siegfrieds ‘retvculm’ Similarly, the residues 
{ 1 1 mg ) obtamed on twice autoolavmg ox lude (2 g ) 
for 6 lir at 106° followed by boilmg for 1-2 lir , and 
the residue (30 mg ) obtamed by boilmg 4 7 0 g limed 
sheepskm with 100 ml 0 01 K sodium hydroxide 
for 16 mm , followed by' repeated extractions with 
boihng water, gav e paper chromatograms dis 
tmguishable from that of elastm by the presence of 
histidme and larger amounts of the dicarboxy he and 
basic ammo acids The two residues differed shghtly 
from one another, particularly m respect to the 
dicarboxy be acids, and from ly'mph node reticular 
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tissue m containing no hydroxyprolme The absence 
of this amm o acid mdicated the complete removal of 
collagen 

DISCUSSION 

It IS of mterest to compare values given m the 
hterature for the amin o acid composition of elastm 


Table 4 Oomposihon of dastin 



Ammo acid 

Relative 


, ^ 


mtensitiea of 



(Naa% 

spots on paper 


(g/lOOg) 

protem N) 

ohromat-ograma 

Glycine 

29 4 ( 0 ) 

32 3 

9 


26 76 (6) 

28 3 


Alanine 

6 86 (5) 

63 

9 

Leucme fraction 

30 0 (a) 

18 8 

9* 


21 38 (6) 

13 4 



10 7 (A) 

67 


Vahne 

13 6 (a) 

96 

8 


13 8 (A) 

97 


Phenylalanme 

3 89 (6) 

19 

3 


3 34(c) 

17 



4 8(A) 

24 


Tryptophan 

0 0(o) 

— 

— 

Senne 

— 

— 

2 

Threonme 

2 7(9) 

19 

2 


11(A) 

08 


Qystme 

0 23 (a) 

02 

(Cysteio 


0 6(A) 

04 

aoid=l) 

Methionme 

0 38 ( 0 ) 

02 



0 03 (A) 

__ 


Erolme 

16 2(a) 

10-9 

6 


16 6 (A) 

112 


Hydroi^rolme 

2 0(a) 

13 

0 

Argmme 

10(a) 

1 9 

1 


03(/) 

06 



11(A) 

2 1 


Histidme 

0 0(o) 

00 

0 


0 04(A) 

01 


lysme 

0 0(a) 

00 

1 


0 6(A) 

06 


Hydroxylysme 

— 

— 

0 

A^artic acid 

0 0(o) 

00 

3 


0 6(6) 

04 


Glutamic acid 

2 7(6) 

1 6 

4 


3 3(A) 

18 


Tyrosine 

16(6) 

07 

2 


0 25(d) 

01 



0 34(e) 

02 



14(A) 

0-6 



• Isolenome IS present 

(o) Stem & Miller (1938) (6) Abderhalden & Sohitten 

helm (1904) (c) Kajieller Adler (1932) (d) Horbaozewski 

(1882) (e) Schwarz (1893) (/) Kossel & Kutsoher (1898) 

{g) Brand & Kassel (1942) (A) Graham et oZ (1949) 

with the results of paper partition ohromato 
graphic exammation of the present preparation of 
elastm (Table 4) The chromatogram mdicates that 
the values reported for eispartic acid and alanme are 


1949 

low, and that serme is present m approximately the 
same amount as threonme The low figures for 
leucme and isoleucme obtamed by Graham, Waitkoff 
&Hier(1949),usmgmicrobiologicalmethods, suggest 
that the Teucme firaction’ of Table 4 may contain 
ammo acids other than leucme and isoleuome m 
comparatively large amounts No hydroxyprohne 
was detected m the chromatogram of the present 
preparation, and although it may not he entirely 
absent, the value of 2% given by Stem & Miller 
(1938) 18 possibly too high and may be due to 
mcomplete removal of collagen The low value for 
the ammo mtrogen is m agreement with the small 
amount of lysme detected by analysis and by paper 
chromatography The titration curve mdicates that 
at least 0 2 m m ol /g of basic groups must be present 
m elastm, the ammo mtrogen (0 07 mmol /g ), 
together with 0 06 mmol /g of argmme (Stem & 
Miller, 1938), accounts for 0 13 mmol /g , leaving 
0 07 mmol of base to be accounted for Histidme 
was not detected by paper chromatography, and 
consequently is present, if at all, m very small 
amount, it seems likely, therefore, that the dis 
crepancy between the titration curve and analysis 
IS due to a low argmme value 

Takmg the highest figure for the ‘ leucme fraction ’ 
(30%) it is possible to account for approximately 
90 % of the total mtrogen of elastm Judgmg firom 
the chromatogram and the titration curve, about 
half this deficiency is due to the presence of more 
serme, argmme and aspartic acid than the present 
analytical figures suggest, leavmg 6% stfil to he 
accounted for It may be noted that Stem & Miller 
(1938) find that the sum of sulphur m methionme 
(0 08 %), cystme (0 06 %) and ocourrmg as S07 
(0 02 %) agrees closely with the total sulphur of 
elastm (0 16 %) 

Comparison of the chromatograms suggests 
that elastm and reticular tissue firom different 
sources may differ appreciably m composition 
The residues from the exhaustive extraction of 
ox-hide, sheepskm and reticular tissue from 
fat deposits, which on the reported properties of 
collagen, elastm and reticular tissue, should consist 
mamly of elastm, do not give chromatograms similar 
to that of elastm from hgamentum nuohae, but, with 
the exception of the absence of hydroxyprohne, give 
chromatograms more nearly resembling that of 
lymph node reticular tissue It appears, therefore, 
that the elastic fibres of skm are either appreciably 
different m composition from those of the hga 
mentum nuchae, or that they are less resistant to 
boihng water, and the residues obtamed from skm 
consist of some other protem or protems resembling 
reticular tissue m composition 

Tn view of the suggestions that have been made 
regardmg the possible identity of reticulm and pre 
collagen (Hermga & Weidmger, 1942) it is of mterest 
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to note that -with the exception of a lower pr ohne and 
hydroxyprohne content, the ammo acid distribution 
of the collagen and reticular tissue preparations are 
similar 

SUMMARY 

1 Collagen has been prepared from ox hide, 
elastm from hgamentum nuchae and reticular tissue 
from lymph nodes and fat deposits Total nitrogen, 
and amide mtrogen have been detenmned and paper 
chromatograms of the hydroljrsates exammed 

2 Exammation of the titration curve and chro 
matogram of elastm mdicates that several ammo 
acids have stiU to be determmed and that the 
reported values for arginme and alanme are low 

3 Tissues from different sources winch stain 
surularly may vary appreciably m composition 


With the exception of a lower prohne and hydroxy- 
prohne content, the ammo acid distribution of the 
reticular tissues was smular to that of collagen 

4 Examination of chromatograms of the residues 
obtamed by the exhaustive extraction of skm 
suggests that the elastic fibres of skm either differ 
from those of hgamentum nuchae with respect to 
ammo acid composition or are less resistant to hot 
water 

The authors wish to thank the Director of the Wool 
Industries Research Association, m whose laboratones the 
paper partition ohromatographio analysis was earned out, 
for the faoihties put at their disposal, and Drs B Consden, 
A H Gordon and A J P Martin for much useful advice 
and assistance Thanks are also due to the Council of the 
Bntish Leather Manufacturers’ Research Association for 
permission to pubhsh this paper 
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A Differential Method for the Detection of Small Differences 
in Mobihty of Colloids in Electrophoresis 

By H HOCH, Department of Chemical Pathology, London Hospital Medical College, Ziondon, E 1 


{Received 24 January 1949) 


10 detenmnation of differences between the 
mobihties of two colloids by the standard teclmique 
° mcasurmg the boundary displacements m two 
Roparato experiments necessitates the rigorous pre 
'■ontion or control of movements of the boundaries 
UQ to causes other than the migration of the colloid 
G ad field Tlie method described here lias 

of*tl of elimmatmg possible complications 

o mt kmd Its mam feature is the simultaneous 
4 ^^'0 boundaries of two components 

I m on electrophoresis run, m which a lay er 


of a solution of one component, A or B, is put on top 
of the mixture of A and B, the concentration of A or 
B bemg the same m both lay ers 

Two experiments are set up as shown m Pig 1 a, b 
The boundaries are first brought mto view (Fig 1 c) 
and, after the current has been started, are kept m 
position by compensation, i e by running buffer mto 
the electrode vessel towards which the migration 
takes place The distance between the two ascendmg 
boundaries is recorded at mtervals Experiments 
hav e also been made m which the supernatant hquid 
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on either side of the mixture is a solution of one of the 
components In this case the experiment was set up 
as shown m Fig \d,e 


solution A gravitationally unstable region necessarily forms 
at the boundary Judging by the shape of the boundanes m 
expenments m which diluted solutions were prepared from 


J 

1 






A 

1 




A+B 

1 



i 





(q) 


(b) 


(c) 



(d) (e) 





Fig 1 Arrangement of solutions m electrophoresis cell Ascending, right, descendmg, left 


THEORETICAL 

In the following discussion coUoids only are considered which 
give gravitationally stable boundanes m ordmary runs m the 
same buffer Two lands of mterference may arise (a) When 
solutions equihbrated by dialysis are used, S boundanes 
appear below both the lower and the upper ascending 
boundanes The velocity of migration of the lower ascending 
boundary is bound to change when this boundary and the 
8 boundary of the solution m the upper layer cross The 
8 boundanes can be almost completely ehmmated if the 
solutions contaming A or B are prepared from those which 
establish themselves, on prelmunary electrophoresis of A and 
B respectively, below the ascending boundary (‘adjusted 
solutions’, Longsworth & Maoinnes, 1940o, Svensson, 1946) 
if the same buffer is used as supernatant throughout 
A solution prepared by dilution of an adjusted solution with 
the buffer is not identical with one recoverable from below 
the ascending boundary after an electrophoresis in which the 
colloid concentration had been the same as that of the 
diluted solution One may expect the differences m the 
lomc concentrations between these two solutions to be small, 
and the 8 boundanes negligible, if the change m migration 
velocity of the aaoendmg boundaiy is approximately pro 
portionol to the change m coUoid concentration, withm the 
concentration range between the undiluted and diluted 
solutions This range is greatest at low concentrations and it 
increases with the salt concentration of the buffer solution 
In an experiment as m Fig 1 a, 6 and c with ‘ adjusted 
solubons’, the pattern on the descending side represents 
the electrophoresis of the mixture of the two components m 
which the e boundary is absent Usually the conductivity of 
the ‘ adjusted solution’ is less than that of the buffer solution, 
and the migration velocity of the coUoid, the current being 
kept constant, mcreases with mcreasmg colloid concentra 
tion. This mcrease is greater at higher coUoid concentration 
since the transport number of the colloid also mcreases Thus 
on dilution of an ’adjusted solution’ with buffer the migra 
tion velocity of the colloid will be shghtly greater than in 
a solution adjusted at the concentration of the dduted 


‘adjusted soluttons’ containmg 1-1 5% protem, this 
boundary disturbance appears to be neghgible for albumm 
m phosphate at /i=0 1 and oxyhaemoglobm (HbOj) m 
phosphate at g=0 05 (p= ionic strength) 

(6) Accordmg to the moving boundary equation (Svensson, 
1943, 1946, Dole, 1946) the concentrations of aU 10 ns change 
at every boundary Smce m the present experiments the 
colloid concentration m the upper compartment was chosen 
to be the same as m the mixture m the bottom compartments, 
‘false’ boundanes (as defined by Svensson, 1946, p 14, 
1 e boundanes where no ion disappears) due to changes in 
concentration of that component which is present on both 
sides of the lower ascending boundary, must be expected 
ahead of this boundary if the faster, and behmd it if the 
slower of the two components is placed above the mixture 
In at least one of these cases a gravitationally unstable 
region is bound to form at the lower ascendmg boundary 
Thus, if the faster component A is placed above the mixture 
of A and B, the boundanes will be gravitationally stable if 
YAm^VA = migration velocity of A m umtary solution, 
such as m the solution between boundanes 1 and 1* of 
Fig 2o, = migration velocity of A m the mixture), and 

a false boundary, 1*, will form ahead of 2 (Fig 2a) If 
the boundary region above 2 is gravitationally 
unstable and it will nse to a level above 1 (Fig 2 b, c) In 
both cases the change m the distance between the ascending 
boundaiy regions of A and B is less than it would be 
if no changes occurred m the concentration of A at the 
boundaiy of B When B is placed above the mixture and if 
V^„>Vg (T^=migration velocity of F m umtary solution, 
migration velocity of F m the mixture), a gravita- 
tionally unstable region is probable near the boundary of A 
It IB conceivable that the material m this region flows off as 
soon as it separates, and that the migration velocity of the 
boundary of A is equal to If Pant ^ 

likely if not if mteraotion, m 

the sense of specific attraction, between A and F would make 
the average migration velocities differ less, but not more), 
a false boundaiy will form below 2, and the change m the 
distance between the boundaries of A and F will also 
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appear reduced here (Fig 2(J) It is mainly because of these 
boundary anomahea that the expenmenta must be earned 
out at low colloid concentrations It does not seem possible 


to derive the upper limit of colloid concentrations permissible 
by calculation without making assumptions about the 
mobdities of the components m the mixture This limit 


certainly depends on the relative difference m mobility of 


the two components 


m migration velocity between the slower component and the 
complex, 1 e 

In an actual expenment the gravitationally unstable region 
would mix, at least partially, consequently d > } (Ti - Ij) 

It can be concluded that at inlimtely low colloid con 
ccntration, and m the absence of mteraction between the 



Fig 2 False boundaries m the differential method Abscissae = concentrations of colloid, 
ordmates = vertical distances m electrophoresis cell 


Assuming that IjnJIi does not differ appreciably from 
umty and disregarding, for the present argument, the 
boundary disturbances discussed above, the difference of the 
changes after umt tune m the distances between the two 
ascending boundanes, m experiments as m Fig la, 6, is 
equal to the sum of the absolute migrations, and is given by 

Introduomg e hy ^d? (1 _ 


and the difference m migration velocity of A and B 


K Fj,/Fi =73^/7^^, which IS probable if no mteraction 
occurs between the two components, and if the colloid con 
ccntration ig sufficiently low for the differences between the 
effects of lomo strength on the mobihty of each component 
to be negligible, then 

d d 

r=0 and 7^-7^= ^ = 

' indicating interaction between the 

“m^nents m the mixture, then £>0 and 
, Lm~lBm=0, 1 e maximnm mteraction, the mixture of 
6 two components would behave as one component and 
®^^^*^*°ually unstable regions would form near the lower 
° ® boundanes Imagmmg the transfer of the un 

, ^^®8ions to stable positions to occur without mixing 
, hquid through which they pass, the events may 
he represented as m Fig 2e-?i On rmgration, 
^ t 0 (aster component m the upper layer, the distance 
ascendmg boundanes would not change, while 
in tb component m the upper layer the change 

e distance m umt tune would be equal to the difference 


two components, the difference between the velocities of the 
two components is very nearly equal to the change per umt 
tune in the distance between the two ascendmg boundanes 
In this case mvolves only the ratio of cross sections 

at the levels of the boundanes At fimte colloid concentra 
tions the difference m migration velocity of the components 
IS always greater than this, as shown by the analysis of the 
possible combmations of relative values for Vi.* Vim* and 
Fbm 

Thus a limitation of the method is mdicated on theoretical 
grounds by the findmg that, on account of boundary 
anomabes and possible mteraction between the components, 
a minimum value only for the difference m mobihty can be 
obtamed The difference m mobihty, - u^, corrected to 
infimtely low coUoid concentration (Hooh, 19486), is given by 


Kq 1 

^ Fa 

Vb ’ 

7 ' 


1 +K^Cs, 


where k = conductivity of the buffer solution, 5=area 
of cross seotioa at the position of the upper boundary, 

I = current, and Kg = coefficients defined by * 

(7g(= actual migration velocity of ascendmg boundary, 
7j=imgration velocity of component i at infini tely low 
concentration m the supernatant buffer, Cj = concentration 
of component t m g /lOO ml ) If the concentrations Gj and 
Cj are chosen so that KjCj and A^Cj, are equal, then 


(«a «s) x{l+K^C^) 


(Fa ~ F^) 


Substitutmg for (D “ F^), 


(«x -«s)mim.= 


/(1+A„C„) 


l+^(l-£) 


Although an estimate of possible deviations of the expression 
for (u^ - Us)^ from the true difference m mobihty cannot 
be made, a quahtative argument may provide a means of 
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limiting the range of uncertainty It can be shown (Hooh, 
1948 a) that the boundary anomahea become considerable 
when the relative change in migration velocity of an ion 
across a protem boundary is of tte same magmtude as the 
relative difference m the mobihties of that ion and of the 
protem If, for example, the mobihties differ by five times 
this amount, the concentration changes across the protem 
boundary may he disregarded, and the uncertamty m the 
difference m mobfiity as calculated from equation ( 1) can be 
hnuted to the effects of mteraotion Thus, for small relative 
differences m mobihty, about as great as the relative change 
m imgration velocity of 10ns across the protem boundary, 
a value of five tunes that obtamed by equation (1) may 
arbitrarily be taken as the probable upper hmit for the true 
value, assuming httle or no mteraotion With comparatively 
large relative differences m mobihty, the boundary anomahes 
may be neglected Favourable workmg conditions are there 
fore near the isoeleotno pomt and at high salt concen 
trations, so that the value for the difference m mobihty 


may be bracketed between ~ - and ^ 2d if there is mter 
-t 2 J 


aotionbetrweenthe components In view of thesermcertamties 
the following approximate form of equation { 1) was used m 
the present paper 




ttiln. ~ 2 2 * 


(2) 


where conductivity of the buffer solution 

The method appears to be useful for the purpose of 
estabhshmg the identity of two colloids Here Kj^ and 
are assumed equal and experiments (o) and (6) of Fig 1 must 
give identical changes m the relative positions of the 
boundaries if However, identical changes might 

Vi V 

be obtamed also if ; / at 

a particular concentration of A (=that of B) But the 
uncertamty should be resolvable on carrymg out the expen 
ment at different salt or coUoid concentrations For example, 
if £^=0-06 and K^=0 05, =0^=0 3 g /lOO ml V^/Vj, 

could be 1 003, although no difference would be found But 
at £7,1 =0^ =0 06 g /lOO mL a relative difference of 0 3 % m 
the migration velocities should be detected 
The differential method was apphed to the comparison of 
serum and urme albumins, and to that of human and rabbit 
oxyha emoglobm 


observed by Stem, Remer i- Sdber (1946) The supernatant 
liqmd was clear m every preparation 

Solutions of the sera were made up m Na phosphate 
buffers, pH 7 7 or 8 0, and lomo strength 0 1 , those of HbO, 
m Na phosphate buffers, pH 7 1 and 8 0 The pH 7 1 buffer 
was that used by Andersch, Wilson & Menten (1944) The 
lomo strength of the pH 8 buffer used for the electrophoresis 
of HbO, was 0 05 

The adjusted solutions of alb umin were prepared by the 
electrophoresis of serum at concentrations yieldmg alb umin 
solutions contammg 0 4-1 6 g protem /lOO ml The HbO, 
solutions were electrolysed at concentrations of about 
1 g /lOO ml The preparatory runs were contmued until two 
thirds or the whole ascendmg limb was occupied by the 
adjusted solution The adjusted solutions were appropriately 
diluted with buffer and equal volumes of each component, 
A and B, were mixed to give the solution for the bottom 
layer, smaller portions were diluted with an equal volume 
of buffer to give the solutions for the upper layer 

The concentrations of albumm and of HbO, were deter 
named by micro Kjeldahl HbO. was also determmed by 
measnrmg the hght absorption of HbO, and of HbCO m 
dilute NH, (2 6 ml of NH, sp gr 0 880/100 mL) m the 
visible region 

Observation of boundaries The boundaries were brought 
mto view by compensation and the patterns, which were 
obtamed with a diagonal wire m all differential experiments, 
were photographed at frequent mtervals during the run. 
The use of a wire (Svensson, 1939) facfiitates the location of 
the Ime forming the pattern and this pattern is not subject 
to distortion if unevenly exposed (Svensson, 1939) The 
enlarged patterns were traced on graph paper, and the 
position of the oentroidal ordmates of the peaks (Longs- 
worth, 1943) was determmed by makmg fifteen to thirty 
readmgs, spaced at equal distances, on each boundary The 
following form of the equation for the centroidal ordmate 
(®) was found convement for use without a calculating 
machme 

^ Sy 2Sy, - 2 (y, - y-,) +yo’ 


where yj and y_, = ordmates at symmetncal positions on 
both Bides of a workmg zero near the expected position of 
the centroidal ordmate, y(,= ordinate at the workmg zero, 
X(= abscissae 

RESULTS 


EXPERIMENTAL 

The experiments were made m the Tisehus apparatus at 
0 1° Three different mediuni-size (11 mL) cells with two 
middle sections and the cyhndnoal lens schheren optical 
system (Thovert, 1914, Plulpot, 1938, Svensson, 1939) were 
used. 

Materials Fresh blood and urme were obtamed from 
nephritis patients with albummuna The solutions of HbO, 
were prepared as foUows 1-2 mL of packed red cells were 
washed 6-8 times with 2 voL of a mixture consisting of 
0 86 % NaQ (2 voL) and Na phosphate buffer, pH 8, 
ft, 0 2 (1 voL) The cells were then lysed with 2 vol of water 
and the solution centrifuged On addition of pH 8 phosphate 
buffer to the dear supernatant a precipitate formed which 
was centrifuged down. This precipitation ehmmated the fast 
component and the slight turbidity which was previously 


(o) Albumin Table 1 gives the details of experi- 
ments with serum and urme albumms m three oases 
of nephritis, and Fig 3 shows the plot of the distance 
between the ascendmg boundaries agamst time m 
oases 1 and 3 The minimum difference m mobihty 
calculated from equation (2) was about 0 03 x 10“®, 
1 e 0 6 % of the mobihty of albumm, m two cases 
In case 3 the difference m mobihty was much 
greater, but the urme had been concentrated to 
a quarter of its volume before dialysis and this may 
have altered the mobihty of the urme albumm 
It appears from Fig 3 that it might bo possible 
to detect an even smaller difference m migration 
velocity of two albumm boundaries than that found 
m case 1 The interpretation of such a small difference 
IS difficult, apart from the mterference by the 
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Table 1 Comparison of electrophoretic mobthties of serum and urine albumins 

Case 


no (1*) 

(2) 

(3) 

(4) 

(6) 

(0) 

(7) 

(8) 

(9) 

(10) 

(11) 

1 60 

30 

10 

80 

17 011 

son 

63 

0 053 (±0 02) 

400 

02 

0 03 

U 

2 66 

123 

06 

77 

r/oist 

S 0 22 

67 

0 04 (±0 04) 

400 

02 

0 03 

U 

3 7-0 200 

* Column designation 

01 

77 

f7 0 16 

5 0 17 

67 

0 76 (±0 04) 

620 

24 

0 42 

V 


(1) Seram protems, g /lOO mL 

(2) Non protem nitrogen, mg /lOO ml 

(3) Urme protem, g /lOO ml 

(4) pH of phosphate buffer, p.=0 1 

(5) Albnimn concentration in upper layer, g /lOO ml , U =urme nlbumm, S = serum albumm 

(6) Potential gradient, V cm 

(7) Total change m distance between ascendmg boundaries, cm (approximate error range) 

(8) Total tune, mm 

(9) Difference m migration velocity of boundanes, 10^ cm sec 

(10) Minimum difference m mobility of components, from equation (2), 10~*om * V ”*8eo 

(11) Faster component 

t Concentrations estimated from refractive areas m this case only 


boundary anotnabes diacussed above, since it could 
also be produced by a change in pH of about 0 02 
unit m one of the solutions 



Diagrams obtamed by the differential method 
®*Mller oircleB for the runs with the urme 
albumm m the upper layer 1 =oase no 1 of Table 1, 
PbO8phatebuffer,pH8,/i,01,63V/om 2=caseno 3, 
phosphate buffer, pH77,f^01,67V/cm 

^ three cases studied, the metm mobihty of 
6 urme albumin was the same or greater than tliat 
0 serum albumm from the same patient It is 
botb^h^ ^ speak of mean mobihties only, smee 
0 serum and the urme albumm peaks proved 
^^mposite m the prehimnary runs as shown m Fig 4 
hlbumm has previously been shown to be 


inhomogeneous at pH 8 (Bhx, Tisehus & Svensson, 
1941, Hoch & Moms, 1946, Armstrong, Budka & 
Morrison, 1947, Hoch, 19486) 

(6) Haemoglobin In Table 2 and Fig 5 are re- 
corded the data of the comparison of the mobihties 
of oxyhaemoglobms from four different rabbits with 
the oxyhaemoglobm from a normal human adult 
Rabbit oxyhaemoglobm had a smaller anodic 
mobihty m all cases There was no evidence of a 
difference between any of the normal rabbit 
oxyhaemoglobms 

Fig 6 shows the patterns obtamed m Exp 3 of 
Table 2 The slowness of migration at pH 7 1 did not 
make the preparation of adjusted solutions practic- 
able, and solutions equihbrated by dialysis were used 
This was thought justifiable on account of the high 
lomc strength of the buffer and the small charge of 
the oxyhaemoglobm near its isoelectric pomt The 
experiment was made at comparatively high protem 
concentration (0 6 g /lOO ml ) so that boundary dis 
turbances could be more readily observed In both 
experiments set up as m Fig 1 d, e, the boundanes of 
the solutions of the smgle components did not appear 
to be disturbed by the formation of gravitationally 
unstable regions, but the shape of the curves deviated 
markedly from that of the Gaussian error curve In 
the absence of boundary anomahes the Imes relating 
the changes with tune of the distances between the 
two ascending and the two descending boundanes 
should run parallel That they diverged shghtly 
(Fig 6, no 2) may have been due to the effects of the 
boundaryanomahes 

Fig 7hhowB some patterns from Exp 2 of Table 2, 
made at an unusually low protem concentration of 
0 05 g /lOO ml The graph of the distances between 
the boundanes is seen m Fig 6, no 1 

If identity of two substances is suspected, the 
experiment may be earned out with solutions which 
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Table 2 Comparison of electrophoretic mobilities of oxyhaemoglobins 


no 

(1)* 

(2) 

(3) 

(4) 

(5) 

(0) 

(7) 

(8) 

1 

80 

HO 66 

E 0 69 

14 

Asc 101 

300 

66 

04 

H 

2 

80 

HO 06 

10 

Asc 0 49 

220 

37 

0 37 

H 



H 0 06 


Deso 0 49 

220 

37 

3t 

7 1 

H06 

87 

Asc 1 02 

600 

283 

0 33 

H 



BOB 


Desc 1 04 

600 

2 89 


4T 

80 

H,^,0 47 

Him 0 47 

14 

Aflo 0 00 

280 

0 

0 

— 


* Column designation 

(1) pH of phosphate buffer, p=0 06 at pH 8, p=0 08 at pH 7 1 

(2) Oxyhaemoglobm concentration in upper layer, g /lOO ml , H^human HbO„ J?=rabbit HbO„ 

H(j,=oxyhaemoglobins from two normal subjects ‘ ' ' 

(3) Potential gradient, V cm 

(4) Total change m distance between the two ascendmg or the two descendmc boundanes. cm 

(6) Total time, mm. 

(6) Difference m migration velocity of boundanes, 10“' cm see 

(7) Slimmum difference m mobihty of components, from equation (2), 10“' om ' V “^sec 

(8) Paster component (anodic) 

t In these experiments solutions equihbrated by dialysis were used 



Time of elearophoresls (min ) 



Time of elearophorcsis (min ) 


Pig 6 Diagrams obtamed by the differential method 
oxyhaemoglobins Exp nos 2^ of Table 2 Hollow circles 
for the ascending, full circles for the descending limb, 
circles and squares m Exp 4 for the ascending hmb, with 
HbO, finm subjects A and £, respectively, m the upper 
layer The nsmg hues represent experiments m which the 
human, the falling hues those m which the rabbit HbOj 
was m the upper layer of the ascendmg hmb 1 =Exp 
no 2 phosphate buffer, pH 8, /x, 0 06, 10 V /cm , HbO, 
concentrationmuppBrlayer,0 06g /100ml 2=Exp no 3, 
phosphate, pH 71,^0 08 87V/om,06g HbOs/lOOmL 
3 =Exp no 4 phosphate buffer, pH8, n, 0 05, 14 V /cm , 
0 47g HhO,/100mL 


have not been subjected to pre limin ary runs for the 
preparation of adjusted solutions Such an expen 
ment is illustrated in Fig 5, no 3 The two ^ult 
human oxyhaemoglobins used were equihbrated 
simultaneously by dialysis against the same buffer 
solution The migration was stopped before the 5 
boundary of the solution, origmally m the top com 
partment, reached the lower boundary No difference 
was found m the relative positions of the two 
ascendmg boundaries at the end of tlie run, between 
Exp (a) m which the oxyhaemoglobm from subject 
A, and Exp (6) m which the oxyhaemoglobm from 
subject B, was placed m the top compartment 
The tests for homogeneity of the dialysed oxyhae 
moglobm preparations are summanzed m Table 3 
The experiments on human oxyhaemoglobm showed 
a component of smaller anodic mobility apart from 
the mam peak m every case At pH 7 1 no 5 or 
e boundary wasseen toseparate.buttheseboundanes 
may have been covered by the small component 
The preparations of rabbit oxyhaemoglobm did not 
show this component (Table 3, column 1 Fig 8, 
nos 1 and 2) The ratios N/E^ of difwvnt pre 
parations were reproducible to within i - 
those of human and rabbit carboxxhie loglobm 
(HbCO) differed significEmtly (colunm 2) So did the 
ratios (column 3) 

(c) Mixtures of human and rabbit oxyhaemoglobins 
These experiments were made with the object of 
obtammg an mdependent estimate of the difterence 
between the migration velocity of the faster com- 
ponent, m umtary solution, and that of the slower 
component m the mixture at low oxyhaemoglobm 
concentrations, and to study the effects of boundary 
anomahes at higher concentrations Tlie results are 
given m Table 4 and Fig 8 The concentrations of 
human and rabbit oxyhaemoglobm were made equal 
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Tablo 3 Tests Jor homogeneity of oxyhaemoglohin preparations 


( 1 ) 


( 2 ) 


(3) 


Red cells &om 
Human (three subjects) 
Rabbit (three animals) 


Eleotrophoresia N x 6 96/^/^^* 

refractive area , » , i * 

of sloiv component Mean Mean 

(% of total area) (no of samples) Range (no of samples) Range 

3-5 6 (6 prep) 1018(4) 0 986-1036 1 226(0) 1214^1234 

0 6 (1 prep ) or none 1 050 (4) 1 029-1 066 1 209 (8) 1 200-1 217 

detected (2 prep ) 


* N content of horse HbCO — 16 8 % (Chibnall, Rees &. WUhams, 1943) The conversion factor for the colonmetno 
estimation was ootamed by standardization against spectrographio data (Hoch & Jope, 1947, nnpublisbed experiments) 


Table 4 


Elecirophoresis of mixtures of human and rabbit oxyhaemoglobins of known composition 


Concentration of 

Proportion of human HbOj m 

Difference m 


total HbO, m 

terms of N content 

mobihty* of 


adjusted solution 



components 


(g /lOO mb) 

Taken (%) 

Found (%) 

(10-‘ cm »V ~iseo -i) 


06 

484 

30 

028 

- 

0 63 

489 

36 

0 23 

Bad separation 

0 6 

487 

36 

0 31 



0 67 

489 

46 

0 29 



0 89 

489 

46 

0 20 

Bad separation 

I 1 

489 

60 

024 



187 

483 

60 

025 

— 


* Mobihty calculated using potential gradient m supernatant buffer 


TOth respect to the bght absorption of the carboxy- 
haemoglobin, using the Ilford speotrum green filtei 
no 604 Assuming the refractive areas to be propor- 
tional to the nitrogen content, the proportion of the 
area under the faster of the two mam peaks should 
0 a out 49 % of the total area under the two mam 
peaks, after allowing for the presence of 6% oi 
the more slowly migratmg component m the pre 
pamtions of human oxyhaomoglobm, and for the 
™ m the contents of N/imit extmction 

(iaWe 3) The mcrease m concentration m the 
direction of migration of the human oxyhaemoglobm 
of the rabbit oxyhaemoglobm 
n the buffer used was calculated to be appreciable 
at total concentrations of 0 6 g /lOO ml or greater, 
assumptions about the similarity of the two 
t of oxyhaemoglobm such as specified for 

two alb,^ previously (Hoch, 19486), and a value 
rmbiAi, 2) for both oxyhaemoglobms This 

to obtamed from experiments analogous 

whteb i described for serum albumm m 

were ““^oeiitrated and diluted solutions 

As c„„^®^““Sratesunultaneously (Hoch, 1948o) 
pattemo ^ ^ Table 4, the ascending 

fLter expected excess of the 

total c (human oxyhaemoglobm) At a 

e /100ml thefpparentpro 
the faster ot equal At a higher concentration 
creased. appeared only shghtly m 

Proportiona concentrations the apparent 

showing too httle of 
produced same patterns were 

» mixtures of oxyhaemoglobm from 


different rabbits with oxyhaemoglobm from the 
same h um a n adult The descending patterns of the 
dilute solutions (Fig 8) mdicate that the faster peak 
IS abnormally large, however, the spreadmg of the 
boundaries and the poor separation did not permit 
a quantitative analysis 

These results might be explamed by an mteraction 
(Longsworth &MacIimes,1942) between the two oxy 
haemoglobms resulting m a smaller average migra- 
tion velocity of the human oxyhaemoglobm m the 
presence of rabbit oxyhaemoglobm On the ascendmg 
Bide, therefore, an mcrease m migration velocity 
of the faster component (humem oxyhaemoglobm) 
at the boundary of the slower component neceasi 
tates a diminished concentration of the faster com- 
ponent above this boundary, as has been observed 
m the experiments On the descendmg side the 
effect IB reversed, m that the concentration of the 
slower component is reduced m the layer above the 
boundary of the faster component This argument 
IS formally eqmvalent to that used by Longsworth 
& Macinnes, based on the assumption of a complex 
formation Further support for this explanation is 
the lack of variation m the difference between the 
migration velocities with the HbOi concentration, 
at constant current, m the ascendmg limb (Table 4) 
This difference should become smaller with m 
creasmg concentration if there is no mteraction 
The values for the difference m mobihty of the 
boundaries m Table 2 and those m Table 4 disagree 
by more than can be accounted for by experimental 
error of the differential method The small v anation 
with changmg oxyhaemoglobm concentration m the 
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differential method suggests httle mterference by 
boundary anomabes In the experiments with oxy- 
haemoglobm mixtures, no change m concentration 
of the faster component across the boimdary of the 
slower component appears to occur on the ascendmg 
side at medium oxyhaemoglobm concentration, the 
proportions of the refractive areas bemg the same as 
those of the components m the mixture In an ex- 
periment set up as m Fig 1 a at sumlar oxyhaemo 
globm concentrations, a layer of human oxyhaemo- 
globm solution was put above the layer of the 
mixture, thus merely shiftmg the boundary of the 
faster component upwards by a distance equal to 
the length of one compartment, consequently on 
migration the change m the distance between the 
boundaries should have been identical with that 
obtamed m the experiment with the mixture This 
was not the case The reasons for this discrepancy 
may be sought m the uncertamty of locatmg the 
boundaries m the experiments with the mixtures of 
oxyhaemoglobms The b oundanes are evidently non 
symmetrical, and m more concentrated solutions 
mdi cations of streammg can be observed at the slower 
peak (Fig 8, no 11) as the separation of the peaks 
becomes more complete At the earher stages of the 
run the partition hue between the peaks cannot be 
drawn with the accuracy required, and at the later 
stages when this uncertamty diminishes it is the one 
sided taihng off of the peaks which mterferes The 
tendency then is to exclude parts of the outer tail 
regions of the boundaries when locatmg the peaks, 
and accordmgly the measured distance between 
them 18 too small Although it appears that this error 
does not account for the whole of the discrepancy 
between the values m Tables 2 and 4, the remaming 
difference is too small to form a basis for any 
conclusions 


DISCUSSION 


The boundary anomabes are at a minim um near the 
isoelectric pomt (Longsworth, Carman & Maoinnes, 
1940) and they are probably neghgible m an expen 
ment with oxyhaemoglobms at pH 7 1, such as no 3 
m Table 2 They are presumably not of great im- 
portance m the experiments made with oxyhaemo- 
globms at pH 8, smce similar differences between 
the mobdities were obtamed at concentrations of 
0 66 and 0 06 g /lOO ml The close agreement m these 
experiments between the values for d obtamed from 
the ascending and descendmg sides, cannot be taken 
as mdicatmg that the boundary anomahes could be 
neglected, smce these may have been effective m the 
same directionmboth limbs of the U -tube (Svensson, 
1946) However consistent the experimental values 
may be for the minimum differences mmobihty under 
varymg conditions, for theoretical reasons it is not 
possible to obtam accurate values by the differential 
method, although the approximation may be good 
if the relative difference m mobility is not small, and 
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if no mteraction occurs between the components 
The differential method might well be restricted for 
the present to estabhshmg the identity of colloids, 
and to semi quantitative statements on differences 
m mobUity 

While the decision as to which of the components 
IS the faster can be made with certamty from the 
observations by the differential method, such a 
decision may be misleadmg if the mobdities obtamed 
m separate experiments are compared This apphes 
particularly when the mobdities are low, smce shght 
deviations m the technique of reproducmg the con- 
ditions m the electrode vessels may escape observa 
tion In certam cases, e g m the comparison of 
serum and urme albumins, greater sensitivity could 
be obtamed by the differential method than would 
be expected m absolute measurements of mobility 

The experiments described by Longsworth & Mac 
Innes { 19406), who found that the mobdities of the 
urme albumins from nephrosis patients, m hthi'im- 
veronal buffer of pH 7 8, were consistently lower tnan 
those of the serum albumm, are not eomparahle with 
the present experiments on account of the different 
buffers used 

The anomalous proportions of refractive areas m 
mixtures of human and rabbit oxyhaemoglobms 
appear to mdicate an mteraction between these two 
components Anomalous patterns with dilute solu- 
tions were found m four experiments, m which the 
components had been m contact for different lengtlis 
of tune (1 hr , 12 hr , 3 days, 6 days), and therefore 
an explanation cannot be sought m a slow reaction 
between the components Haemoglobm molecules 
have been shown to spht mto halves m ddute 
solution (MacCarthy & Popj4k, 1947, Gutfreund, 
1948) If such a reaction occurred with both human 
and rabbit oxyhaemoglobm under the conditions of 
the present experiments, the possibdity would have 
to be considered of the formation of mixed molecules 
of human and rabbit oxyhaemoglobm on recombma 
tion of the fragments A mixed molecule would 
presumably migrate with a mobdity mtermediate 
between those of the components and three peaks 
should appear m the pattern, such as has been 

observed by Tisehus & Horsfall ( 1 9 3 9 ) m experiments 

with haemocyanms , or if the mobdities were httle 
different the boundary might appear as a smgle 
broad peak 

No useful information concemmg mteraction 
between the two oxyhaemoglobms was gamed by 
electrolysmg the mixture m phosphate buffer of 
pH 8 at the higher lomo strength of 0 2 The two 
components migrated as a single peak (Fig 8, 
nos 13-16) After dialysis of the same mixture 
against phosphate buffer of pH 8 and lomc strength 
0 06, the patterns of Fig 8, nos 3 and 4 were 
obtamed, showmg two components as m the other 
experiments at this lomo strength 
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SUMMARY 

1 An electrophoretic technique is described in 
which the roigration of two colloid boundanea, 
formed at a distance from each other, can be 
observ’cd simultaneously Under hmitmg conditions 
the change m the distance between the two boundaries 
IS a measure of the difference m mobihty of the two 
colloids The differential method described is con- 
sidered to be supplementary to and, m particular 
cases, more sensitive than that of comparmg the 
mobihties m separate runs The mam field of 
apphcation offers itself m the establishment of 
identity of colloids 

2 A modified formula for the calculation of the 
position of the centroidal ordmate is given 

3 The method was apphed to the study of serum 
and unne albumins, and of human and rabbit oxy- 
haemoglobms Serum and unne albumms fimm 
three cases of nephntis showed a mimmuTn difference 
in mobihty at pH 8 of about 0 03 x 10“* m two cases. 


and of 0 42 x 10”® m the third case The urme albumin 
had the greater mobihty The minimum difference 
m the mobihties of human and rabbit oxyhaemo 
globms was 0 4 x 10~® at pH 8 and 0 33 x 10~® at 
pH 7 1 The human oxyhaemoglobm had the higher 
anodic mobihty Oxyhaemoglobins from two normal 
adults showed no detectable difference m mobihty 

4 Mixtures of human and rabbit oxyhaemo 
globms of known composition gave patterns with 
two mam peaks at pH 8 and lomc strength 0 06 m 
which the proportions of the refractive areas were 
abnormal At pH 8 and lomo strength 0 2 the two 
components did not separate 

I wish to thank Prof J R Marrackforenconragementand 
for criticism I am greatly indebted to Prof A Tisehus for 
hiB mterest and for hospitahty m his laboratory, where I had 
the pnvilege of condnctmg part of this work, and to Booent 
H. Svenason, with whom I had the pleasure of many dis 
enasions of the problems mvolved I should also like to 
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Fig 4 Heotrophoretiopattomsofserumandurmealbumm 

Left, serum albumm, right, urme albmnm 
oLv A,} “scendmg patterns from case 2 of Table 1 
3 orTnhV i®T“'^® W<3escendmg patterns from cas- 

descending patterns, rabbit HbO, m upper atur aftJ 
03 and 327 mm Run H, set up as m Fig 1 («) 0 ^," 

. njeendmg patterns, rabbit HbO, mupplr layer, afte 
Biochem 1949,46 


OF PLATE 3 

01 and 397 mm , nos 8 and 9 descendmg patterns, human 
HbO, m upper layer, after 04 and 394 mm The direction 
of migration for the ascending patterns is towards the 
left, for the descending towards the right In each mn all 
four boundanes were of equal height and identical shape 
at the beg innin g of the experiment Phosphate, pH 7 1, 
p, 0-08, 8 7V I cm , HbOj concentration m upper layer, 
06g/100mL 

Fig 7 Electrophoretic patterns obtamed by the differential 
method m Exp 2 of Table 2 I nos 1-4 ascending 
patterns, human HbO, m upper layer, after 0, 33, 60 and 
132 mm migration Nos 5-8 descending patterns, rabbit 
HbO. m upper layer, after 0, 36 69 and 135 mm II nos 
9-12 ascending patterns, rabbit HbOj m upper layer, 
aftcr0,9,58and 111 mm. Nos 13-17 descendmgpattenis, 

19 
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human BTbO, m upper layer, after 0, 12, 60, 113 and 
185 nu n The dueotion of migration for the ascending 
patterns is towards the left, for the descendmg towards 
the right Phosphate, pH 8, n, 0 05, 10 V /cm , HbOa 
concentration m upper layer, 0 05 g /lOO ml 

Fig 8 Electrophoretie patterns of oxyhaemoglobins All 
experiments, with the exception of nos 13-15, m phos 
phate, pH 8, /x, 0 05, 14 V /cm Nos 1 and 2 ascendmg 
and descendmg patterns of rabbit HbOj, concentre 
tion = l 35 g /lOO ml , after 430 and 435 nun Nos 3-16 
patterns of mixtures 1 1 of human and rabbit HbO. 
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Left, ascendmg hmh, right, deseendmghmb Nos 3 and 
4= Exp lofTable4,after320and322mm ,no 6=Exp 2, 
after 299 mm , nos 6 and 7 =Exp 3, after 321 and 
209 mm , nos 8 and 9 =Exp 6, after 382 and 385 mm , 
nos 10-12=Exp 7, after 243, 360 and 364 mm ,no3 13and 
14 ascendmg patterns, no 16 descendmg pattern of a 
mixture 1 1 of human and rabbit HbOj m phosphate 
pH 8, p=0 2, nos 13 and 16 after 443 mm at 7V /cm , 
then 160mm at6V /cm ,no 14after443mm at7V/cm, 
then 173 min. at 6 V /cm , then 816 mm. at 4V jam Total 
distance migrated about 9 cm 


Chromatographic Studies of Nucleic Acids 

1 A TECHNIQUE FOR THE UDENTIFIGATION AND ESTIMATION OF PURINE 
AND PYRIMIDINE BASES, NUCLEOSIDES A2TD RELATED SUBSTANCES 

By R MARKHAM and J D SlMtTH 

AgncuUural Research Council Plant Virus Research Unit, MoUeno Institute, University of Cambridge 

{Received 31 March 1949) 


Until recently the isolation and identification of 
purme and pynnudine bases, nbosides and nucleo- 
tides m mixtures such as nucleic acid hydrolysates 
were only possible by purely chemical methods of 
separation, necessitating the use of very large 
quantities (often 100 g or more) of startmg materials 
(Levene & Bass, 1931) Such methods are tedious, 
very limited m apphcation and far from quantitative 
However, the development of partition chromato 
graphy on paper (Consden, Gordon & Martm, 1944) 
has afforded, the possibdity of the separation of 
mixtures of purme and pynmidme derivatives m 
mmute amounts The successful apphcation of this 
method depends upon the location on the paper 
chromatogram of the areas occupied by the various 
substances Once located, these areas may be cut 
out, extracted m a suitable solvent, and the sub 
stances estimated by ultraviolet spectrophotometry, 
makmg use of them characteristic absorption bands 
m the region of 260 mp Two methods of detectmg 
purme and pynmidme denvatives have been de- 
scribed recently Hotchkiss (1948) cut the paper 
mto transverse stops, 6-30 mm wide, extracted 
each of these m water and, usmg a Beckman photo 
electoc spectrophotometer, determmed for each 
extract the absorption m the ultraviolet region near 
260 mp This method is tune consummg, does not 
allow of a very high resolution of adjacent spots, and 
for practical reasons is obviously mapphcable to 
two dimensional chromatograms In a second 
method, described by Vischer & Chargaff (1948a), 
the punnes and the pynmidmes are converted on 
the chromatogram to mercury complexes Excess 


mercury is removed and the paper is treated to 
convert the mercury m the complex mto mercunc 
sulphide, which bemg black mdicates the position 
of the spots While this techmque allows the 
detection of as httle as 6 pg of the fi:ee bases m 
mdividual spots, it has senous himtations The 
method is not rapid, mvolvmg prolonged treatment 
of the paper m the wet state with several reagents 
and as described is hunted to the bases Further 
more, during the conversion of the mercury com 
plexes mto mercunc sulphide, the bases are lost so 
that for quantitative analysis parallel untreated 
stops of the chromatogram have to be used It is 
thus impossible to use this techmque for quantitative 
two dimensional chromatograms 

To avoid these difficulties we have developed a 
simple and rapid method which will detect m a 
chromatogram all substances having a strong 
absorption m the ultraviolet near 260 mp Such 
substances, of course, mclude all purme and 
pynmidme derivatives, as weU as many other com 
pounds of biological mterest The basis of this 
method, which has been reported bnefly elsewhere 
(Markham & Smith, 1949) is a simple photographic 
method for the detection of absorbmg substances 

METHODS 
(o) Location of the spots 

As all purme and pynmidme denvatives have an mtense 
ultraviolet absorption m the neighbourhood of 260 mp it is 
natural to look for methods smtable for exploiting this 
characteristic Filter paper happens to be reasonably 
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transparent m this region, so it is possible to locate the spots 
of absorbing substances merely by makmg a contact punt 
by filtered ultraviolet light on to sensitized paper through 
the dried paper chromatogram 
The source of ultraviolet hght used m these experiments 
Tvas a Hanovia ‘ Homesun’ lamp, a 460 W , 200 V , mercury 
arc lamp This lamp has a high emission at 263 7 mp., a wave 
length which, though not ideal, is satisfactory for most 
purposes In order to make the method as sensitive as 
possible it IS desirable to use filters m order to obtam hght 
of this wavelength as nearly monochromatic as possible, 
particularly as photographic matenak are very sensitive to 
the longer wavelength ultraviolet light emitted by this lamp 
Several filters are available for this purpose, but for con 
vemence a hqmd filter containing C0SO4 and NiS04, 




^'ig 1 c, Xongitudmal section of the chlonne filter (4) and 
hquid filter (B) showing their design C and B are dia 
phragms and E is the merouiy vapour lamp b. Partial 
transverse section of chlonne filter showing taps used for 
filling and, F , calcium chlonde for keepmg the gas dry 

gaseous chlonne filter, was chosen (Bowen, 
1940) The filters are of glass with fused quartz wmdows 
CTmcntcd on For the hqmd filter a resmous cement is used, 
but for the chlorme filter vasehne is used, a few dabs of 
Piccin wax round the outside holding the assembly firm 
x VorT'w ^ contains an aqueous solution of 

^ 100 g /L. 18 30 mm 

thick and the gas filter contammg chlorme at atmosphenc 
pressure dncd over CaCl, is 35 mm thick. The cells have 
afreeapcrt^of22mm and their design is shown m Pig I 
important to have the hqmd filter nearer the 

q th , whereas if they are arranged as recommended 
onirfilT”’ ^ check on the efficiency 

tra'nsmur? E"’*' observing the spectrum of the hgU 
trnnsmitt^ with a Beck ultraviolet spectroscope The offiv 
hues Muble should be at 253 7 and 205 mp , the^lattCT heme 
much loss intenre If such an instrument is not available it 

isj^suble to test the hght source bi prmtingout^St 

pots of adenine on MTiatman no 1 paper It should be 


possible to detect 1 pg of ademne in a 10 pL spot qmte easily, 
whilst 6 pg m the same volume should prove almost com 
pletely opaque It is, m fact, possible to detect quantities 
of matenals which are muoh too small to estimate accurately 
by means of a spectrophotometer 
The photographic matenal used is Ilford ReflexDooument 
Paper, no 60 (similar matenal is also manufactured by other 
Atm) This matenal is comparatively cheap, and has the 
advantage of being extremely contrastmg, and it may, if 
necessary, be handled m subdued artificial hght It is not 
affected by the yeUow hght transmitted by the filter system 
(Other papers, though faster, have not proved so sensitive to 
small amounts of absorbing matenal) We have not found 
that the developers used modify the results greatly and either 
the maker’s formula I D 36 or a process developer (Kodak 
D 163) seems qmte satisfactory 
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Pig 2 Pnnting the ohromatogram The photographic paper 
13 held flat by the filter paper ohromatogram which is 
pinned over it on the convex surface of the plywood. 

Exposure Under our conditions a smtable exposure is 
I 6 min at a distance of 1 2 m (which covers an area of 
about 16 X 40 cm ) For larger areas such as are needed for 
two dimensional work, the light source has to be farther 
away, and the exposure may be estimated approximately by 
applying the mverse square law The exposures are not very 
cntical 

For making the pnnts it would be desirable to have 
a prmtmg frame of sufficient size with a fused quartz window, 
but for all practical purposes we find that pinning the 
chromatogram paperoverthephotographiopaper on a piano 
convex surface (a piece of plywood fastened to a board with 
a small strip of wood under the centre to bow the former out 
a little (Pig 2)) IS entirely satisfactory 

After development the paper is fi.ved and washed m the 
nsualwaj If it is necessarj todry thepaperrapidlvitshould 
be hath^ after washmg in ethanol or acetone and then 
dabbed with a clean cloth Dimensional changes m the print 
appear to be negligible, but if they should be a source of 
trouble similar emulsions may be obtamed coated on water 
proof paper, cellulose acetate or glass 
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The positions of absorbing substances may be seen on the 
developed papers as light areas (Fig 3) and these prints 
serve as a permanent record of each experunent 
Tor many purposes the photographic image alone will 
suffice, but if the spots need to be extracted, their positions 
may be ^ound by ehming a light through the photographic 
paper and drawmg their outlines on the filter paper, which 
IS registered by means of pencil hnes or other reference marks 
made on the latter and which show up on the pnnt As 
a general routme we wnte all the necessary data m pencil on 
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mvestigated (exclndmg certam methylated denvatives) were 
less than 0 5, the lower edge of the paper was cut to a pomt 
and the solvent front was run well beyond the end of the 
paper and a substance of known Fj. value, usually adenme, 
was used as a marker Two dimensional chromatograms 
were run on standard sheets of filter paper m large glass sided 
boxes Solutions were placed on the paper m small areas 
6 cm from the upper edge, either with small glass capillary 
tubes, or, for quantitative work, with a Burroughs Well 
come Agla syringe Volumes of 10-20 /d of solutions con 
taming less than 60 pg of mdividual substances were used 


I 1 3 ^ S' 
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Tig 3 Tnnt of chromatogram run for 9 hr m n butanol 
formic acid to illustrate pomts m text Mixtures were put 
on at spots 1-5 and each column reads from the top down 
wards (1) Uno acid, 6 8 dihydrox 3 rpunne and hypo 
xanthme, and (2) guamne and adenme, both showing effect 
of OH groups, (3) adenosme and adenme, and (4) cytidme 
and cytosme, showmg effect of nbose, (6) xanthme, 3 
methylxanthine, 3 7 dimethylxanthme (theobromme) 
and 13 7 tnmethylxanthme (caffeme) showing effect of 
methylation, (Note To resolve all these substances when 
present together several solvents would have to be used 
and the clmomatograms run for longer times ) 

the filter paper so that it is recorded on the prmt as well The 
areas of filter paper correspondmg with the spots on the 
photographic pnnt are cut out and extracted m 6 ml of 
water or 0 In HCl for estimation m a Beckman photo 
electno spectrophotometer Areas identical m size are out 
firom adjacent stnps for use as blanks (see HotchkiBS, 1948) 

(6) Chromatographic technique 

All chromatograms were run on Whatman no 1 paper 
Tor amgle dimensional work sheets 13 x 33 cm were run m 
glass battery jars As the Rp values of most of the substances 


(c) Choice of solvent 

Naturally m this work solvents such os phenol, qumohne, 
coUidme, etc , which absorb heavily m the ultraviolet and are 
difficult to remove from the paper must be avoided if possible 
Several ahphatio alcohols and ketones were tried, but 
« butanol saturated with water (14% water m butanol 
(v/v) , Hotchkiss, 1948) proved the most useful basic solvent 
for the separation of the bases and the nucleosides. Tor 
a satisfactory differentiation between hydroxy and ammo 
punnes and pynmidmes (Tig 3), either ammoma was added 
to the vapour phase or the solvent was acidified The i^stems 
used most fiequentlv were (1) a mixture containing 90% 
n butanol saturated with water and 10 % glacial fonmo acid 
(v/v), (2) n-butanol saturated with water m the presence of 
an atmosphere contammg NH,, (3) n butanol saturated 
with water Tor two-dimensional chromatograms a com 
bmation of (1) and (2) will separate all the substances likely 
to be encountered m nucleic acid hydrolysates (mcludmg 
xanthine and hypoxanthme, traces of which are usually 
present) 

(d) Materials 

(Cytidme and undme were obtamed from Dr J Davoll and 
yeast adenyhc acid from Dr T Mann The methylated 
lanthmes and 6 8 dihydroxypunne were from Prof. D 
Keilm, T R S Ciytoame was obtamed by hydrolysis of 
oytidmentl46°mON HCL Though hydrolysis was practically 
complete no trace of uracil was found, although we have 
confirmed the observation of Vischer & Chargaff (19486) that 
dunng the acid hydrolysis of nucleic acids some uracil Is 
formed from cytosme Thymme was obtamed from thymus 
nncleie acid by hydrolysis The other substances were 
commercial products 

RESULTS 

Table 1 gives the positions on the ohromatogramB 
of punnes and pymnidines and some of their 
derivatives in various solvents This table is only 
mtended as a gmde to the relative positions of these 
substances, as we find a certain amount of variation 
from tune to tune Tor instance, particularly m 
butanol ammoma systems, the pynmidmes, uracil 
and cytosme (and their correspondmg nbosides) are 
very sensitive to changes m the composition of the 
vapour phase and they may change theu relative 
positions In such chromatograms it is necessary to 
use adenme and uracil as markers In the butanol 
formic acid system, adenme and hypoxanthme may 
undergo a similar displacement When r unnin g two- 
dimensional chromatograms it is essential to use 
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Table 1 Rf values of punnea, pyrtmidtnes and nbosides %n various solvents 


Solvent system* 

n Butanol 

n Butanol 

n-Butanol n Butanol 
77% water 60% ethanol 

Amyl 

alcohol 

saturated 

Amyl 

alcohol 

saturated 

Amyl 
alcohol 
saturated 
with water 


86% water 

86% water 

13% formic 16% water 

with 

with 

90% fomuo 

Purmes 

14 % 

14% +NH,t acid 10% 

36% 

water 

water 

acid 10% 

Hypoxanthme 

0 26 

012 

0 30 



016 

0 02 

019 

Xanthme 

0-18 

0 06 

024 



010 

0 

016 

6 8 Dihydroxypurme 

018 

004 

0 24 



0 07 

0 

Oil 

Dno acid 

0-01 

0 

014 



0 

0 

0 06 

3 Methylxanthme 

0 29 

013 

0 32 



019 

— 

— 

1 3 Dimethylxanthme 

0 62 

0 22 

064 



054 

0 12 

0 65 

(tiLeophyllm) 

3 V-Dunethylxantlune 

042 

0-27 

0 47 



028 

0-15 

0 36 

(theobromine) 

3 8 Dimethylianthine 

042 

018 

0 48 



034 



— 

13 7 Tnmethylxanthme 

0 63 

066 

0 71 



0 56 

0 50 

0 67 

{caffeine) 

Adenine 

0 38 

028 

0 33 

0 65 

0 28 

0 16 

0 12 

Guanme 

016 

Oil 

013 

0 37 

0 05 

— 

004 

Punne nbosidea 

Adenosme 

0 20 

022 

012 

0 60 

Oil 

0 09 

004 

Guoaosme 

016 

0 03 

017 

040 

0 02 

0 

0 04 

Pyrmiidmes 

Cytosme 

0 22 

024 

0 26 

0 63 

0 09 

0 09 

0 07 

Uraoil 

0 31 

019 

0 39 

0 46 

0-22 

0 08 

0-23 

Thymme 

0 62 

035 

0 66 



040 





Pynmidme nbosides 

Cytidine 

Undme 

012 

Oil 

018 

042 

0 02 

0 03 

0 03 

017 

0 08 

0 26 

0 49 

005 

0 03 

0 07 


+ °e solvents is given in terms of volume percentages 

T ^ oy voL of NH, solution (sp gr 0 880) ivas added to the solvent mixture m the bottom of the contamer 



I'g t The i-anation of J?j, values of adenvhc aci 

Sr lomcuf 


separate markers in each dimension A prmt is then 
taken of the markers after ninmng m each solvent 
Tlie markers are, of course, placed on the other end 
of the top edge of the filter paper sheet and thus do 
not mterfere 

Solvents which contam httle water do not bring 
about much movement of the phosphorylated de- 
rivatives (nucleotides, dmucleotides, etc ) owmg to 
the much greater relative solubihty of these sub 
stances m water, and consequently they are to be 
found at the position of the ongmal spot m butanol- 
water chromatograms Some separation of these 
substances may bo obtained by the use of solvents 
based on ternary mix tures such as butanol-ethanol- 
water and on completely miscible solvents such as 
propanol water (Fig 4) 

DISCUSSION 

Prom Table 1 it appears that certam generahzations 
as to tlie mov ement of substances contammg certam 
groupmgs may be made, and we enumerate them ns 
follows 

(1) PyTunidmes mo\e faster than the corre 
spondmg punnes For e\ample, uracil runs foster 
than xanthme and cytosme faster than guanme 
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(2) In the presence of ammonia the ammo de- 
rivatives move much faster than the correspondmg 
hydroxy compounds, but on changmg to an acidic 
solvent this difference is greatly decreased and the 
relative positions may even be reversed This is 
particularly evident m the case of the pyrmudmes 
cytosme and uracil (and their nbosides) m which the 
reversal takes place at neutrahty 

(3) Increase m the number of hydroxyl groups 
possessed by a substance decreases its rate of move 
ment m aU the solvents This is illustrated by a com- 
parison of the Rp values of hypoxanthme, 6 8 di- 
hydroxypurme and unc acid, and those of adenme 
and guanine, adenosme and guanosme 

(4) Ribosides move more slowly than the free 
beises but mamtam the same relative positions 

(6) Increasmg methylation tends to mcrease the 
movement of the substances m all the solvents 

Comparing these results with those of other 
workers some pomts of mterest may be noted We 
find, contrary to Hotchkiss (1948), that, when 
present m amounts small enough to be completely 
m solution m the aqueous phase, guanme moves 
at an appreciable rate m butanol mixtures, and 
probably corresponds with the ‘ epiguamne ’ to which 
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he refers This is probably due to the fact that his 
method has too poor a resolution to give a satisfactory 
picture of the chromatogram as a whole 

Except m acidic solvents, uracil always runs m 
our chromatograms more slowly than adenme, con 
trary to the obsenations of Vischer & Chargaff 
(1948o) These and other minor discrepancies would 
appear to be due, m part at least, to the different 
filter paper used by these authors 

SUMMARY 

1 A micromethod for the detection and estima 
tion of purmes, pyrmudmes and related substances 
IS described It is based upon the detection of spots 
of these compounds on paper chromatograms by 
means of a simple contact prmtmg technique usmg 
photographic paper and filtered ultraviolet hght, and 
the sensitivity is such that a few nucrograms may be 
detected 

2 The Rp values of a number of compounds m 
several solvents are tabulated 

3 Certam generalizations are made correlatmg 
chenucal structure with the chromatographic be 
haviour of these substances 
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Studies in Vitamin A 

10 VITAMIN Ai AND RETINENEi IN RELATION TO PHOTOPIC VISION 


By S ball Aim R A MORfTON, Department of Bwchemtsin/, University of Liverpool 

(Received 11 February 1949) 


Scotopic (or low mtensity) vision is related to the 
activity of rods, and photopic (or dayhght) vision 
operates by means of cone receptors When hght 
falls only on rods there is no sensation of colour, and 
the spectral distribution of sensitivity m scotopic 
vision can be mterpreted m terms of one receptor 
substance, rhodopsm For photopic vision, how- 
ever, the phenomena of colour sensation cannot be 
explamed on the basis of a single absorbmg entity 
with a spectrum correspondmg to the photopic 
sensitivity curve Nevertheless, the full cone re 
sponse curve obtamed by electrophysiological 


methods is very smular to the normal photopic 
sensitivity curve 

One mterpretation of the Young-Hehnholtz 
theory is that it imphes the existence of three 
selectively absorbmg substances sensitive to different 
spectral ranges Many workers have attempted to 
measure the responses of different receptors to 
different wavelengths The usual procedure was first 
to expose the eye to filtered (or better monochro 
matic) hght m the hope that the receptor affected 
would be put out of action by photochenucal 
exhaustion The response of another receptor to 
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wavelengths of monochromatic hght withm its own 
range of sensitivity could then be determmed 
Prolonged exposure of the eye to one wavelength, 
however, always produced a reduced response to all 
wavelengths 

Smce 1936, Granit has studied the problem by 
electrophysiological methods (for review see Gramt, 
1947) The comphcatmg rod phenomena were 
el imin ated by pretreatment of the eye with hght 
sufficiently intense to bleach all the rhodopsm After 
removing the lens and cornea, and applymg micro- 
electrodes directly to the retma, Gramt was able to 
pick up responses from individual nerve fibres when 
monochromatic hght fell on the retma, and m that 
way made fundamental advances m the oombmed 
problems of colour sensation and photopio vision 
His Bcotopio action spectra for frog, toad, cat, rabbit, 
pigeon, gumea pig, fresh-water eel, etc were very 
uniform and enabled him to compute the absorption 
spectrum of rhodopsm With hght-adapted eyes 
striking results were obtamed Sensitivity curves 
widely different from the normal photopio sensitivity 
curve were often recorded, and as a result of many 
different senes of experiments Gramt advanced his 
donunator modulator theory 


A donunator is a sensory meohanism, whether scotopio 
or photopio, oharaotenzed by a broad sensitivity curve and 
making available for vision a large range of wavelengths 
The differences between the photopio and scotopio dozni 
nators account for the Purkinje shift, and the scotopio 
dommators correspond with rhodopsm or porphyropsm, 
depondmg upon whether the eye under study makes use of 
vitammAi orvitonunA, The fact that the photopio domi 
nator response curves are always displaced by some 60-70 m/i 
m the direction of longer wavelengths compared with the 
corresponding scotopio curves whether the eyes contam 
vitamm Aj or A, or both, suggests that the receptor sub 
stances may all be related to the vitamms A- The dominator 
curves are concerned with the sensation of brightness and 
arc too broad to allow them an important role in colour 
discrimmation 


Amodulator, on the other hand, is characterized by a mud 
narrower response curve The substantial body of datt 
accumulated by Gramt shows that the modulator actioi 
spectra fall mto groups situated m three spectral regions 
446--170, 620-540 and 680-600 mp There is on added com 
pUcation in the existence of a hght-sensitive modnlator neai 
5W) mp. The most light-resistant modulator appears to hi 
that near COO mp The narrow action spectra make th( 
insulators peculiarly smtablofor colour sensitivity There u 
mSpcndcntovidencothat colour mechanisms are not respon 
Bible for brightness discnmmation (Wnght A Gramt, 1933) 

Tho outstanding implication of Gramt’s work 
from tho present pomt of mew, la that his action 
spectra prov ido serviceable ‘labels’ for hypothetica 
ight absorbing substances concerned m vision, pro 
Mded that the relationship between absorption 
spwtra and action spectra is homo m mmd vsee Ball 

^ DartnaU A Goodeve 
193 < , Hccht, 1937 , AVnld, 1938) 


Von Studnitz (1932) bleached isolated retmas and 
measured the changes m hght absorption at different wave 
lengths, but the evidence he produced for a photosensitive 
cone pigment is techmeaUy questionable He later (von 
Studnitz, 1937) extracted from frog retmae an ether soluble 
material with 660 mp., but when his data are re 
plotted on a scale smtable for comparison mth photopio 
sensitivity it seems that the absoiption curve was broader 
than the ‘donunator’ curve For the tortoise {Tesludo 
graeea) he recorded for the extract at 660 mp , although 
the photopio sensitivity maximum is at 600-610 mp. Using 
the snake Tropidonolus he obtamed extracts with absorption 
maxima at 468, 660 and 660 mp Chose (1938) extracted 
a water soluble cone substance (absorption maximum 
530 mp.), and Wald (1938) deduced from differential photo 
decomposition of chicken retmae an absorption maximum 
at 676 mp , which he attributed to a cone pigment, lodopsm 
Hosoya, Okita & Akime (1938), using the rod free retmae 
of tortoises, claimed to have extracted by means of 2% 
Bodinm cholate three water soluble pigments the absorption 
spectra of which showed maxima at 460, 670 and 670 mp. 
respectively, but the data were not very satisfactory 
HanstrSm (1940) extracted the macular region of monkey 
retmae and found maxima at 460 and 690 mp due to ether 
soluble substances 

Bliss (1046a, b) has confirmed the existence of Wald’s 
lodopsm m ohioken retmae and has been able to extract it, 
although not m a very ‘pure’ state The lodopsm was more 
labile than rhodopsm, and bleachmg by hght produced 
rotmene m ‘large’ amount, but there was no detectable 
change m pH or morgamo phosphate concentration 

That a deficiency of vitamm A impairs scotopio 
vision is by now familiar, but the relationship of 
vitamm A to photopio vision is not so clear out 
Inaemuch as there is no real hmt of any other key 
substance m vision, the next step is to find out 
whether vitamin A is capable of bemg the only key 
substance 

Vitamm A and retmene give nse to deep blue 
solutions with antimony trichloride m chloroform, 
and the sliarpness of the absorption bands, coupled 
with the transient nature of the blue materials, 
suggests that under suitable environmental con- 
ditions vitamm A or retmene might give nse to 
‘ionized’ or ‘halochromic’ molecules (see Mourner 
& Vmet, 1947) resemblmg the modulators of Granit 
When vitamm A or retmene is dissolved m con- 
centrated sulphuric acid or syrupy phosphoric acid 
at temperatures near 0°, coloured solutions are 
product which exhibit well-defined selective ab- 
sorption with maxima correspondmg closely with 
Gramt’s maxima These results eire recorded and 
discussed below 


EXPERIMENTAL 

The matenals used were ciystalhne samples of vitamm A 
alcohol and rctmencj, the ionizing media being HjSOj 
(sp gr 1 84) and Hjf ’04 (sp gr 1 75) The Beckman epectro 
photometer was mied for the quantitative measurement of 
absorption spectra, the Hilger Nutting visnal instrument 
for some quahtative determinations 
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RESULTS 

Vitamin A and sulphuric acid 

A few minute crystals of vitamm A were added to 
about 20 ml of concentrated sulphuric acid and the 
mixture was well shaken The vitanun dissolved 
easily, and a transient purple colour was im 
mediately formed 620 mp ) The blue com- 

ponent of the colour very quickly faded, and the 
solution became bright red with absorption maxima 
at 466, 620 and 680 mp By means of the Hilger 
Nuttmg mstrument the dmunution m mtensity and 
disappearance of the 620 mp band with concomitant 
appearance and mcreasmg mtensity of the 680 mp 
band could be observed, showing clearly an mter 
relationship between the substances responsible for 
these absorption maxima The 620 mp band was 
also unstable and disappeared fairly rapidly at room 
temperature even m the dark If the sulphuric acid 
solution was kept m the sohd state at — 78° m the 
dark, aU three bands persisted for several days 
Under such conditions, i e dissolution of vitamm A 
m very cold sulphuric acid, an absorption band was 
found at 660 mp instead of 680 mp 

When, immediately after mixmg, the sulphuric 
acid solution of vitamm A was agitated with hght 
petroleum, cycZohexane or ether, coloured materials 
did not pass mto the orgamo solvent and ultraviolet 
absorption measurements on the extracts showed 
only the presence of unchanged vitamm A When 
chloroform was used as the extractmg solvent a 
cloudy solution weis obtamed which developed a pink 
colour on standing The absorption spectrum of this 
chloroform extract (Fig 1) showed bands at 460 and 
666 mp , due to separate chemical entities, smce the 
absorption bands disappeared at different rates under 
the influence of heat or hght 

A dilute dispersion of concentrated sulphuno acid 
m chloroform was prepared by shakmg a mixture of 
chloroform and sulphuric acid vigorously for 10 min 
and aUowmg to settle The chloroform solution was 
shghtly cloudy and an mtense bluish red colour was 
immediately obtamed on addition of vitamm A The 
absorption spectrum of this coloured solution (Fig 2) 
was comphcated and exhibited maxima at 470 and 
670 m^ On standmg for 16-26 mm m hght or the 
dark the spectrum was resolved mto a senes of 
absorption bands 

A solution of vitamm A m ethanol gave an mtense 
blue colour with sulphunc acid (A„.v 620 mp ), 
which changed rapidly to a brightred (Xtnmx. S60mp ) 
This red colour also disappeared very qmckly leavmg 
a dirty brown solution which showed no selective 
absorption m the visible or ultraviolet 

Attempts were made to fractionate the coloured 
products of the sulphunc acid reaction, but without 
much success Dilution with water at 0°, followed 


1949 

by neutralization with sodium carbonate or barium 
carbonate produced colourless solutions exhibiting 
no selective absorption m the ultraviolet The best 



(m^) 

Pig 1 Absorption Bpeotmm of chloroform extract of a 

solution of vitamm A m sulphunc acid > measured 

immediately, — •,after24hr mthedark, , after 
24 hr m diffused dayhght 



Fig 2 Absorption spectrum of vitamm A m a chloroform 

dispersion of sulphunc acid , measured immediately, 

after 16 mm of diffused daylight, , after 

26 mm m the dark 

results were obtamed by mixin g solutions of 
vitamm A m ethanol with sulphuric acid at tern 
peratures just high enough to keep the acid hqmd 
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These mixtures were diluted with ice and water, 
treated with anhydrous sodium carbonate until 
effervescence ceased, and then extracted with 
chloroform The chloroform solutions obtained m 
this manner were bluish green m colour, the absorp 
tion spectra showmg maxuna at 380 and 465 m/i 
The coloured products were stable at — 80° m the 
dark, but faded rapidly on exposure to hght or 
warming to room temperature 

Vttamm A and phosphoric acid 

A sample of vitamm A (E{^ 980 at 326 m/i m 
cyclohexane) dissolved m a httle ethanol, was stirred 
mto pho^honc acid A blue solution 620m/i. ) 
was obtamed at first, but rapidly became red with 
absorption maxima at 480, 640 and 600 mp (Fig 3) 



(m/i.) 


Fig 3 Absorption spectrum of vitamm A in phosphoric acid 

— measured immediately, . , after 5 hr m the 

dork , , after 6 hr m diffused daylight 


The 000 mg maximum disappeared qmckly at roo 

temperature m the dark, but the 480 mg band pe 
sisted mder these conditions However, the 480m 
band decrcMed m mtensity on exposmg the solutu 
to light, and after 6 lir absorption bands of appro: 

^ mtensity were found at 460 ai 

Doling ytersiir m the dark, the 640 mg maximu 
mis displaced to 620 mg , wliile a su^ar samr 

Sr^g inflexion 

Itetuimc and sidphunc acid 

sohUmn'TT chloroform and t 

solution shaken with sulphuric acid, the acid lav 

n the chlltoi 

p 1110 604 mg ) Usmg hght petroleum 

the sohont for retinone, no cotour dev^lTt 


petroleum phase, although the acid layer agam 
becomes red Treatment of sohd retmene with 
sulphuno £icid gave a purphsh red solution, the blue 
component of which disappeared rapidly, leavmg 
a red colour A complex absorption spectrum was 
observed with nEtrrow absorptiou bands at 380, 440, 
460, 620 and 660 mg (Fig 4) These absorption 
maxima disappeared rapidly at room temperature, 
but persisted well at — 80° After dilution with ice 
and water, the acid was neutralized with anhydrous 
sodium carbonate and the solution shaken with 
chloroform A colourless chloroform extract was 
obtamed, the spectrum showmg no selective ab 
sorption m the ultraviolet region When this 
chloroform solution was treated with the antimony 
trichloride reagent a red coloration was obtamed, 



(mg.) 


Fig 4 Absorption Bpectmm of retmene m anlphuno acid 

, measured immediately, , after 5 mm m 

diffused daylight 

the absorption spectrum showing maxima at 495, 
626 and 690 mg 

When a solution of retmene m ethanol was stirred 
mto sulphuric acid, the temperature bemg j ust abo\ e 
tlie melting pomt of the acid, an intense blue colour 
was obtamed 664 mg ) This rapidly changed 
to mbyf red, absorption maxuna bemg observ ed at 
420, 520 and 570 mg The solution was diluted, 
neutralized and extracted as described above, the 
chloroform extract showed no selectii e absorption 
m the vTBible and ultraviolet regions of the spectrum 
With the antimony trichloride reagent a red solution 
was obtamed, the absorption spectrum of winch 
showed bands at 495, 525 and 590 mg as above In 
the ongmal acid solution it was observed that 
exposure to hght reduced the intensity of eacli 
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absorption band, the 670 m/i Tnn -yimnm dimmiRbir^ g 
more rapidly than the others After 6 nun m diffuse 
dayhght the 67 0 m^ band had disappeared, whereas 
the other bands were stih quite mtenso 

With sulphuno acid dispersed in chloroform 
retmene gave a blue solution (A„„ 664 mp ) which 
soon became red The absorption spectrum then 
exhibited maxima at 390, 616 and 660 mp , all tliree 
bands bemg reduced m mtensity by exposure to 
hght or standmg m the dark at room temperature 

Reltnene and phosphoric acid 

Sohd retmene dissolved readily m syrupy phos- 
phoric acid to produce a red solution, a transient 
blue colour bemg formed first The coloured sub- 
stances were markedly unstable unless the solution 
was kept at — 80°, but mcreased stability was 
achieved by dissolvmg the retmene m a httle ethanol 



Tig 6 Absorption spectrum of retmene m phosphono aad 

, measured immediately, , a^r 2 hr m the 

dark at 0° - , after 2 hr m diffused dayhght at 

room temperature 

before addmg the acid The blue coloration was then 
recogmzed as due to a substance with A,„.^ at 
664 mp , and further bands were found at 410, 460 
and 660 mp m the absorption spectrum measured 
shortly after nuxmg (Fig 6) A pronounced inflexion 
was observed at 620 mp After the solution had been 
left m the dark at 0° for 2 hr the absorption 
spectrum was remeasured The 660 mp maximum 
had decreased m mtensity by more than half, the 
460 mp maximum had disappeared and the 520 mp 
inflexion had become a sharp maximum at 600 mp 
The 410 mp maximum had remamed unchanged 
during this tune, and new absorption bands of low 
intensity were apparently responsible for the pro 
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nouncedmflexionsat470and686mp These changes 
are recorded m Fig 6, together with the results 
obtamed when a similar solution was kept at room 
temperature m diffuse dayhght for 2 hr 

A quantitative determmation of the mtensity of 
the 660 mp maximum was rapidly earned out, the 
startmg material being retmene of 1400 at 

383 mp m ethanol Although the band was de- 
ereasmg rapidly during the measurement, an JSj ^ 
value of 2480 was obtamed at 660 mp It dropped 
to 1884 m 3 mm , and m 2 hr there was no maximum 
at that wavelength Many similar measurements 
were made, but it was diflBcult to distinguish sharply 
between thermal and photochemical processes It 
seems, however, probable that the substances re 
sponsible for the 410 and 600 mp bands €u?e stable 
to bght even at room temperature, while the 660 and 
460 mp materials are labile to both heat and hght 
Examm ation of the different senes of results obtamed 
mdicated that the absorption bands at 410-460mp , 
660 and 664 mp are due to separate chemical 
entities, because they did not appear and disappettr 
together It is probable, however, that the material 
responsible for the 664 mp band is the precursor of 
the other substances, smee it was always produced 
first and as the 664 mp maximum diminished so the 
other absoiption bands became more promment 

When solutions of retmene m ethanol are mixed 
with phosphono acid, a senes of colour changes 
occurs The solutions are blue immediately after 
mixing, and pass through violet and red stages before 
becoming brown Attempts made to extract fractions 
of the coloured matenals at different stages by 
shetking with common organic solvents met with 
httle success The coloured substances mvanably 
remamed m the acid phase Dilutiou with ice and 
water before extraction produced a yellow chloro 
form extract, the absorption spectrum bemg flat and 
featureless, except for a maximum of low intensity 
at 300 mp Wlien this chloroform solution was 
treated with the SbCl, reagent a red solution was 
obtained, the absorption spectrum of which showed 
mtense hands at 47 6 and 620 mp , and weak bands 
at 606 and 636 mp 

Additional observations The use of concentrated 
hydrochlono acid gave results similar to those 
obtamed with phosphoric and sulphuno acids, though 
m this case the absorption spectra were not measured 
m detail However, the same colour changes were 
noted, 1 e transient blue, passmg through mtense 
red to duty brown, the sequence of changes bemg 
very much more rapid with hydrochlono acid than 
with either of the other acids 

Attempts to fractionate the different matenals by 
chromatography failed, although both Ineselguhr 
and aiumma columns adsorbed the coloured pro- 
ducts from the chloroform acid-vitamm A reaction 
mixture The substances remamed adsorbed m a 
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naxTow zone at the top, jirespeotive of which organio vitamin A molecule, which undergoes polarization 
solvent was used for development It was found that and forms positively charged strongly resonatmg 
the colour reactions of vitamin A and retmene with structures 

sulphuric acid were inhibited by dilution of the acid As a first possibdity, Meumer (1942) suggests that 
with water In 60 and 80 % (v/v) concentrations, the hydroxyl group of vitamm A attaches itself to 
sulphuno acid gives no coloration with vitamm A or the acid earth leavmg apositivelyohargedcarbomum 
retmene ion With this t 3 rpe of structure the positive charge 

Table 1 Comparison of the action spectra of Qramt's modulators and the absorption spectra of intamin A 

and retmene dissolved in strongly acidic solvents 


(Wavelengths of maximum absorption, m mp.) 


Rhodopsm 

— 

600 

— 

— 

, — 

— 

lodopsm 

— 

— 

— 

660 

— 

— 

DommatorB 

— 

600 

— 

660 

— 

— 

Modulators 

469-466 

600 

620-630 

— 

680-610 

— 

Vitamin A m cone HjSO^ 

466 

— 

620-A30 

— 

690 

620 

Vitamm A mcono HjPOi 
Retmene m cono HjBO< 

440-480 



620 





620 

440-460 



620 

660 

— 

664 

Retmene mcono H 3 PO 4 

470 

600 

— 

660 

690 

664 


DISCUSSION 

The absorption spectra observed when vit€irmn A or 
retmene is dissolved m concentrated sulphuric acid 
or syrupy phosphoric acid bear a atnkmg resemblance 
to the action spectra of Granit’s modulators (see 
Gramt, 1947) This similarity is obvious from the 
summary of both sets of results given m Table 1 

Granit’s modulator mamma fall roughly mto three 
speotralranges, and the absorption mamma obtamed 
by the mmeral acid reactions also fall mto similar 
groups Some additions to Qramt’s maxima must 
be noted, e g the 660 and 660 mp bands obtamed 
from retmene 

There can be httle doubt that the absorption 
bands obtamed are oharaotenstio of ‘ionized’ or 
halocliromio ’ molecules, as has been postulated by 
Meumer (1942) for the blue colour obtamed when 
vitamm A is treated with the antimony trichloride 
reagent Vitamm A gives a similar blue colour when 



adsorbed on certain acid earths, e g montmonl- 
lonite, and ilounier (1942) suggested that the 
mec loiiism n as similar to that of the antimony 
nc 1 on o reaction These acid earths (or antimony 
no i on e) possess mcomplete electromc octets and 
are a o to accept unshared electrons from the 


would resonate through a system of five con- 
jugated double bonds givmg rise to the 620 mp 
mammnm 

As a second mechanism Meumer postulated a 
polarization of the double bond nearest to the 
primary aJeohohe groiipmg and resonance between 
the following limitmg forms 



(or SbClj) 



With this type of structure the positive charge 
would resonate through a system of four conjugated 
double bonds givmg rise to the 690 mp maximum 
Meumer & Vmet (1947), carrymg the procedure still 
further, suggest that resonance of a positive charge 
through two and three conjugated double bonds 
would give nse to maxima at 600 and 640 mp 
respectively 

The absorption bands obtamed with morgamc 
reagents ore apparently narrower than those imphed 
by Gramt’s action spectra, this difficultv will be 
discussed m a later paper 

The photopic receptor substances, presumabh 
conjugated protems, must be present at the cone 
surfaces, thej must be relativelj thermostable as 
otherwise there would be a spontaneous sensation 
of hght (de Vnes, 1948), and when detached from 
the protem moiety, the halochromic or ionized pros 
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thetic grouping derived from vitamin A or retmene 
would yield no matenala not known to be present 
m the eye 

CONCLUSIONS 

The modulator analogues which have been obtamed 
fulfil nearly aU the requirements of the colour 
receptors whose presence is unphed by Gramt’s 
work, e g durmg fadmg processes, the maxima faU 
at different rates, suggesting the presence, not of one 
product with several bands, but of several products 
with one maximum to each The conditions under 
which these modulator analogues have been pro- 
duced are obviously unphysiological 

If the problem posed by Gramt’s modulators is 
put m the form of a query whether or not the mtamm 
A-retmene oxidation-reduction system could possibly 
account for the phenomena obser\’'ed, the answer 
IS clearly m the aflfinnative Which catalysts, old 
or new, must be mvoked before the modulator 
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analogues can be obtamed under less obviously 
unphj^iological conditions is a matter for further 
research 

SUMMARY 

1 The absorption spectra of vitamm A and of 
retmenoi m concentrated sulphuric, phosphonc and 
hydrochloric acids have been studied Sharp 
absorption bands cbaractenstic of unstable lomzed 
molecules were obtamed 

2 The results show that vitamm A and retmenOi 
can give nse in intro to materials simulating the 
photopic modulators of Gramt 

3 The hypothesis that the system vitamm A 
retmenej is important m photopic as well as scotopio 
vision 18 strengthened 

We are indebted to the Medical Research Connoil and 
the Ministry of Food for financial assistance, and to Dr A. L 
StnbbsandDrF D CoUmsforhelpin the course of the work 
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11 REACTIONS OF RETINENEi WITH AMINO COMPOUNDS 


By S ball, F D COLLINS, P D DALVT and R A MORTON 
Biochemistry Department, University of Liverpool 

(Received 11 February 1940) 


Rhodopsm or visual purple is a conjugated protem 
obtained from dark adapted retmae of many species 
The prosthetic group is responsible for the colour 
500 photosensitivity, and is derived 

from vitamm A or its aldehyde retmene^ No 
explanation has so far been advanced to account 
satisfactorily for the displacement of A..- from 
either 328 mp, (vitaminA) or 370-390 mp (retmene^) 
to 600 mp 

The decomposition product of rhodopsm known 


as mdicator yellow shows A.v 440 mp m acid 
solution and 366 mp m alkahne solution Neither 
the pH sensitiinty nor the 440 mp maximum has 
been properly accounted for 

The mteraction of purified retmene^ with ammo 
compounds throws some hght on these problems 
A pre limin ary account of the work (Ball, Collins, 
Morton & Stubbs, 1948) has appeared, and 
the present paper carries the study a stage 
further 
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EXPERIMENTAL 

General procedure (o) A solution of crvstuUmo rctmenoi 
in ethanol (about 10^ si) ivas prepared so that tho optical 
density (E) at 380-390 mp. svns 1 6—2 6, for a 1 cm layer 
To the solution (2 mL) ivas added an aqueous solution of 
ammo compound (2 ml ) In some cases the latter solution 
iras nearly saturated, and m all cases the concentration 
exceeded lO"* m. To the mixture, 0 aqueous NaOH (2 ml ) 
■was added, and the final mixture was left to stand at room 
temperature for 15-30 mm The absorption spectrum of the 
solution ivas then measured. Next, cone HCl (1 drop) ivas 
added and the absorption spectrum redetermmed, usmg 
a compensatiug cell contavnmg water The Beckman spectre 
photometer was used throughout In general, tho alkalmo 
solutiona showed X.„., 360-370 mp. and tho acidified solu 
tions 435-460 mp. 

General procedure (6) A number of ammo compounds in 
which the NHj group is attached directly to the benzene 
nng produce a reddish colour with retmencj m the presence 
of amd. Pretreatment with alkahis not necessary, and A.,, 
appears at 490-536 mp. dependmg on the nature of tho 
ammo compound. 

^Conditions of interaction of rc/inensj and ammo compounds 
The effect of raiying the molecular ratio ammo com 
pound/retmenci has been mvestigated m the case of 
^ alamne 


Aniline and various compounds related to it pro- 
duce on the other hand a colour m acid solution 
immediately on mixmg, no treatment with alkah 



Wavelength (n\u ) 


Fig 2 Absorption spectrum of retmene^ plus )3 alamne (m 
excess) A, after standing (10 mm ) m alkaline medium, 
B, after subsequent acidification Retmene concentration 
1 3 X 1 cm cell 


RESULTS 

A variety of compounds contauung ammo groups 
has been tned by procedure (a) Urea, formanude 
and dimethylamme significantly failed to shift the 



retmenej plus methylamm 


spectrum Simple ammea 
S 7dB.^^eUastyro^eandti^ 

phan, reacted slowly with retmene, in alk 

to I'eT?™' ‘ of 380 

solution, im or 

precipitate is sometunes formed (Table 1) 


Table 1 Wavelengths of maximum absorption of 
mixtures of retinenej and ammo compounds m 
aqueous ethanol 


(The nuitures were first made alkahne and left to stand 
and then acidified. The ammo compound was m considerable 
excess over retmene^ ) 


Ammo 

A„.„ m alkah 

A"., m acid 

compound 

(mp.) 

(mp.) 

Methylamme 

360-366 

436 

Dimethylamme 

386-390 

386-300 (no change) 

Benzylamme 

366 

446 

Urea 

386-300 

386-390 (no change) 

Ponnamide 

386-300 

386-390 (no change) 

Qlyome 

372 

440-446 

P Alamne 

366 

440 

Serme 

370 

436-440 

Isoleucme 

370 

460-466 

Tyrosme 

366 

446 

Tryptophan 

360-366 

446 

Glutaraio acid 

376 

436-440 

Lysme 

366 

440-445 

Argimne 

366-370 

460 

Egg albmnm 

370 

460 

Peptone 

366 

440 

Edestm 

380 

465 

Trypsm 

Solution not 
clear 

360 

440-460 

Gelatm 

440 

Casern 

360 

Orange yellow 
precipitate 

Zem 

360-366 

Orange yellow 
precipitate 


bemg necessary (Fig 3, anihne. Fig 4, p-ammo 
benzoic acid ) This colour is due to a chromophore 
with 490-636 mp (Table 2) 
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Table 2 Wavelengths of maximum absorption of 
mixtures of reimene^ and amino compounds, whudi 
result in visible colour in acid solutions without 
prdiminary treatment with alkali 


In procedure (a) it is necessary to have the ammo 
compound in excess over the retmenOj if the change 
^ 'Lmi. from 380-390 to 360-370 xnp in alkah is to 
be effected qmckly (eg m 10 mm ) The molecular 


Ammo compound 
Anilme 
Methylanilme 
Benzylamlme 
Drmethylamime 

1 Naphthylamme 

2 Naphthylamme 
p Tolmdme 

0 Ammophenol 
p Ammobenzoio acid 
Anthraiuho acid 
p Ammohenzenesnlphonamide 
Diphenylamme 


/ L>-r m aoid solution 
(mp.) 

490-600 

490 

490 

No colour produced 
600 
616 
600 
606 
630 
620 
620 
636 


ratio of, for example, ^ alamne/retmene needs to be 
about 200, but a smaller excess will show the dis 
placement m 48 hr (Table 3) Even m qmte 
alkahne media (0 033M-NaOH) there is no shift m 
^.T when p alamne and retmenoj are mixed m 
equunolecular proportions With excess of f alamne 
the reaction occurs readily m 0 033M:-NaOH, but 
very slowly m neutral solution (measured pH 6 98), 
a small shift only being obtamed after 48 hr 

Table 3 Interaction of retinenci and ^ alanine 
in 0 OSSm NaOH and ethanol 



Fig 3 Absorption spectrum of retmenej plus anihne (m ex 
cess) macidsolution, retmene concentration! 58 x 10“'’ si, 
I cm ceU. 



Big 4 Absorption spectrum of retmene, plusp aimnobenzoio 

acid acidified, , solution exammed at once, , 

after 6 hr exposure to difiused dayhght, - , after 
10 hr exposure to dayhght 


(The mixture was left to stand and then acidified with one 
drop cone HCl, retmene, 1 3 x 10“‘m, ^ alonme m excess ) 



Alkahne 

Acidified 

Tune, NaOH 

Molar ratio 

solution 

solution 

solution was 

alamne/retmene (my.) 

(my.) 

left to stand 

06 

386 

385 

48 hr 

1 

376 

386 

48 hr 

30 

370 

395 

48 hr 

60 

390 

396 

10 mm 

60 

366 

407 

48 hr 

120 

370 

410-416 

10 mm 

180 

370 

426 

10 mm 

240 

366 

430 

10 mm 

480 

366 

440 

10 mm 

600 

366 

440 

10 mm 


Retmene, (33 mg ) and p alamne (6 mg ) were 
dissolved m ethanol (2inl ), 0 In ethanohe NaOH 
(2 ml) added, the mixture allowed to stand for 
several hours m the dark and then acidified with 
concentrated hydrochloric acid The solution became 
dark red (A,„^ 440-460 my , usmg a small portion 
diluted with ethanol) If one drop of the red solution 
was diluted with water, the colour disappeared and 
occurred at about 390 my The solute obtamed 
by removal of solvent in vacuo from the red solution 
was ins oluble m hght petroleum, but soluble m 
chloroform (\,„„ 466 my ) The red solution showed 
no spectroscopic evidence of free retmene m ap- 
preciable proportion, although the retmene, and 
jS alamne were used m the molecular ratio 2 1 
Those anuno compounds which result m of 

about 600 my permit an approximately quantitative 

study of colour mtensity (E at 490—500 my ) m 
relation to concentration of reactants and com 
buung proportions This is possible for the 600 my 
ohromogen because retmene, has no appreciable 
absorption at that wavelength, whereas the over 
lappmg of the 440 my absorption and retmene, 
absorption is a serious comphcation Benzyl anih ne, 
which gives mp although it has only one 

available hydrogen, was used for the stoicheiometrio 
test Table 4 illustrates the results The assumption 
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Table 4 Interaction of retinenei and 
bemylanihne %n acid solution 

[resultant] 

~ [retinene] [amine] 


Retmene 

Benzylanilme 



concentration 

concentration 

F490mp. 


(ji X 10-‘) 

(m X 10-‘) 

(corr ) 

K 

169 

169 

0139 

186x10* 

169 

318 

0 246 

1 96 X 10* 

169 

7 95 

0 392 

1 68 X 10* 

169 

16 9 

0 616 

1 69 X 10* 

169 

Large excess 

0 723 

— 


that one molecule of retmene reacts ivitb two mole- 
cules of ben 2 ylamlme does not lead to an eqmbbnum 
constant, but a reasonably good constant is obtamed 
on the basis of one molecule of retmene reactmg with 
one molecule of benzylamhne 

DISCUSSION 

To some extent the large excess of ammo compounds 
needed m these experrmenta reflects the fact that 
very high dilution is needed for the spectrophoto- 
metry The evidence, however, pomts to the mter- 
action of two molecules of retmenej with one 
molecule of methylamme, glycme, etc , smce one 
molecule of retmene^ with one molecule of aliphatic 
amme could scarcely give the mdicator yellow type 
of spectrum This imphes that conjugated proteins 
resembhng and mcludmg mdicator yellow itself 
possess two retmenej molecules attached to the same 
ammo mtrogen atom The molecular extmction 
coefficients of the methylamme derivative are about 

63.000 and 46,600 m alkahne and acid media 
respectively {caloulated/mole of retmenej) The 

alanma derivative shows * t ’ values of about 

49.000 and 40,000 As the e values for vitamm A and 
retinenei are respectively 60,000 and about 40,000, 
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the chromophono change is confined to a displace 
ment of wavelength 

The structural possibihties for the mteraction of 
retmenej and A^-benzj lanihne are hmited and the 
structure shown here is the most plausible one There 



(acid form) 


are senous objections against the assumption that 
the results of Table 1 suggest that rhodopsm 
contains a mtrogen atom attached both to an 
aromatic rmg and a retmene type of molecule — 
especially smce that would imply a different linkage 
m mdicator yellow from that m rhodopsm Indeed 
it IS not necessarily true that rhodopsm is a retmene, 
rather than a mtarmn A denvative, although 
mdicator yellow is certainly denved structurally 
from retmenOi These, and other pomts concemmg 
mdicator yellow obtamed from retmae, wiU be 
discussed m a later paper 

SUMMARY 

1 Retmenej, left to stand for a short time m 
alkahne solution with excess of many ammo com 
povmds and protems, exhibits the absorption 
spectrum of alkahne mdicator yellow, and on 
acidification shows that of acid mdicator yeUow 

2 Retmenei , treated m acid solution with 
anilin e and ffimil nr compounds, gives a red solution 
with about 600 m/i This shows that retmene 
can give rise to a rhodopsm like ohromophore 
although m a different way from rhodopsm 

We are mdebted to the Medical Research Council and the 
Ministry of Food for financial assistance Oneof us (FJ) C ) 
IS theholder of a N e wZealandNational E esearoh Scholarship 
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By R K BARUA a2jd R A MORTON 
Department of Btochemrstry, University of Liverpool 

{Received 9 March 1949) 


Whale hver oil is valued for its vitamin A content, 
but this has so far been diffi cult to determine 
Indeed, there has been no satisfactory alternative 
to the biological assay, which is itself of hnnted 
utihty, if only because the fiducial limi ts of error 
(P= 0 95), using eighty rats, may often be no better 
than 70-140% of the estimated potency Whale 
hver oil is, moreover, a very variable material The 
crude oil, obtamed by processiag hvera at sea or 
m Antarctic stations, usually contains phospho- 
hpins, water, fine fatty acids and vita min A decom- 
position products, as well as other impurities In 
addition there is kitol, a substance not known to 
occur m comparable quantity m any other fat The 
refined whale-hver oils of commerce also vary con- 
siderably Qmte apart fi-om the fairly wide range 
of vitamm A content m crude oils, the refined oils are 
obtamed m different ways and the resultmg products 
are better described as concentrates In some, the 
vitamm A may exist mainly m ester form, and m 
others it may be predommantly present as the fine 
alcohol The concentrates are often relatively fine 
fi-om oxidation products derived fi:om mtamm A, 
but they are rarely, if ever, fine from kitol Anhydro- 
vitamm A (almost certainly an artifact) is also 
present to a variable extent m whale hver oil 
samples 

Some decomposition of vitamm is perhaps un- 
avoidable as a result of the difficulties inherent m 
workmg up m factory ships largo amounts of hver 
contammg only a low percentage of fat Opmions 
have differed as to whether kitol is or is not present 
m the hver of the hvmg animal In any ceise the 
presence of anhydrovitamm A, of oxidation products 
and of kitol, gives nse to senous difficulties when the 
ultraviolet absorption or the antimony tnchlonde 
colour test is used to determme vitamm A m whale- 
hver ods or concentrates Am ong the mterfermg 
substances, kitol is specially mterestmg because its 
biogenesis and possible function await elucidation 

Edisbury, Morgan & Morton (1936) found that, 
compared with fish-hver ods, whale-hver oils and 
concentrates exhibited anomalous ultraviolet ab 
sorption and abnormal colour tests, and Edisbury, 
Morton, Rntchard & Wdkmson (1937) described a 
fiectionation of unsaponifiable extracts by parti- 
tioning between hght petroleum and 83 % (v/v) 


aqueous ethanol The fraction soluble m 83% 
ethanol contamed nearly all the vitamm A, whilst 
the hght petroleum soluble fraction showed an ultra 
violet absorption curve with a maximum at 285- 
290 mp and gave a purple rather than a blue colour 
with the antimony tnchlonde reagent (AM— 694 
and 496 mp) The (286 mp.) value was raised 

to 240 (which would to day be regarded as mdicatmg 
30-35 % kitol), and the biological assay indicated 
about 17,900 1 u /g , corresponding possibly to about 
0 5 % of residual vitamm A or a very low mtnnsic 
potency for the new substance 

Embree & Shantz (1943) subjected to molecular 
distillation a de sterolated whale hver oil con 
centrate dissolved m a maize oil fi-action and 
ehmmated vitamm A at 160“ The residue yielded 
a non-saponifiable firaction, which, after chromato 
graphy on alumina, yielded a resm exhibitmg 
A „.— 290 mp, DlSn. 580, and m the colour test 
showing maxima at 428, 606 and 680 mp They 
named the mam constituent kitol When the matenal 
was again subjectedto molecular distillation ehmma 
tion began at 1 76° and became maximal at 225° The 
product was, however, less pure than before, because 
the kitol had decomposed, yieldmg a certam amount 
of vitamm A 

Embree & Shantz (1943) reported the foUowmg 
composition and characteristic properties of kitol 
Mol wt 676 Formula, C 4 oH 58 (OH)j Yield of 
vitamm A by thermal decomposition 1 mol 
vitamm/mol kitol [cc]m6i — 1 36 286 mp, 

EJ ;„.680 

Baxter, Clough, Kascher & Robeson (1947) 
obtamed a similar product with ElSn. (290 mp^) 
68 6, and firom it obtamed kitol crystals (m p 88-90 ) 
after first obtammg a crystallme di p phenylazo 
benzoate The pure kitol gave El So. (290 mp ) ^707 
and the formula Cj|]H 5 e(OHi) was confirmed 
Geometric isomerism comphcated the work on kitol 
esters It is thus clear that kitol is a di(vitamm A), 
but its structure has not been elucidated and it 
cannot be ' depolymenzed ’ by any method short of 
pyrogenic decomposition 

The present paper is concerned with (a) gainmg 
further information about kitol, m particular 
whether it is or is not an artifact, and (6) the solution 
of the problem of analysing whale hver oils for 
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vitamin A The background of (6) is discussed later 
(P 314) 

Hickman (1943) has suggested that kitol is a 
detoxication product in the sense that an * excessive ’ 
accumulation of vitamm A is prevented -when the 
inactive dunende is formed m the whale hver Tins 
18 a legitimate enough speculation, but even its 
narrovrer imphcations have yet to be studied Thus, 
the kitol/vitamin A ratio might perhaps vary ivitli 
the potency of the oil and perhaps with the age of 
the whale On the other hand, if kitol were found to 
be a normal constituent of whale blood and milk the 
suggestion would need to be reconsidered 


EXPERIMENTAL 

Whale mill, Kitol 

Only one eample of mTUf, and that from a fm whale, has 
reaohrf ns It contamed 16% fat (0 7% of nnaaponifiable 
matter), approx. 380 nu vitamm A/100 g milk and showed 
nltraviolet absorption consistent with the presence of some 
kitol (Fig 1) Examination for kitol of inilka &om sperm 
whales and bine whales is desirable, but material is not 
easily obtomed. 



Pig 1 Ultraviolet absorption spectrum of fin whale 
milk hpid, 1 76 % in cyclohexane, 1 cm 


Whale liver oU 

The crude commercial ofl is usually very dark and higl 
^rous Onr early attempts to prepare pure kitol esters wi 
dered by the presence of free fatty acids and phospl 
pins m e material subjected to chromatographic adsoi 
soZm ^ obtained with acetoi 

^blefractiOM.particularlythoseobtamedmthelaboratc 

which phosphohp; 

tend petroleum is a disadvantage, because th 

fnllnm btol esters m chromatography T 

Mowing section iUnstrates the difficulty 

odT“lc‘!?”’" Crude eperm whale-fr 

The residn^ resiauB (fr766 g ) was dried m a current of O 
aroWm’ petroleum, was poured 

grai^^ strength alumina The chroma 

gram was developed with light petroleum The eluate e 
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tamed 0 41 g of matenal giving no colour with SbCl, 
reagent and only weak general absorption m the ultraviolet 
with a famt inflexion at 276 m/i. 

Further development with light petroleum ether mixture 
(4 1) gave 0 097 g of a pale y^ow oil, 290 mp., 
^ 121, and ether ethanol mixtures gave 0 163 g of pale 
oil, 295 my., 167 Ether extracted most of the 
residual matenal There seems to be m whale hver oil a 
substance of which kitol is a component and possessing an 
•®i m ■rnlne near 160 

By dissolvmg crude sperm whale hver oil m hght 
jietrolonm and addmg acetone, a phosphohpm fraction is 
thrown out of solution The insolnble matenal may be 
rediBsolvcd m petroleum and reprempitated by means of 
acetone K this is repeated several tunes the matenal 
adsorbing selectivelv at 290 mp can be removed. The 
residual phosphohpm shows a feeble inflexion at 276 mp , 
and after chromatography the vanous firactions exhibit 
m 23 6-32 4 The petroleum solnblo phospho 

Lpm (0 61 g ) yielded 0 063 g of nnsaponifiable matter with 
290 mp., FJ ^ 40 Most of the ultraviolet absorption 
ofthe phosphohpm was thus due to saponifiable constituents, 
but a small amount of matenal which does not give a colour 
with the SbClj reagent is present and remains to be accounted 
for 

Although the mam pomt of this section is to show the need 
for ehmmatmg phosphohpms it is dear that they are 
likely to repay further study It is possible that kitol may 
play a part m glycende phosphohpm exobanges It may well 
be that an mvestigation of the bpids of the absorptive 
portions of the whale mtestmal tract would be worth while, 
m spite of the formidable diffi culties of ooUeotmg and 
preserving the matermh 

Frozen whale hver as a source of oil 

Large portions (60 kg ) of firesh hvers of sperm whale 
(Physeter caiodon, syn Physeter maerocephalus) and bine 
whale (Balaenoptera muscidut) were fimen right through m 
the Antarctic The hver was brought to England m the ship's 
refrigerator and thereafter kept m a oommertaal cold store, 
and portions were chopped off as required 

Blue whale hver A portion (approx 2 kg ) of hver was 
thawed, shced and mmced The mmee was extracted several 
times with cold acetone The combmed, concentrated, 
acetone extract was mixed with water and the fat extracted 
with light petroleum The combmed extracts were washed 
with water, dried over Na^Oi and the solvent was removed 
The product was 40 g of yellow od which became brown on 
standing sp gr about 0 95, IjVal 163 4 saponification 
eqmv 330 8 The ultraviolet absorption curve showed 
A..., 328 mn , 36 7 (gross), 29 8 after correction 

according to the procedure of Morton & Stubbs (1946) The 
curve (Fig 2) was not very abnormal compared with that of 
a pure vitamm A ester The kitol content was not high. 

The hver debris was ground and re-extracted with ether 
ethanol mixture (3 2 v/v) The filtered extract was 
diluted with water and re extracted with ether The solute 
(2 g ) contamed veiy httle vitamm A or kitol, but some 
decomposition products were present 

The oil from this sample of frozen blue whale hver con 
tamed much less kitol than vitamm A, and there was 
relatively httle mterference with spectrophotometno 
determinations of vitamm A. 
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Sperm tohale liver The oil obtained by estraotion of 
minced bver with cold acetone was bght brown m colour 
but darkened on standing, Ij val 149 8, saponification 
eqmv 378 6 The ultraviolet absorption curve showed a very 
flatmaxumimnearSlO m/i.,JSj^(328 m/i.),193 6,(286m/i.) 
122 9 (gross) (Fig 3) The od contamed larger absolute 
amounts of vitamm A and kitol than that fixim blue whale 
hver, and mdeed a rough approximation mdicated some 
16 % of vitamm A esters and perhaps 20% of kitol esters 
The hver debris agam gave a small yield of residual ether 
soluble material. 



Fig 2 Ultraviolet absorption spectrum of cold acetone 
extract of blue whale hver ^ (328 mp.) 30 7 (gross), 
29 8 (corrected) , solvent, cyclohexane Upper curve, 
observed, lower curve, corrected, broken hne, subtraction 
curve 



Fig 3 Ultraviolet absorption spectrum of cold acetone ex 
tract of sperm whale hver E\'^ (328 mfi.) 193 6 (gross), 
1416 (corrected), solvent, cyclohexane Upper curve, 
observed, lower curve, corrected, broken Ime, subtraction 
curve 

The oil from this sample of sperm whale hver was 
thus a good source both of vitamm A and kitol, but, 
as the latter was present m large amount, con- 
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siderable mterference occurred m the spectrophoto 
metric determmations for vitamin A 

The experiments on well-preserved frozen hvers 
suggest that m commercial whale hver oils the 
presence of vitamm A decomposition products is 
a more serious analytical obstacle than the presence 
of kitol This pomt is reinforced by the results of tests 
on salted mmced whale hvers It is not necessary 
to go mto aU the experimental details, but it may be 
said that the oU samples obtamed by various methods 
of extraction were fairly uniform, theA?J^ (328m/i ) 
values (uncorrected) varying from 37 to 60 The 
percentage of unsaponifiable matter was about 26 
Anticipating the discussion of the analytical problem 
(see p 314), the fraction of the gross absorption at 
328 m /1 due to vitamm A is about two thirds and 
a conversion factor of 1200 is roughly correct 
Attention is drawn at this stage to the fact that the 
oils obtamed m the laboratory from preserved whale 
hvers show the typie of absorption spectrum to be 
expected from the summation of contributions due 
to kitol and vitanun A From the pomt of view of 
analysis for vitamm A, the mterference due to kitol 
is serious, but m commercial oils there is the 
additional difficulty of substantial irrelevant ab 
sorption due to artifacts 


Fractwnaiton of whale hver oils 

Sand-column technique ChevaUier, Manuel & Faubert 
(1941) dispersed fish hver oil on sand prior to extraction with 
solvents The following expenment was earned out on the 
lines of then work whale hver oil concentrate (0 06 g ) was 
dissolved in 10 ml redistilled ethyl ether, and the solution 
poured on to a column of fine, dry, silver sand (2 x 20 cm ) 
After allowmg the solution to seep mto the sand the ether 
was removed by a brisk upward current of Nj The col umn 
was then washed with successive portions of solvent, with 
the results shown m Table 1 It was clear that 80 % ethanol, 
if used m sufficient quantity, could extract anhydro vitamm A 
and vitamm A leaving kitol behmd 


Table 1 Mutton of whale hver otl concentrate 
dispersed on sand 

Vitamin A 
El^* 328 mp. 


Eluting 


Ethanol 

% 

Volume 

(ml) 


Bi% * 
•^1 onx. 

f 

Gross 

\ 

Corrected 

70 

270 

(a) 0 05 g oil used 

328 — 42 4 

336 

80 

640 

328 

— 

60 8 

26 6 

90 

90 

292 

17 6 

— 

— 

100 

90 

290 

263 

— 

— 

60 

90t 

(&) 0 06g oil used 

328 — 19 04 

7 84 

70 

90t 

328 

— 

9 66 

6 44 

80 

90t 

328 

— 

19 04 

16 96 

90 

90 

328 

— 

38 8 

30 1 

100 

90 

205 

63 2 

— 




* Calculated on weight of ongmal ofl. 
f Solvent passed through column five times 
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A further experiment rras tried on a larger scale and sand 
■wasnotneed 0 5105g of ‘oil’ rrasbodedinth 80% ethanol, 
the Bolntion cooled and the supernatant hquor decanted 
The 80% ethanol insoluble fraction (0 307S g ) shoircd 
Aj,aj 310-313 mfi and contamed about 4 % ntamm A 
and 14 % kitol The soluble fraction (0 199 g ) showed 
328 mfjL and contamed some 3 % of vitamin A con 
taminated by anhydrovitamm A and free kitol The *m 
Bolnble’ firaction was repeatedly washed with hot 80% 
ethanol, cooled and the supernatant hqnid decanted. The 
residue showed A„,„ 295 mfi.. 125, correspondmg 

with some 18% of kitol or about 36% kitol esters This 
fraction {0 16 g ) was boded with considerable excess of 
ethanoho KOH and 0 1044 g nnsaponified residue was 
obtamed contammg about 4% vitamm A and 23% ‘firee’ 
kitoL This material was chromatographed on full strength 
alumina (Spence, Grade 0) usmg light petroleum as the 
developing solvent The vanous fraotions were exammed 
spectrophotometncally (Table 2) If ,^, 1 . (286 m^ ) =700 
for pure kitol the matenal from the top zone contamed 84% 
kitol (cf Fig 4) 


Table 2 Ohromatography ofOOSg of unsapontfiahle 
material from the fraction of whale liver oil con- 


centrate insoluble in 80 % ethanol 


Zones 

m 

obtained 

(g) 

An,,- 

(mp.) 

EVSn. 
(286mp ) 

(280mp.) 
with respect to 
unsapomfiable 
matenal 

Top 

0 0106 

286 

688 

77 20 

Second 

0 0096 

286 

3171 

39 63 

Third 

0-0664 

325 

21 3 

14 90 

Fourth 

0 0019 

— 

0 76 

— 

0 0784 

— 



132 48 


The foregoing experanents suffer from the dis 
advantage of being on a very small scale In an 
attempt to overcome this, 60 g of oil were heated 
with absolute ethanol (11) until the solution became 
clear, and water (260 ml ) was then added and the 
solution cooled The mixture was then put through 
a Sharpies centrifuge The soluble portion showed 
326 6 Tap and contamed most of the vitamm A 
and anhydrovitamm A The insoluble portion was 
repeatedly extracted with small amounts of ethanol 
le residue was chromatographed m hght petroleum 
solution on full strength alumina After several 
c irematographic separations it became clear that 

^der these conditions fractions showmg A 

1 an. 188 were the best obtamable 

Chromatography ofwholeod on a smaU scale gave 

fictions, Annx. 286-290 mp,El'^ 
bout 130 and 316, respectively, and the foUowmg 
ecrea^g order of adsorbabdity was mdicnted firee 
finPxTri ^ A, kitol esters, vitamm A esters, 

fm ^ Workmg on a 20-26 g scale, 

SarT };L about 160 at 296 mp were 

itamm A One such fraction was chromatographed 


on weakened nlumma (Spence, Grade 0, stirred with 
10 % (w/w) water) A fraction contammg practically 
all the vitamm A was qmckly obtamed when the 
column was developed with hght petroleum and was 
followed by a fraction showmg 367 6 at 

286 rap and a further fraction exhibitmg El"^ 260 
at 280 mp 



Fig 4 Ultraviolet absorption Bpectrum of portion of whale- 
hver oil insoluble in 80% (v/v) aqueous ethanoL Un 
saponifiable fraction chromatographed, strongly adsorbed 
zone at top of column , ^ (286 mp ) 688 in cyclohexane 

Attempts to crystallize latol esters from crude 
preparations m acetone at low temperatures gave 
products of A^,!. 280-286 m/ 1 , 160 Chromato 

graphy on ‘ 6 % weakened’ alumina gave two fractions 
168 and 349 2, respectively 


Chromatography of cold acetone extract of 
frozen sperm whale liver 

A portion of oil (4 18 g ), dissolved m hght petroleum 
(26 ml ), was put through a column of full strength alumina 
and developed first with hght petroleum (11) and then with 
light petroleum contammg mcreasing amounts of acetone 
The eluates (1—7) were exammed speotroscopically with 
the following results (1) Light brown oil, discarded. 
(2) 328 mp, El^ 254, some anhydrovitamin A was 

present (3) A...„ 328 mm, E\^ 282, absorption curve 
practically normal for vitamm A. (4) A .,.., 290-295 mp., 
■® 1 ^ (286 mp.) 253, gave no vitamin A band at 620 m/i in 
the colour test (6) Contamed some vita mi n A alcohol, 
E\ ^ (328 mp.) 82 (6) A„„^ 328 mp , E\ 152, practicaUy 
normal vitamm A curve (free alcohol) (7) Brown portion of 
column cut out, eluted with ether, fraction was mainly kitol 
(firee), El^ (286 mp.) 162 

20 2 




312 


R K BARUA AND R A MORTON 


Fraction 4 was reohromatograplied on full strength 
alumina and developed with light petroleum Two mam zones 
appeared and three portions were out out from the middle of 
the lower zone All three were eluted with ether The ether 



Fig 6 Chromatography of phosphohpm free, neutral, 
Bperm whale hver oil Ultraviolet absorption spectrum 
of vitamm A ester fraction FJ (328 mp ) 305 (gross), 
280 (corrected) [or 112 8 (corrected) with respect to od], 
solvent, cyclohexane Upper curve, observed , lower curve, 
corrected, broken hne, subtraction curve 



Wavelength (m/r ) 


Fig 6 Ultraviolet absorption spectrum of kitol ester 
fraction, 0 0013% m cyclohexane, 1 cm Fj ^ (286 m/i.) 
346 

was removed and the weighed residues were tested m cyclo 
hexane The absorption curves were very flat over the range 
286-200 mfi. and E \ ^ values of 166, 843 and 363 were 
obtamed. 

A large nomber of experiments on sperm whale hver od 
indicated that m seeking to prepare pure kitoI esters it is 
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desirable to use material free from phogihohpms or free 
fatty acids The following method is perhaps the simplest 
To sporm whale hver od acetone is added and, after allowing 
phosphohpms to settle out, the solution is filtered through 
a bed of kieselguhr mixed with sohd NaHCO, (used as a fine 
powder) The filtrate is dduted with water and extracted 
with hght petroleum, washed with water, dried overNa^O^, 
filtered and the solvent evaporated. The od (approx 10 g ) 
18 dissolved m hght petroleum and chromatographed on 
nlumma weakened by addition of 10 % (w/w) of water 
Light petroleum is used at first to develop the chromatogram 
(Fig 6) The elnate is penodicaUy tested with the SbClj 
reagent When the vitanun A colour test becomes weak, 
development is contmued with hght petroleum containing 
6 % ether (v/v) When kitol esters begm to be eluted a purple 
colour wdl be obtamed with the SbClj reagent In two such 
experiments fractions showmg Fj ^ (296 m/r ) 346 (Fig 6) 
were obtamed weighmg 0 86 and 0 62 g respectively 

The best preparations of kitol (estenfied) were all m agree 
ment with the figure of Fj^ about 350 as the highest 
attamable 

Sapomficalion of hUol esters 

Thoresultsofattemptstopreparepure kitol by saponifying 
the esters and extracting the unsapomfiable fraction were 
erratic and rather disappomtmg Thus one ester preparation 



Pig 7 Ultraviolet absorption spectrum of kitol ester 
fraction, nnsapomfiable matter after two treatments with 
alkah,Fj^ (286 mp.) 230 

showing X ^.-r 286 mp , E\^ 360 gave 64 8% of im 
saponifiable matter with 280 mp., E\°^ 166, but the 
kitol had undoubtedly decomposed The recovered acid 
amounted to 43 % of the material used Another good ester 
preparation, left to stand m the cold with ethanoho K.OH for 
48 hr , resisted saponification On treatment with ethanoho 
KOH at the boding pomt m a current of N, the F j ^ value 
of the unsaponifiable fraction rose to 410, but fell to 230 
280 mp.) after retreatment with alkah for a longer 
time on the steam bath (Fig 7) The recovered acids (33 %) 
had a mean mol wt of 284 
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With another preparation the total recovered fatty acids 
accounted for 48 3 % of the kitol ester fraction The foUomng 
illnstrates some of the later experiments 0 771 g kitol eater 
ftaction, (280 m^) 346 ivas dissolved in ethanol 

(10 mh) and 40% aqueous K.OH (4 mL) was added. A little 
qumol ivas used as antiondant After bodmg on the water 
bath until the solution was qmte clear, the unsapomfied 
material was extracted in the usual way and the fatty acids 
recovered fiom the soaps The E\'^ value at 285 m/z had 
nBento432andO 296 g of acids was recovered. Resapomfica 
tion with sodium ethosde (boiling for 16 mm ) raised the 
■b'l m of the non saponifiable matenal to 620 and gave 

a further 0 126 g of acids 

If kitol has a moh wt of 672 and au B ^ (286 nifu) of 
700, then sai -B J of 360 for mixed kitol esters imphes 

that these are diesters of acids with an average mol wt of 
about 304. 


Pyrogenic decomposition of kitol esters 

When heated carefully, kitol esters darken m colour, and 
the product shows weakly a maximum at 620 m^ m the 
SbdjColourtest Small quantities (0 02g )heatedelectncal(y 
m capillary tubes showed no decomposition at temperatures 
below 200 Trom 230 to 260'* (4—6 mm.) famt positive tests 
were ohtamed (Sba, max. 612-620 mfz.), but the yield of 
vitanun A from the pyrogemo decomposition of the esters 
was poor The special conditions ofmolecular distillation are 
clearly needed for good yields 


Administration of kitol eaters to the 
avitaminotic rat 

When given as 0-12 g in 1 mb of coconut oil spread over 
t days and administered by stomach tube, kitol esters were 
neither converted mto vitamm A nor appreciably stored 
m the hver 40 hr after the second dose 


A chromatographic method for the determination 
of vitamin A in whale liver oils 

The expeninents leading to the isolation of a kitol 
■ suggested a new approach to the 

ana yhcal problem The matter has a somewhat 
c^phcated history At an early period m the history 
0 he use of whale hver oils as a source of vitamm A 
!'/ concentrate was studied (Edisbury 

° 1937) which exhibited anomalous ultra 

(A„^ about 295-306 mp ) and an 
malous colour test as compared with fish hver 


oils It was found empirically that by measuring 
■E}Za. (328 mp ) and multiplying by 1200, estimates 
of potency m reasonably good agreement with the 
results of bioassays were obtamed 

With the resumption of whahng after the end of 
the War it became necessary to dete rmin e vit amin 
A m crude oils extracted on jioard the factory ships 
It speedily emerged m these laboratories, and m 
those of Lever Brothers and Unilever Ltd at Port 
Sunhght, that neither the colour test nor the ultra- 
violet absorption was anomalous m a constant 
fashion, and the basis for the empirical use of a con- 
version factor of 1200 instead of 1600 (widely used 
for fish hver ofis) disappeared The oorreotion pro- 
cedure of Morton & Stubbs (1946) was often stretched 
beyond the hunts of its utihty by the magmtude of 
the irrelevant absorption It had also become clear 
that the factor of 1600 was itself a reflexion of the 
fact that, on the average, fish hver oils exhibited 
some 11 % or so of ‘irrelevant’ absorption and that 
a factor of 1800 was appropriate to preparations m 
which vitamm A was the only sigmfioantly absorbmg 
entity (Morton & Stubbs, 1947) The problem of 
antdysmg whale hver oils thus resolved itself mto 
the task of obtammg aU the vitamin m a fraction (or 
fractions) free from other substances absorbmg near 
328 mp The followmg experiments mdicate how the 
problem has been solved 

Sperm whale hver oil (I 713 g ) was dissolved in 16 ml 
light petroleum m a small conical flask and powdered 
NaHCOj (1 g ) added, and the mixture thoroughly s h a k en 
Weakened alumina was prepared by placing alumimum 
oxide (60 g, Spence, Grade 0) m a mortar, covering with 
light petroleum and adding water (6 mk) The mixture was 
stirred thoroughly with a pestle and used to fill a tube 
44 X 1 cm A layer (1 6 cm high) of powdered NaHCOj was 
put on top of the column. The oil m light petroleum was then 
poured on to the column without disturbing the sediment 
The residual contents of the comcal flask were washed with 
hght petroleum several times and the solution poured on to 
the column Light petroleum was used to develop the 
chromatogram A hght yellow band travelled down the 
column and the eluate was collected m 20 ml portions, 
a drop from each of which was tested with the SbClj reagent 
The portions were sorted out mto three groups (A) those 
giving a normal vitamin A colour test, (B) those givmg 
a purple colour and, finally, (C) those obtamed only when the 
developing solvent contamed ether (10 or 20% by vok m 


Table 3 Ohromatographic separation of constituents of sperm whale liver oil 



Wt recovered 
(6) 


(Wt of oil, 1 713 g ) 



FructiouB 

A 

^IMX, 

(m/I-) 

"Icm, 

Bi^with 
respect to oil 

SbClj colour 
Wst(A,„^) 

0 617 

328 

(32S m/i.) 316 gross 

(328 mp.) 96 gross 

620 mp. (blue) 

B 

0 304 


280 corr 

84 corr 


300 

(300 mp™) 218 6 gross 

(328 mp.) 7 2 corr 

(purple), 495 mp.. 




(328 mp . ) 34 corr 

(286 mp.) 49 4 

505 mp., 680 mp. 

c 

0-004 


(2S6 xn;i.) 233 corr 



280 

(280 Tdfu) 38 gross 

— 

(Red) 
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light petroleuBi) The solvent ivas removed from the three 
firaotions and the residues weighed and subjected to speotro 
Bcopio analysis (Table 3) 

It IS evident from Table 3 that fraction A con- 
tained most of the vitamin A and was easily 
amalyaed, B contamed most of the kitol, and O con 
sisted mamly of decomposition products A further 
experiment was earned out to try to improve the 
separation 

Sperm hver 011 (0 998 g ) and NaHCOj (0 6 g ) were shaken 
with hght petroleum and the solution chromatographed on 
weakened alumina as before The elnate was collected m 
6 ml portions and those which gave a normal vitamm A blue 
with the SbClj reagent were bulked, the solvent removed and 
the residue weighed (0 282ji E ) This was made up to volume 
with cyclohexane and a measured portion was diluted for 
spectrophotometry The absorption maximum oocurred at 
328 m/1 with 100 8 (gross) calculated on the weight 



Fig 8 Chromatographio analysis of sperm whale hver oU 
Ultraviolet absorption spectrum of vitamm A ester 
fraction, (328 m/i.) 100 8 (gross), 94 4 (correoted) 

with respect to oil, solvent, cyclohexane Upper ourve, 
observed, lower curve, corrected, broken hne, sub 
traction curve 

of oil used (Fig 8) This value was reduced to 94 4 on applymg 
the three pomt correction procedure for irrelevant absorp- 
tion The previous expenment gave 84-1-72 = 91 2, but the 
■vitamm ■was not all m tbe first fraction It ■will be seen that 
by collectmg the eluate m 6 ml portions, one drop of each 
of which IS tested ■with SbCl, , a very dear cut separation can 
be achieved 

The procedure needs, howe^ver, to he subjected to a more 
severe test Accordingly, a sample of low poten(^ oil of 
inferior quahty was tested 

Crude whale hver oil (0 2665 g ) m light petroleum (20 ml ) 
was chromatographed on a column of weakened alumina 
15 X 1 cm and developed -with hght petroleum The eluate 
■was collected m 6 mL portions The first few portions con 
tamed anhydrovitanun A (pale greenish yellow, blue colour 
■with SbClj) The next four portions gave no colour ■with the 
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SbClj reagent and were discarded Subsequent portions 
contamed -vitamm A (esters) gi-vmg a normal colour test 
Elution was contmued until the solution was no longer 
chromogemo towards SbCl, The column was then eluted 
•withether TbevitammAfiractionwasmadonptoSOml with 
light petroleum and a measured portion diluted -with cycle 
hexane so that the concentration was 0 0533 % -with respect 
to the ongmal oil It gave 328 mp , FlJ ^ 8 74 gross, 
8 4 (corr ) The ether elnate was made up to 100 mb -with 
light petroleum, and a measured portion diluted -with cycle 
hexane to 0 02665 % with respect to the ongmal oil It gave 
£!j5'^(286m/i.) 12 6 and contamed kitol esters together -with 
decomposition products, but no vitamm A was detectable 
(If at any tune the percolation of solvent through the column 
becomes too slow, it is ad-visable to stir the adsorbent at the 
top -with a glass rod.) 

To test the method further a more complete analysis -was 
made on another sample of crude od Crude whale hver oil 
(0 2 g ) m hght petroleum (20 ml ) was poured on a column 
(16 X 1 cm ) of weakened alumina, and the chromatogram 
developed ■with hght petrolemn followed by the same solvent 
contammgmcreasing proportions of ether The percolate ■was 
collected m 6 ml portions, 1 drop of each being tested with 
the SbClj reagent 

The followmg firaotions were obtamed (1) Anhydro 
•vitamm A, discarded (2) Vitamm A esters, 180 ihL of 
eluate 328 mp , Fj ^ 14 6 (gross), 14 14 (corrected), 
E values calculated on weight of oil taken (3) Kitol ester 
fraction, elution complete after nsmg hght petroleum con 
tammg 4, 8 and 12% ether 290 mp, 8125 

(4) Fraction contauung free vitamm A and some free kitol, 
326 mp., 4 22 (gross), 3 02 (corr), elution 

completed with 12, 16 and 20 % ether m petrol (6) Fraction 
olut^ with ether, no ■vitamm A present as judged by colour 
test 

For this oil Bj ^ (328 mp , gross) -was 28 7 and the net 
contnbution due to -vitarain A -was 14 14 3 02 = 17 16 The 
simple correction procedure of Morton & Stubbs (1046) gave 
16 8 — a figure which is significantly low 

Similar experiments have led to the foUo-wing 
standard procedure 

Analyse of commercial whale hver oil 

Adsorbent Alumma (Spence, Grade 0) for ad- 
sorption (100 g ) IS made mto a slurry -with light 
pefroleum m a glass mortar, and -water (10 ml ) is 
added and the whole mixed with a pestle for 5 mm 
The slurry is then poured mto an adsorption tube 
and allowed to settle The weakened adsorbent 
should be used the same day 

Column The column of weakened alumma should 
be 12 X 1 cm if the weight of oil to be chromato 
graphed is 0 2 g Tlie sample is dissolved in hght 
petroleum (26 ml ) and poured on to the column 
A large bottle (16—20 1 ) is fitted -with a rubber bung 
with two holes, through which tubes, each "with a tap, 
are mserted, one is connected by a rubber tube to 
a bicycle pump and the other to a short piece of 
glass tubmg m a rubber bung fittmg the top of the 
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adsorption apparatus Passage of solvent through 
the column is thus hastened by pressure from above, 
and percolation may be qmte rapid (approx 
2 ml /min ) There should be room for a least 26 ml 
of solvent above the absorbent 
Development The ohromatogram is deielopied 
first -withhght petroleum and the percolate collected 
m small test tubes graduated at 6 ml One drop from 
each portion is tested ’with 0 6 ml of SbClj reagent 
The first few portions will give no colour and may bo 
discarded Then anhydrovitamm A will appear m 
the eluate, it gi\e3 a blue colour with the SbClj 
reagent and, after a volume of 36-40 ml hog passed 
through the column, no colour will appear (The 
volume wiU, of course, vary somewhat from sample 
to sample ) Contmued development with hght 
petroleum results m the appearance of vitamm A 
esters m the eluate The mtensity of the blue colour 
obtained with one drop of successive portions of 
percolate will at first mcrease and finally decrease 
until no colour is given By this time, 100-200 ml 
of hquid wiU have passed through the column 
Development is contmued at first with hght 
petroleum oontammg 4 % ether (by vol ) and then 
with 8 and with 12% ether-petroleum mixtures, 
usually 60 ml portions at each strength The per 
colate at this stage gives a purple colour with the 
SbClj reagent and exhibits an ultraviolet absorption 
manmum near 286-290 mp A small volume of 
eluate then appears which is practically non 
chromogemc towards SbClj Development with 
ether petroleum mixtures (12, 16, 20 % by vol ) is 
contmued, and fractions are obtamed giving blue 
and purple colours with SbClj, mdicatmg free 
vitamm A said free kitol respectively The 6 ml 
portions of eluate are grouped and the separate 
fractions each made up to a defimte volume and 
exammed by photoeleotnc spectrophotometry 

Sxamplt, E\'^ (328 m^i,) 60 1 on the whole oiL 
0 125 g eiammed ns above 

(i) Anhydrontamm A fraction E\2a. (370 ) 1 6 

(u) Vitamin A ester fraction, made up to 200 ml , diluted 
6 mL/20 mb cyclohexane E^ ^ (338 m/i ) 37 9, no 
correction needed 

(m) Kitol ester fraction, 286-290 my ^ 24 35 
(fr) Krce wtamm A fraction, (328 my ) approx 

2 2 corr 


Total El^ (328 my.) 40 (i e 37 9 + 2 1) 
Estimated potency 40 x 1800 =72,000 i n /g 


Scparahon of vUamtn A from whale liver non- 
sapontflahlc matter by means of 60 % ethanol 

By washmg the unsaponifiable fraction of whale 
u er oil with 60 % (v/v) aqueous ethanol, free 
wun A 18 preferentially dissolved Under certain 
circnnistances this forms the basis of a useful 
‘“lali'tical procedure 


Example A commercial whale liver o3 oonoenfcrate (0 5g , 
(328 my , 210 gross) was saponified, and the nn- 
sapomfiablo fitiotion showed E^^ 212 6 at 326 my 
(colonlntedonthowt of raw matenal) The absorption curve 
■was, however, anomalous and there ■was evidence of con 
stdemble irrelovant absorption The unsaponifiable matter 
was shaken well ■with 60% ethanol (100 mb), and the 
supernatant hqmd filtered carefully through a small bed of 
kieselguhr (filter aid) Six further ■washmgs (2 x 100 ml and 
4x60 mb) were filtered m the same ■way The combmed 
filtrate was made up to 500 ml (A) The flask and the filter 
aid were then ■washed repeatedly ■with small quantities of 
redistilled ether The solvent was removed and the extract 
dried by treatment ■with ethanol m a current of N, on the 
water bath, the residue was dissolved m ethanol and the 
volume made up to 100 ml (JB) 

A measured volume of solution A ■was diluted ■with ethanol 
and showed V»i. 326 my., 136 8 (correoted by the 

Morton & Stubbs (1946) method) Solution B, smtably 
diluted, gave A-.- 287 my., 65 (E values calculated 

■with respect to the ongmal oil, see Fig 9) 



ISO 300 350 

Wa*elcnith (mix.) 


Fig 9 Ultraviolet absorption speotmm Portiou of 

whale bveroilun8apoiuflablematenalBolublem60%(v/v) 

aqueous ethanol, (326 my.) 164 (gross), 135 8 

(corrected), calculated for ongmal oil, solvent, ethanol 
Portion of nnsapomfiable matenal insoluble m 60% 
ethanol, fij ^ (287 my.) 85, solvent ethanob 

Further trials showed that most, but not all, of 
the irrelevant absorption can bo eliminated from 
whale-hver oil unsaponifiable fiwctions by extrtiction 
with 60% aqueous ethanol The kitol fraction is 
relatively insoluble m this medium Judged, how- 
ever, by the strictest standards, the method is 
imperfect, because when an oil is contammated ■with 
artifacts, as well as with kitol, a httle extraneoivs. 
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material absorbing at 326 m/x is bable to accompany 
the vitamin A alcohol The test, however, often 
affords valuable confirmation (see Table 4) 


Table 4 Oorreciion of absorption of a whale liver 
oil concentrate 


(Concentrate had ^ (328 wp.) 210 (gross)) 

E (corr ) 

1414 


Concentrate 


Unsaporufiable extract 
60% ethanol extract 


Vitamin A 

* Assuming it to be all 
estenfied 
128 8 ‘Assummg it to be free 
130 *ABSummg it to be free 
136 8 * Assuming it to be free 


♦ The absorption curves for vitamm A alcohol and esters 
are not qmte identicaL 


DISCUSSION 

Numerous preparations from samples of whale hver 
oil have been obtamed showmg an absorption 
maximum at 286-296 m^ with JEJ ^ 346-360, and 
further chromatography has faded to raise the 
mtensity of absorption The preparations were 
practically free from glycerides or vitamm A They 
imderwent saponification with difficulty, but finally 
yielded approxunately half their weight as recovered 
fatty acids after extractmg the acidified soaps with 
ether The unsaporufiable matenal tended to de- 
compose with consequent loss of absorption mtensity, 
but m one case an El (286 mp ) value of 620 was 
obtamed when qumol was used as antioxidant durmg 
the saponification Batol, which has been reported 
as possessing an jS?i^ value of 700 when obtamed 
as freshly recrystaUized matenal, is not very stable, 
even m the sohd state m sealed ampoules , it does not 
withstand chromatography without decomposition 
and it is unstable towards alkah If it is re estenfied, 
the esters are sometimes recrystalhzable, but cis- 
trans isomensm may bnng m oomphcations 

The 'punfied' kitol preparations of E\°^ 360 are 
clearly mixed diesters containing an assortment of 
higher fatty acids of molecular weights exceeding 
280 The preparation of such kitol esters appears to 
rule out the possibihty that kitol is an artifact, and 
to show that kitol esters are present m whale hver 
If the samples of blue- and sperm whale hvers were 
representative, kitol esters are quantitatively much 
more significant m sperm whales than m blue whales 
Too httle, however, is known about vanations 
between mdividual whales of either species to permit 
this observation to be generalized 

The fact that kitol is a Hi (vit amin A) is fully 
established, and from its absorption spectrum it 
must have a cham (or two chams) of four conjugated 
double bonds instead of the five conjugated double 
bonds of vitamm A The molecular extmotion 
coefficient of kitol is about 41,000 and that of 
vitamm A about 60,000 


Gridgeman, Savage & Gibson (1948), working at 
the Port Sunhght laboratories of Lever Bros and 
Unilever Ltd , have for some tune been engaged upon 
the problem of determining vita min A m whale hver 
oils They have worked out an excellent method for 
the separation of vitamin A alcohol from un 
saponifiable extracts by chromatography, and we 
are mdebted to Messrs Lever Bros for information 
and advice over a long period. 

Comparmg the method we have described with 
the procedure based on pre limin ary saponification 
it seems hkely (a) that for oils m which much of the 
vitamin A is free there are advantages to be gamed 
from completing the saponification m aiming at an 
estimate of the vita min A content at the tune of the 
test, (b) that for oils m which most of the vitamm A 
IS estenfied, direct chromatography is preferable m 
minimizing losses and m speed of operation, (c) that 
a determmation office and estenfied vitamm A gives 
some mdication of the probable stabdity of the od, 
as it IS the firee vitamm A which forms anhydro 
vitanim A and probably some artifacts 


SUMMAEY 

1 The acetone soluble hpid from a sample of 
frozen blue-whale hver oontamed vit amm A (^i^ 
(328 mp ) 36 7) with relatively httle kitol A similar 
extract from frozen sperm whale hver was ncher m 
vita min A and kitol (16 and approx 20%, re 
spectively, as esters) 

2 The fiactionation of whale hver oils has been 
attempted m vanous ways Pree vitamm A is 
extracted by means of 60% aqueous ethanol, and 
vi tamin A esters are separable from kitol esters by 
means of 80 % aqueous ethanol 

3 Chromatography of whale hver oil on alumma 
(weakened by addition of 10% (w/w) water) effects 
a clean separation of vitamm A (estenfied) from 
kitol (estenfied) Elitol ester fractions showmg El Sn. 
approx 360 and approx 170 at 286 mp were 
regularly obtamed 

4 Kitol esters are difficult to saponify, and the 
tree kitol tends to be decomposed unless precautions 
are taken They contam, however, about half their 
weight of kitol El^ (286 mp ) values of about 
620 have been obtamed for firee kitol 

6 Kitol esters fed to rats are neither converted 
to vitamm A nor stored m the hver 

6 A chromatographic inethod for the determma- 
tion of vitamm Am unsaponified whale hver oils has 
been desonbed and tested 

7 A fairly good separation ofkitol from vitamm A 

m whale-hver unsaporufiable fractions can be 
effected by extractmg the vitamm A with 60% 
aqueous ethanol, but the volume used limits the 
method to analytical work 



VITAMIN A AND KITOL ESTERS IN WHALE LIVER OIL 


317 


Vol 45 

8 Prektomaiy work on whale hver phospho 
hpms suggests that kitol is not present in the true 
acetone insoluble hpid, but that it may ooour m more 
than one type of combination 

9 Vitamm A and possibly kitol is present in fin- 
whale milk 


A small sample of kitol was kindly placed at our disposal 
by Dr Baxter of Distillation Products Ino We are indebted 
to the Ministry of Food and the Medieal Research Council 
for grants m aid of the work. In obtaining material we have 
had most friendly help &om the whahng mdustry and many 
scientists engaged m it both m this country and abroad 
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Studies in Vitamm A 

13 THE ALLEGED FORMATION OF VITAMIN A FROM /S CAROTENE 
TREATED WITH lODINATED CASEIN 

ByH R GAMA AKD T W GOOUWU^, Departmeni of Btochemt^try, Untveraity of Liverpool 

(Received 19 April 1949) 


Kaplanaky & Balaba (1946) claimed that ^ carotene 
in coUoidal solution when mcubated with either 
thyroglobulm or lodinated casern was converted mto 
vitamin A m good yield, a typical experiment 
resulted apparently m the production of 60 /ig of 
vita min A from 150 pg of p carotene If it be true 
that thyro active compounds can effect such a con 
version, the finding is of major importance to the 
hioohemistry of carotene and vitamm A An 
investigation of Kaplansky & Balaba’s olauu was 
therefore undertaken In the first part of the work 
the experimental procedure of Kaplansky & Balaba 
ivas followed as closely as possible, but when efforts 
to produce vitamin A failed, the conditions were 
then varied A short report of the results of this work 
naa already appeared (Cama & Goodwm, 1948) 

EXPERIMENTAL 

Preparation of lodxnated casein NaHCOj (3 6 g ) was 
e ded to skimmed milk (600 mb) freed from fat by repeated 
VTOtnfugation, and the hqmd heated to 40“ Small portions 
° J were added with constant stirrmg until a alight excess 
remamed at the bottom of the beaker (about 8 0 g of L were 
required) The temperature was then raised to 66° for 24 hr , 
6 'pudheing constantly stirred After coohng, the mtensely 
aoMtion was filtered and the filtrate bronght to 
P 5 with acetic acid The precipitated lodinated casein 
v^uasbed, dissolved m Very ddute alkali and repreoipitated 
acetic acid This process was repeated three tunes The 
■4 content of the product, determined according to the 


mioro method of Grodk (1926) was 8 45-8 67 % Kaplansky 
Sc Balaba (1946) report 0 85%, but this appears to be 
a mistake 

Preparation of coUoidal solutions ofp-carotene CrystaBme 
P carotene (approx 3 mg ) was dissolved in a small volume 
of freshly redistilled diethyl ether (20 mb) and 96 % (v/v) 
ethanol added (6 mb) The ether was removed by distillation 
on a water bath at 60-60°, the distillation was contmued 
until a test portion of the distillate no longer separated mto 
two layers after the addition of a small volume of water The 
ethanol solntion of P carotene was then diluted with distilled 
water and rapidly filtered, the colloidal solntion was placed 
m a boilmg water bath to remove the ethanol and any 
residual ether The remaining concentrated colloidal solution 
was filtered again, diluted with water to approximately the 
desired concentration and used without delay 

Inciibationof solutions ThedetailsotKaplanskyABalaha’s 
(1946) method are as follows To a known volume of colloidal 
solution containing 160 pg p carotene la added lodinated 
casein (30 pg ) dissolved m weak alkah , the reaction mixture, 
after being adjusted to pH 7 3 with acetic acid, is mcubated 
for 2 hr at 37° , controls consisting of p carotene solutions 
only or p carotene solution + boiled lodmated casern ad 
justed to pH 7 3 are treated m the same way 

In the first stages of the present mvestigation the above 
procedure was followed as closely as possible (Kaplansky 
& Balaba did not specify the concentration of the weak 
alkah or the acetic acid, we used O-Olt. NaHCOj and 
0 Ols HO Ac.) The procedure was later modified by altermg 
(o) the pH (by the use of phosphate buffers), (6) the meuba 
tion tunes, and (c) the amounts of substrate and ‘enzyme’, 
and (d) by nsmg desiccated thyroid or min ced fresh thyroids 
instead of lodmated casern. 
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Determination of carotene and vitamin A Kaplansky 
L Balaba med the method of Bachevaki for the determma 
tion of carotene, no reference or details were given, but 
a search of the hterature mdicates that the method used can 
only be that of Rachevski & Troitski (1938) It is not based 
on absorption spectrophotometry as are most methods of 
carotenoid analysis, but on lodometiy A known amount of 
lodme IS added to a coUoidal solution of carotene and the 
amount not ahsorhed is measured in the usual way by 
titrating with thiosulphate Such a method, as wdl be noted 
later, has senous drawbacks when used m ejcpenments of the 
type under discussion We preferred the method m use m 
this laboratory, as it is unambiguous and well authenticated 
A measured volume of the colloidal solution is extracted 
three tunes with an equal volume of freshly redistdled diethyl 
ether, the ether extracts are comhmed and the solvent 
removed on the water bath, the residue is dissolved m 
a known volume of cyclohexane and the absorption spectrum 
recorded using a Beckman photoeleotno spectrophotometer 
cycloHeiane is chosen as the solvent so that vitamin A 
determmations, making use of both ultraviolet absorption 
and the ShCl, colour test, could he earned out on the same 
solution, this ehimnates further mampulations mvolving 
heat, and minimal heat treatment is always to be aimed at 
when dealing with carotenoids 

Kaplansky & Balaba stated that they det emuned vitamm A 
by the Carr Pnee method (SbClj reagent), and, m one 
experiment, by the spectrophotometnc determmation of the 
absorption maximum at 328 mp., but no details of the 
method were given In the present mvestigation two pro 
cedures for determinmg vitamm A were used (a) the 
Morton A Stubhs (1946) method of direct ultraviolet speotro 
photometry, and (6) the SbQj colour test The Morton 
& Stubbs method is a weU authenticated method m which 
allowance can be made for absorption not due to vitaimn A. 
The SbClj colour test was earned out usmg a Hdger Nuttmg 
visual spectrophotometer, this instrument allows the 
differentiation of the ShClj vitamm A absorption maximum 
at 617 mp, from SbCl, carotene absorption maximum at 
690 mp. even when carotene occurs m considerable excess 
over vitamm A. 

RESULTS 

Thirty six experiments were earned out under 
varying conditions, and m no case was the formation 
of vitamm A uneqmvocally demonstrated after 
mcubation of j3 carotene with either lodmated casern, 
desiccated th 3 rroid, or fresh thyroid brei , m one case 
only the Morton & Stubbs (1946) correction pro 
cedure pomted to the presence of a trace of vitamm A, 
but this was not confirmed by the antimony tn- 
chlonde colour test 

In the first senes of experiments Kaplansky & 
Balaba’s (1946) conditions were reproduced as closely 
as the published directions permitted, later the con 
ditions were vaned and Table 1 mdicates the limits 
of vanation 

In Fig 1 are shown the full absorption curves 
obtamed m three typical experiments m which 
)3 carotene was meubated (a) alone, (6) with 
lodmated casern, and (c) with desiccated thyroid 
It will bo noted that although the curves do not 


comcide, owmg to the difficulty of obtammg colloidal 
carotene solutions of the same concentration (see 
p 319), they are almost identical m shape, thus no 
differential changes m the )3 carotene have occurred 


Table 1 VanaCtons m the expenmental conditions 
used in attempting to convert ^-carotene into 
vitamin A by incubating with lodinated casein or 


desiccated thyroid 

Vanable 

)9 Carotene 
Incubation tune 
pH 

lodmated casern 
Desiccated thyroid 
Temperature 


Limits of variation 

2 6-30 pg 
2-2 6 hr 
4 ^ 

60-60 pg 

30-60 pg 
Not altered (37°) 


by mcubation under different conditions The ap 
pesrance of a small band at 336 mp is due to trans- 
CIS isomerization of the carotenoid produced under 
the action of heat, the 336 mp band is Zechmeister’s 
(1944) CIS peak 



Pig 1 The absorption spectrum of ^ carotene A, after 
mcubation alone for 2 6 hr at 37°, B, after mcubation 
with lodmated casern for 2 6 hr at 37°, G, after mcubation 
with desiccated thyroid for 2 6 hr at 37° 


DISCUSSION 

It will be seen that we have not, m this laboratory, 
been able to detect the formation of vitamm A when 
colloidal solutions of p carotene are meubated with 
lodmated casern or desiccated thyroid The apparatus 
used IS known to be capable of detectmg small 
amounts of vitamm A m the presence of carotene so 
there is no doubt that vitamm A was not present , it 
was not a matter of failure to detect it 

Kaplansky & Balaba (1946), on the other hand, 
report three experiments m which the yield of 
vitamm A was 46 % We have thus to attempt a 
reconoihation between contradictory experiences 
It may be that favourable conditions are elusive, and 
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that although xre tned to follow Kaplansky & 
Balaba’s methods exactly we failed to achieve such 
conditions , it seems, however, that a method which 
produces a 46 % yield of vitamm A m the hands of 
one set of workers should m another laboratory at 
least yield detectable amounts It is mterestmg to 
note that Wiese Lowry (1949) has informed us that 
she too was unable to repeat Kaplansky & Balaba’s 
work. It IS possible to criticize Kaplansky & Balaba’s 
work from a techmcal viewpomt, and it is then clear 
that their claims are not securely based Their 
tachmque may be considered under three heads 
(i) Eshmatton of j3 carotene Tlie lodometric 
method used by Kaplansky Balaba is at beat 
unspecific, and it is difficult to understand why it 
was used if an optical instrument were available (as 
apparently there was, because m one experiment 
E 328 m^i was measured) The lodometnc method 
presents a problem which Kaplansky & Balaba have 
not discussed For example, the results of a typical 
experiment recorded by them mdicates that 160^g 
of ^ carotene after mcubation with lodmated casern 
yielded 86 fig of p carotene and 66 pg of vitamm A 
Now, vitamm A is an unsaturated compound and 
wUl itself absorb lodme , thus, unlpaa this is allowed 
for, the lodometrically deterrmned p carotene con 
tent of a mixture of p carotene and vitamm A will 
be moorrect Assummg this correction has not been 
made, and there is no mtemal evidence that it has, 
the results just quoted are open to two serious 
objections (a) If the p carotene not converted mto 
vitamm A is reasonably stable to mcubation, as they 
claim It IS m the case of boiled lodmated casern, and 
as we find it is m all cases, then the lodometnc method 
should give a value for ‘p ceuotene' still m the 
neighbourhood of 160 fig (h) If the value 86 fig 
was the determmed uncorrected value then this must 
represent ' p carotene and vitamm A’, and as 55 fig 
of vitamm A are reported only about 30 fig of 
P carotene have been accounted for out of an 
expected remamder of about 100 fig 
(u) Colloidal carotene solutions Although following 
precisely the directions given by Kaplansky & 
alaha, we found the production of the colloidal solu 
ions to be much less reproducible than they did For 
example, accordmg to their table they used for each 
®^rrment exactly 160 jtg of carotene obtamed by 
utmg a concentrated colloidal solution a known 
amount We could not make this method work, for, 
no matter how carefully the water was added to the 
concentrated carotene solution, a httle was always 
, solution and had to be filtered off, 

it was impossible to obtam a solution of 
oidal carotene of known strength merely by 
1 ^lon, the content of each colloidal solution had 
to be measured each tune 

R Ik of vitamin A Kaplansky & 

a aba give no details of how they measured the 


SbClj colour test How they differentiated between 
the carotene SbCIs colour test and the vitamm A 
SbClj colour test, especially m a mixture of two, is 
not stated, so that it is impossible to assess the 
evidence 

Regardmg the determmation of vitamm A m the 
presence of excess of p carotene by ultraviolet 
spectrophotometry, p carotene itself absorbs m the 
300-340 mg region and this has to be allowed for 
before the contribution of vitamm A to the absorp 
tion of a solution can be evaluated This is even 
more important when p carotene solutions have 
been mcubated, as moreased absorption appears m 
the 300-400 mg region owmg to the formation of 
CIS isomers from all trans p carotene When a photo 
electric spectrophotometer is available the correction 
procedure of Morton & Stubbs (1946) allows the 
determmation of the vitamin A contributed 



Fig 2 The absorption speotra of J3 carotene and mixtures 
of p carotene and vitaimn A m the spectral region 
300^50 TOfi, A, pure p carotene, B, p carotene after 
mcubation at 37° for 2 6 hr ,C,p carotene after mcubation 
at 37° for 2 6 hr with lodmated casern, D, a computed 
curve for a mixture of vita min A and mcubated p carotene, 
containing about 30% of vitamm A, E, pure vitamm A 

The appearance of a carotene cts peak (Zech- 
meister, 1044) m the region of 330-336 mg after 
mcubation could easily be mistaken for vitamm A 
absorption, especially when a spectroscope with a 
low dispersion is used To illustrate this pomt a 
number of absorption curves are recorded m Fig 2 
The foUowmg pomts wiU be noted (a) the reahty of 
the CIS peak of mcubated carotene, (6) the difference 
between the curve of isomenzed p carotene and that 
of a mixture of this p carotene and vitamm A 
(approx 30 % vitamm A) is shght but well marked, 
and the presence of absorption due to the vitamm A 
m an mcubated p carotene solution could be de 
tected even without apphcation of the Morton & 
Stubbs ( 1946) correction if the curv e were measured 
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photoelectracally, (c) that this difference might be 
missed usmg old (photographic) methods, for the 
changes, mvolvmg a shift of the band maximum 
only 1—2 m/x and a small decrease m the slope on 
the short "wave side of the maximum, are nearmg 
the hmits of detection, (d) that the curve of the 
^ carotene mcubated alone is httle different quah- 
tatively from that obtamed after mcubation -with 
lodmated casern 

Although experiments usmg more refined tech- 
mques have faded to substantiate earher claims that 
thyroactive compounds catalyse the in vt/ro con- 
version of p carotene mto vitamm A, it is not to be 
assumed that the thyroid has no action on the in vivo 
metabolism and vitamm A In fact, it has recently 
been shown m this laboratory that desiccated thyroid 


1949 

enhances and thiouracd reduces the absorption of 

carotene from the intestmal tract (Cama & Good 
■wm, 194:9) 

SUMMARY 

1 It has not been possible to substantiate the 
claim that lodmated casern and desiccated th}Toid 
are active m convertmg /9 carotene mto vitamm A 
in intro 

2 The most hkely error leadmg to this conclusion 
is the failure to distmgmsh the cis peak of isomenzed 
j8 carotene from the 326 m/i absorption band of 
vitamin A 

We thank the Medical Research Council and the Ministry 
of Food for financial assistance. Prof. R A Morton for hia 
mterest and help, and Mr J W Lord (Messrs J Bibby and 
Sons Ltd ) for the Russian translations 
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The Pyruvate -oxidase System in Brain 
and the Tricarboxylic Acid Cycle 


By R V COXON (Betty Brookes Research FeUow m Bram Bioohemistry), 
C LUfiBECQ (British Councd Scholar) and R A PETERSf 
Department of Btochemrstry, University of Oxford 

(Received 11 April 1949) 


The term pyruvate oxidase system has been used m 
this laboratory to denote the complex of enzymes m 
bram which mduce oxidation of added pyruvate In 
earher work (Long, Ochoa & Peters, 1939, Banga, 
Ochoa & Peters, 1939) the idea that this system m 
pigeon bram mvolved a tncarboxyhc acid cycle 
(Krebs & Johnson, 1937, Krebs & Eggleston, 1940) 
was not supported One of the mam reasons was 
that, m contrast with kidney preparations, the 
mcreased oxygen uptake observed on addition of 
fumarate as weU as p 3 rruvate was not observed with 
citrate, which couldnot therefore be an mtermediate , 
but, smce then, the role of citrate has been changed 
to that of a side product rather than that of an 

* A prehimnary account was given to the Biochemical 
Society on 22 January 1949 (Ckixon, Li4beoq & Peters, 
1949) 

t With the technical asaistance of R W Wakehn 


mtermediate (Wood, Werkman, Hemmgway & Nier, 
1941) It has always been difficult to account for the 
action of fumarate upon any other view than that of 
a tncarboxyhc acid cycle, and we now think that the 
pyruvate oxidase system m our homogenates does 
in fact mclude much of this cycle when fumarate is 
present , we are givmg our evidence for this, though 
all details are not yet clear The most important 
new pomt is that citrate and a substance, which is 
estimated as a-ketoglutarate, accumulate durmg 
the oxidation of pyruvate m the presence of fumarate 
and when malonate is also present 

METHODS 

Estimations 

Pyrumc acid The Neuberg Case method (Case, 1932) has 
been used as modified by Peters & Thompson (1934), the 
final colour of the hydraaone m ethanoho KOH bemg 
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measured m & Hilger absorptiometer "with filter no 7 , the 
modified procedure deaonbed by Long (1942) has also been 
used. It has, hoiarever, been realized during this rrork that 
these methods give misleading results since they do not 
distinguish between pyruvate and a hetoglutarate in a 
murtnre, though the extinction of the latter is less for a given 
concentration 

The IViedemann Haugen (1943) and the Straub (1936) 
methods have been employed as described by them, with the 
exception that m the case of the former a Beckman speotro 
photometer was used for the final readmg ns explamed below 
in connexion with a ketoglutarate 

n Keloglufaraie has been estimated most often by the 
method of Fhedemann & Haugen (1943), employing the 
420 and the 640 m;i. hands on the Beckman spectrophoto 
meter instead of the simple photometer with different filters 
recommended by them TheenzynuomethodofBkeba(1938) 
was also used on a few occasions (as an mdepiendent check 
on the identity of the a ketoglutaiato) It \a conceivable, 
however, as will he disonssed later, that the substance which 
was detenmned by either method as cr ketoglutarate was 
originally present in the tissue suspension as oxalosuccmate 
and was converted to a ketoglutarate by the subsequent 
analytical operations Provided that the mixture contams 
more than 10% of a ketoglutarate, the acids can be deter 
mmed mdividually by the Pnedemarm Su Hangen technique 
to an accuracy of ±6% m known mixtures Dnphcates 
agree to withm ± 2 % 

Ottrtc acid has been detenmned by the nsnal colonmetno 
method of Puoher, Sherman & Vickery (1936) and acetic acid 
hy Long’s (1938) modification of the method of Weil 
Malherbe (1937) The details are given by Lidbeoq & Peters 
(1W9) Latterly, preparatory to the mtno amd estimation, 
all samples were boded m presence of acid, the oxidation 
ws earned out with permanganate, added drop by drop, 
and at 0-flN instead of 1 6 h 

Preparations 

Homogenates (‘ dispersions’) fiom pigeon bram were made 
by gnndmg m a mortar according to the description of Banga 
St el (1939), they were either dialysed as described by these 
a^ors or, more recently, some of the homogenates have 
b^ centrifuged for 30 nun m the cold room at 4000^, 

6 centrifuged sohd particles being then stirred mto I % K,01 


solution after separation firom the supernatant flmd, to give 
a ‘ centrifuged homogenate’ It should be emphasized that 
the moat satisfactory ‘ground’ homogenates are made by 
addmg the cold KCl solution to the sticky pounded bram 
tissue drop by drop m the mitial stages Weights quoted m 
tables are of fresh tissue 

Adenosmetnphosphate (ATP) was prepared from the Ba 
salt obtamed commercially (Boots Pure Hrug Co Ltd.) and 
was 80% pure 

The following acids were prepared by Mr R W Wakehn 
m this laboratory a ketoglutano acid, m p 114 6 (corx ), 
as acomtio acid from cis aoomtio anhydnde, m p 77°, tso- 
citno acid by hydrolysis of taocitno acid lactone, m p 138° 
aftor several recrystaUizations from ethyl acetate, this last 
m p IS lower than that given by Krebs & Eggleston (1944), 
but the compound behaved normally with acomtase 

RESULTS 

It IS convenient to give first the new facts and then 
to consider these m relation to previous work. 

AccumuJatum of citrate. 

The expemnents given in Table 1 are repre- 
sentative of several, and show that with dialysed 

Table 1 Citrate formed in absence and presence of 

fumaraie by dialysed homogenate of pigeon brain 

(Period of monbation 30 mm , following eqmhbration for 
10 mm Temp 38° Tissue, approx 200 mg , fumarate, 0 or 
10 pmol , pyruvate, 30 pmol , ATP, 1 pmol , MgCl,, 4 pmol 
m 2 6 ml m each bottle with 0 08 m phosphate buffer 
(pH 7 3) Addition of fumarate without pyruvate m control 
experiments prodnoed somewhat less citrate than did 
pyruvate without fumarate ) 



Citrate formed (/imoL/bottle) 

A 

Difference 

Exp 

Without 

With 

due to 

no 

fumarate 

fumarate 

fumarate 

1 

0 36 

2 43 

+ 2 07 

2 

0 71 

2 31 

+ 160 

3* 

0 05 

2 70 

+2 66 


• Centnfuged 


Table 2 Effect of cis aconitate and citrate upon oxygen uptake of centrifuged and dialysed brain dispersions 

(Tissue approx 200 mg /bottle, temp 38° Period of exp 30 mm Each bottle contamed 0 or 30 pmoL pyruvate, 0 or 
pmoL fumarate, 1 pmol ATP, 4 /imol MgClj and 0 08 ji phosphate buffer pH 7 3 m 2 6 ml ) 


Etp 

Ho 

1 

o 

3 

4 
6 * 
6 ‘ 


Concentration 

(pniol./bottle) 


CIS 


Acomtate Citrate 
45 


40 

16 

20 

10 

10 


0 

96 

11 

20 

0 

0 


Oxygen uptake (pmol /bottle) 


Eumarate absent Fumarate present 

, ^ 


No 

other 

addi 

Clfi 


Pyru 

P^TTivate PjTUvate 
+ CI« + 

No 

other 

addi 

Pyru 

Pyruvate Pyruvate 
+ct« + citrate 

acorn +C 1 S 

tlOUB 

Acomtate 

Citrate 

vate 

acomtate 

Citrate 

tions 

vate 

tate 

acomtate 

__ 





50 

67 



26 

98 

— 

— . 











30 

12 8 

13 0 

10 0 









— 

— 

— 

12 7 

— 

12 5 

28 

26 

23 

46 

66 

45 

39 

73 

— 

— 

— 

1 4 

— 

46 

77 

— 

— 

— 

— 

— 

— 

23 

— 

42 

80 

— 

— 

89 

— 

— 


♦ Dialysed and contamed only 10 pmol of pyruvate 
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Table 3 a Ketoglutarate estimated as formed in absence and presence of fumaratc 
in dialysed homogenates of pigeon brain 

{Tissue approx 200 mg /bottle, temp 38° Each bottle oontamed ATP, 1 pmol , MgCa,, 4 pmol mtb 0 08m phosphate 
buffer at pH 7 3, 0 or 10 /imol fnmarate, and pyruvate as mdioated, m 3 ml ) 

a Ketoglutarate found (pmoL/bottle) 



Pyruvate 

Penod of 

f 


Exp 

added 

moubation 

Fumarate 

Fumarate 

no 

(fimal ) 

(mm ) 

absent 

present 

1 

30 

40 

1 

3 7'| 


2 

18 

40 

Nil 

2 


3 

9 

40 

1 

28 



30 

(10 

Nil 

26 

■ 

4 : 

(40 

Nil 

36 



9 

(10 

06 

1 6 


0 

{40 

1 

2 8^ 


6 

9 

40 

24 

4 6) 


7 

9 

40 

Nil 

6 0| 


8 

0 

40 

Nil 

0 3£ 

1 

9 

0 

40 

Nil 

02£ 

f 


Sfethod of estimation 

Fnedemann A Haugen (1943) 

Krebs (1938) 

Fnedemann i Haugen (1943) 


brain homogenates respirmg m pyruvate, citrate is 
formed, and that upon addition of fumarate much 
more citrate accumulates than m its absence It 
was shown previously (Banga et al 1939) that 
addition of citrate does not produce a ‘fumarate’ 
effect m these homogenates, hence any two carbon 
fragment from pyruvate, after condensation with 
oxaloacetate and formation of citrate via cis 
acomtate, cannot be oxidized further Addition of 
CIS acomtate, together with pyruvate, gives some 
extra oxygen uptake m the absence of fumarate, 
tendmg to be less than that produced by fumarate, 
with fumarate and pyruvate there is no further 
mcreaae Citrate is inhibitory under some conditions 
(Table 2) Of other mtermediates m the cycle, 
a-ketoglutarate is known from previous work m this 
laboratory to be oxidized by the bram preparation 
(seep 323) The simplest mterpretation of these facts 
IS that m the bram homogenates some form of 
tncarboxyho acid cycle is operatmg, and that the 
oxidation sequence tends to be choked between cis 
acomtate and a ketoglutarate so leadmg to the 
accumulation of citrate 

Formation of a. ketoglutarate 

Durmg the respiration period of a bram homo 
genate, the concentration, of a substance estimated 
as a ketoglutarate is greatly mcreased if fumarate 
is present (Table 3) In the presence of pyruvate 
this can be demonstrated only by FViedemann’s 
Bpectrophotometnc method m the mixed 2 4 di- 
rntrophenyUiydrazones m alkahne solution It 
cannot be demonstrated with the various modiSca 
tions of the Neuberg Case method (Case, 1932), 
though its presence can be deduced by estimatmg 
the total hydrazone m this way and subtracting the 
value for pyruvate obtamed by the more specific 


procedure of Straub (1936) Tlie enzymic method 
of Krebs (1938) provides an mdependent means of 
assay 

Acetic acid 

The formation of acetate ion has not been so 
thoroughly mvestigated, but Table 4 shows that its 
behaviour m presence and absence of fumarate is the 
converse of that occurrmg with citrate and o keto 
glutarate This mdication that, m absence of 
fumarate, the pyruvate is largely degraded to acetate 
IS consistent with the hypothesis advanced by Long 
& Peters (1939) 

Table 4 Formation of acetate in absence and presence 
of fumarate by dialysed homogenate of pigeon brain 

(Each bottle contained ATP, 1 /unol , MgCli, 4/unol , 
0 08m phosphate buffer (pH 7 3), pyruvate, 30pmol , either 
0 or 10 /unol fumarate and tissue, approx 200 mg m 2 5 mL 
Penod of experiment 30 mm + 10 mm eqmhbration ) 

Acetate found (pmol /bottle) 

— 1 

Fumarate absent Fnmarate present 
_ 3 16 

__ 2 70 

13 26 4 42 

10 9 — 

The effect of malonale and the origin 
of a. ketoglutarate 

One of the important facts used m the proof of 
a tncarboxyho acid cycle m other tissues has been 
that there is formation of sucomate from fumarate 
m the presence of excess of malonate (Krebs & 
Eggleston, 1940) Smoe excess of malonate inhibits 
the action of suoomio dehydrogenase, it should also 
stop any possible formation of a ketoglutarate from 
fumarate via sucemate That the a ketoglutarate 


Exp no 

1 

2 

3 

4 
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Table 6 Effect of malonate on oxygen tiptake, disappearance of pyruvate 
and formation of citrate and a ketoglutarate 


(Each Teasel contained ATP, 1 /imol , MgClj, 4 /iinol , 0 08m phosphate buffer (pH 7 3) , 10 ;unol pvTuvate and dialysed 
brain homogenate equivalent to 160 mg tissue Mnlonate (where added), 0 026 m Tune of moubation was 30 mm +10 mm 
eqoflibration Temp 38° All figures given are m /imol /bottle, but the 0, values have not been corrected for the equdibration 
period ) 



Exp 1 

A 


Exp 2 

With 

Pyruvate fumarate 

With 

With 

fumarate 

With 

fumarate 

With 

fumarate 

alone (10 /imol ) 

malonate 

+ malonate 

Alone (lO/tmoL) 

+ malonate 


PyruTate disappearance 

36 

81 

30 

67 

66 

7 6 

66 

Oj uptake 

22 

69 

1 4 

60 

1 6 

67 

47 

Citrate formation 



26 

016 

24 




a Ketoglutarate formation 

0 37 

27 

08 

23 

0 20 

1 6 

12 


found m our experiments cannot be formed m this 
tvay IS shown by Table 6 , citrate and a ketoglutenate 
are produced m presence of malonate 
It seems certam that the substance estimated 
m this work is a ketoglutarate 2 4 dimtropbenyl 
hydrazone Not only does it behave spectrophoto 
metncally m the seime way as an authentic specimen, 
but also the substance can be converted mto 
suoomate and estimated enzymically as such Never 
theless, there are some facta which make it uncertam 
at first sight whether this substance is present m the 
bottles as a ketoglutarate , its amount is not 
appreciably moreased by vsocitrate (Table 6) and m 


Table 6 Comparison of a. ketoglutarate formation in 
presence of eia-accnitate and iso citrate unth that m 
presence of futnarale 

oontamed 10 fimol pyruvate, 1 0 funol 
> 4 0 pmoL MgCl, and 0 08m phosphate buffer at 
PU7 3 Pmal volume 3 mL/bottle Temp 38°) 


Exp 

CIS Acomtate 

lAoCitrate 

added 

Fumarate 

a Keto 
glutarate 

added 

(racemio) 

added 

found 

no 

(fimol ) 

(fimoL) 

(fimol ) 

(/imol ) 

1 

10 

0 

0 

0 76 


0 

0 

10 

3 76 

2 

10 

0 

0 

06 


0 

0 

10 

26 

3 

0 

20 

0 

0 1 


0 

0 

10 

20 

4 

0 

20 

0 

03 

6* 

0 

0 

10 

20 

0 

20 

0 

06 


0 

0 

10 

1 8 

^ coenzyme n, approx 

1 fimoL also 


malonate no extra a ketoglutarate 
* ^®V)glutarate itself is known to be 
ha bram tissue In view of this, we 

gluta *he possibihty that the ‘ a keto 

^ ongmaUy present as oxalosuccinate 
however, both the statements of 
oa and our obserimtions suggest that this is so 


unstable that it would not long remam unchanged 
The experunents with comparatively low concen 
trations of a ketoglutarate given m Table 7 show 

Table 7 Fate of a ketoglutarate added m vitro 

(Each bottle contamed 1 ^mol ATP, 4pmoL MgClj, 
0 08m phosphate buffer at pH 7 3, together with dialyaed 
bram dispersion eqmvalemt to 200 mg tissue Volume/bottle 
2 5 ml Prehmmary equdibration for 10 mm Temp 38° ) 
a Ketoglutarate (gmol ) 



Malonate 

r 

K 



Exp 

added 


After 

After 

no 

(/imol ) 

Initial 

10 mm 

20 mm 

1 

0 

30 

— 

08 


0 

60 

— 

1 7 


70 

60 

— 

22 

2 

0 

30 

1 6 

1 1 


0 

60 

29 

21 


70 

30 

1 6 

1 4 


that, though larger amounts are readily oxidized, 
smaller amounts tend to remam as such and their 
rate of disappearance is not greatly influenced by 
malonate Hence the behaviour resembles that m 
our experiments, and mdicates that the a keto 
glutarate found can be simply that accumulatmg m 
the system durmg the oxidation 

Oxygen uptake and the balance sheet 

In the past, it has been thought possible to draw 
up a balance sheet mdicatmg that 1 6 mol oxygen 
was used per mol pyruvate (Banga et al 1939), 
whilst the oxygen pyruvate ratio for the extra 
metabolism produced by adenybc acid m the presence 
of fumarate has been found to approach more nearly 
the theoretical ratio for complete oxidation, viz 2 6 
(Long, 1940) In absence ofadenyhc acid or fumarate 
the ratio is considerably lower Such calculations 
have been based on the assumption that the action 
of fumarate was a simple catalysis Smce we now 
consider that the fumarate enters mto a complex 
senes of oxidations such a balance sheet is im 
satisfactory, less oxygen is used than would be 
necessary for complete oxidation of pyruvate and 
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-we are forced to believe that incompletely o-adized 
products are left at various stages m the cycle No 
balance sheet can be made imtd full information is 
available of the amounts present of all partially 
oxidized products 

DISCUSSION 

Our experiments have led us to the behef that, as 
shown m other tissues, fumarate moreases the oxygen 
uptake with pyruvate m bram because it supplies 
oxaloacetate, and that therefore the total pyruvate 
oxidase system m bram, as understood m this 
laboratorjr, mcludes some form of ‘tricarboxyhc 
acid’ cycle Though there are stiU discrepancies to 
be explamed, these do not justify any longer a 
rejection of the idea of oxidation via a cycle, which is 
consistent with so much other evidence At the same 
tune, it IS not yet clear just how citrate is formed 
and there are other mcongmities which should bo 
mentioned Unlike kidney preparations, the bram 
homogenates do not oxidize citrate, they oxidize 
CIS acomtate only to a small extent Further, as 
mentioned, added cis acomtate gave rise to much 
smaller amounts of ‘a ketoglutarate ’ than did 
fumarate m a few experiments made by us (Table 6) 
We do not feel that the latter fact necessarily means 
that the a-ketoglutarate formed was ansmg by a 
separate path, because the conditions may be 
different when as acomtate is formed as an mter- 
mediate m presence of plentiful fumarate The 
simplest view is that m the preparations used here 
the cycle is partially blocked between the stages 
CIS acomtate and a ketoglutarate and also between 
a ketoglutarate and succmate, but this mterpreta 
tion stiU lacks the decisive proof that addition of 
some factor can remove the block 

Considermg the oxidation m presence of fumarate, 
Banga et al (1939) found that both ademne nuoleo 
tides and fumarate (as well as other acids m tlus 
senes) were mvolved m the more complete oxidation 
of p 3 nuvate In further careful work. Long (1946) 
concluded that the same amount of pyruvate dis 
appeared m presence emd absence of fumarate, but 
that with fumarate, there was a more complete 
oxidation of the pyruvate disappearing This led 
him to consider that the idea advanced by Banga 
et al (1939), that fumarate mcreased the utdization 
of p 3 rruvate, was erroneous, no allowance having 
been made for pyruvate formed diirmg the experi 
ment by oxidation of fumarate to pyruvate It is 
shown here that part of the a-keto acid estimated by 


Neuberg Case methods with fumarate present is 
a ketoglutarate, which mterferes only to an ex 
ceedmgly small extent m the Straub (1936) method 
used by Banga aZ (1939) Hence the discrepancy 
might be explamed by the failure of specificity m the 
Neuberg Case methods Nevertheless, the idea that 
the fimction of the fumarate is not simply catalytic 
13 correct Doubtless an exact knowledge of the 
amounts of various components of the cycle left m 
apartially oxidized state wouldlead to a quantitative 
balance sheet m these bram preparations, but, smce 
so much will depend upon uncertam factors m the 
fragmentation, this investigation seems of secondary 
importance at the present tune when various features 
of the cycle are more readily studied m other tissues 
(cf Green, Loomis & Auerbach, 1948) 

In absence of fumarate, the oxidatien of pyruvate 
takes a different course and seems to go to acetate 
rather than cis acomtate, as mentioned, this is con 
sistent with the hypothesis of Long & Peters (1939), 
with the observations of Banga et al (1939) m 
absence of fumarate, and with later work by Long 
(1943) 

It IS hoped to deal with this reaction later, and to 
leave to a later commumcation also the explanation 
of the apparent discrepancy between these results 
and some earher reports from this laboratory based 
upon the assumption that succmic dehydrogenase 
and the pyruvate oxidase system were acting mde 
pendently m brei Some of the imphcations of these 
experiments for pharmacology have been discussed 
elsewhere (Peters, 1948) 

SUMMARY 

1 An accumulation of citrate and of a keto 
glutarate has been found to accompany the oxidation 
of pyruvate by dialj'sed ‘dispersions’ (1 e finely 
ground homogenates) of pigeon bram m a medium 
containmg fumarate and reinforced with magnesium 
ions and ademne nucleotide 

2 Tlus evidence, despite the previous observa 
tion m this laboratory that citrate cannot replace 
fumarate m its effect on the oxygen uptake of these 
preparations, is taken to favour the operation m 
them of a tricarboxyhc acid cycle when fumarate is 
present 

3 When fumarate is absent, the oxidation of 
pyruvate is associated with the formation of 
acetate 

WearegrateMtoMisaM Pollock for help in some of these 
expeninents 
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Acceleration of Bacterial Glutamic Decarboxylase and Glutaminase 
by Cetyltnmethylammomum Bromide 
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Department of Biochemistry, The University, Sheffield 10 
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It has been shown m a previous paper from this 
laboratory (Krebs, 1948) that cetyltnmethyl 
ammomum bromide (‘cetavlon’) can accelerate the 
ecarbosylation of glutamate and the deanaidatioti 
a glutamine by washed suspensions of Oloatndiicm 
vxlchti The present paper is concerned with the 
roechanism of this effect As it is known that 
ctergents may alter the permeability of cells (Gale 
, 1947 , HotchkiBs, 1946), it was thought 

&t cetavlon might facihtate the entry of the 
su strates mto the cells To teat tins hypothesis, the 
® ect of cetavlon on the rate of decarboxylation of 
^ mate and glutamine by ceU free extracts has 
n exammed, but contrary to expectation the 
6 gent gave the same effect as with mtact cells 
lus the effect cannot be due to changes m the 
permeability of the ceU wall 


METHODS 

Cloafnhum loelchii S R 12 (National Coll 
10 hr° Cultures (N C T C ) no 6784) was grown 

anti p” ^ stram of Escherichia coli isolated loca 

on ’"OfEanii (N CT C no 2818) for 24 hr at 3 

described by Krebs (1048) Roden 
Tnd C?* ° ^ ^ ^’88). a icelchii, (N C T C no 67f 

ns Saecahs (N C T C no 6783), were gro 

caecui iT I 1 ^ (^947), but ‘Pronutrm (a commen 

M climf marketed hy Herts Pharmaceuticals Li 

Garden Citv) was nsed instead of tryptic cast 
Biochem 1949, 45 


Clostridium eepticum (N C T C no 647) served as a source of 
onnthine decarboxylase The activity of the ornithine 
decarboxylase was mcreased 26 fold by reinforcing Gale’s 
(1947) medium with extra ormthme (1 mg /ml medium) 

After growth, the cultures were centnfuged, the cells 
washed twice with 0 9% NaCl, and suspended m the 
appropriate buffer (Table 6) Phosphate buffer was used for 
the pH range from 7 0 to 6 6, acetate buffer for the range 
6 6 to 4 0 and lactate buffer for the pH range from 4 0 to 2 6 
The final concentration of the buffer was 0 lOsi 

Chemicals The preparations of L-glutamio acid, L-glnt- 
ammeand cetavlon used m this workwere those described by 
Krebs (1948) Ormthme was prepared firom male hemng roe 
by the foUowmg method The roe (260 g ) was heated on the 
water bath in a mixture of 160 ml of cone HGl and 50 ml 
of TiClj (20%) Durmg the heatmg the roe was broken up 
with a gin PS rod and when fairly uniform it was autoclaved 
at 120° for 46 mm Water and HCl were removed by distd 
Intion tn vacuo on a steam bath The residual gum was 
dissolved m 100 ml of hot water and 40 % NaOH added until 
the pH was 6 The solution was filtered and, after adjustment 
of the pH to 7 6, an argmase preparation (16 ml of 10% 
homogenized firesh rat hver) was added, and the mixture 
was moubated overnight Urea was estimated manometn 
cally and the ormthme content calculated from the urea 
formed 

Chemicaldetcrminahons Thedecarboiylation of glutamate 
and of glutanune was followed by measuring the evolution 
of CO. m a Warburg manometnc apparatus Buffer and 
substrate solutions were usually placed m the mam comport- 
mentofthocupandthecellBOTextTacts(seep 326) containmg 
the bacterial decarboxylase in the side arm The gas space 

21 
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Tvas filled witli Nj , and a stick of yellow phosphorus was put 
into the centre well to eliminate 0, After 10 mm oquih 
bration, the contents of the side arm and the main compart- 
ment were mixed Readmgs were taken at 2 or 4 mm. 
mtervals The rate of reaction is expressed as Qco.t 

1 e pi co./mg dry wt of cells/hr In the ease of extracts 
the QoOi calculated not firom the dry wt of extract used, 
but from the dry wt of the cells from which the extract was 
made The total volume of the fimd m each Warbuig cup was 

2 2 ml and the amount of enzyme matenal added was 
generally eqmvalent to 2 0-6 0 mg mtact cells, varying with 
the activity of each batch of matenal, which was detcrmmed 
by a prehnunary experiment The concentration of enzyme 
matenal was such that not more than 60% of the added 
substrate was decomposed m the first 10 mm , ne not more 
than 112 fJ CO, was produced Within a smtable range the 
rate of decarboxylation of glutamme m extracts was proper 
tional to the enzyme concentration Under the conditions 
used the range was between 1 and 20 mg /cup m the absence 
of cetavlon and 1 and 10 mg m its presence At higher 
concentrations the rate was too rapid for precise measure 
ment At lower concentrations the rate fell off after about 
6 min , possibly owmg to the destruction of the enzyme m 
dilute solution Under these conditions the rate was approxi 
mately Imear for at least 10 mm and the ^co^. calculated 
from the Imear rate of gas evolution Any deviation from this 
procedure is mentioned later Ammonia was determmed by 
the method of Pamas & Heller (see Pamas, 1904) 

Preparation of cdlfree extracts The washed cells were 
broken by grmdmg with powdered pyrex glass (Wiggert, 
Silverman, Utter & Werkman, 1940, Mcllwam, Roper A 
Hughes, 1948) The degree of cell disintegration was checked 
by mioroscopio exammation of a Gram stamed smear of the 
ground mixture diluted with water Usually no mtact cells 
were found, and the cell debns of Cl wdehn was Gram 
negative The clay like mass of broken cells and glass was 
mixed with 0 06 m acetate buffer, pH 4 0, m the proportion 
of 2 ml of buffer for 1 g of wet cells, and centrifuged for 
10 TTuri at about 4000 rev / min The supernatant was poured 
off and the residue extracted twice more with the same 


cells of Cl welchii suspended m 0 06 M acetate buffer, pH 
4 6, and stored at about 2° keep for several weeks The 
glutamic decarboxylase activity of an extract from Cl 
toelchii showed no decrease after 9 days at 2°, but a decrease 
of 36 % after 30 days at 2° In the same sample, the ability 
to decarboxylate glutanune fell off more rapidly, 30 % of the 
original activity was lost m 9 days and 66 % a^r 30 days at 
2° In another experiment, m which an extract was meubated 
without substrate for 20 min at 40° m 0 1 m acetate buffer 
pH 4 6, 32 % of the glutanuc decarboxylase and 80 % of the 
glutaminase activity disappeared Thus the glutammase m 
the extracts is less stable than the glutamic decarboxylase 
Most of the work desenbed m this paper was earned out with 
glutamic acid as the substrate m order to avoid comphcations 
ansmg from mstabihty of the glutammase 

RESULTS 

The effects of cetavlon on the rate of decarboxylation 
of glutamate and glutamine in intact cells and extracts 
Table 1 shows that cetavlon accelerates the decar 
boxylation of glutamate and glutamme m extracts 
and m washed cells of Cl welchii, Proteus morganii 
andEsc/i coh 

Table 1 The effect of cetavlon on the rate ofdecarboxy 
lation of glutamate and glutamine by intact cells and 
extracts 

(Temp 40°, substrate, 0 0046 M, cetavlon, 0 0026 11 , 
0 1 II acetate buffer pH 4 6 ) 



Substrate added 

Intact cells 

Extract 

Cl wdchii 


Glutamate 

270 

224 

Glutamate and cetavlon 

636 

405 

Glutamme 

114 

6 

Glutamme and cetavlon 

270 

290 


amount of buffer The three extracts were combmed, 
centrifuged agam, and the shghtly opalescent solution stored 
at about 2° m a stoppered cylmder 

Extracts of Cl icdchti contamed about 80 % of the ongmal 
glutamic decarboxylase activity (see Table 1) Extracts of 
equal potency were obtamed when the above buffer was 
replaced by other solutions (0 9 % NaCl, 0 06 M acetate buffer 
pH 6 0 or 6 0, or 0 06 M phosphate buffer pH 7 0) The yield 
of glutammase was difficult to measure with any oertamty 
owmg to the change m behavionr of the enzyme after 
extraction Eor instance, when the rate of decarboxylation 


Proteus morgann 


Glutamate 4;0 

Glutamate and cetavlon 310 

Glutamme 46 

Glutamme and cetavlon 260 

Each coh 

Glutamate 102 

Glutamate and cetavlon 425 

Glutamme 89 

Glutamme and cetavlon 270 


44 

82 

23 

66 


11 

160 

40 

270 


ofglntamme was measured at pH 4 9 the yield of glutammase 
appeared to be 60-60 % without cetavlon and 80-90 % when 
it was added When the activity was measured at pH 4 1 the 
yield of glutammase appeared to be negligible m the absence 
of cetavlon, but when the detergent was added the activity 
was often greater than that of the mtact cells (see Table 1) 
Extracts of Proteus morgann decarboxylated both 
substrates more slowly than the mtact ceUs both in the 
absence and presence of cetavlon 

Each coh gave extracts which under the conditions used 
appeared to oontam 26-40 % of the ongmal decarboxylase 
and 60—100 % of the ongmal glutammaBe activity 

SlatnUty of the enzyme preparations As already reported 
(l^reba, 1948) the decarboxylase and glutammase m mtact 


With intact cells of Cl welchii at pH 4 1 the degree 
of acceleration of the decarboxylation of glutamate 
on the addition of cetavlon was from two to three 
fold In extracts the effect of cetavlon was shghtly 
less than with the mtact cells, but of the same order 
On the other hand, the decarboxylation of glutamme 
showed strdung differences between mtact cells and 
extracts of Cl welchii (see Table 1) In the absence 
of cetavlon the extracts were 20 % less active than 
the mtact cells even at pH 4 9, winch has been 
shown to be the optimum pH for the decarboxylation 
of glutamme (Krebs, 1948) The low activity of the 
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extracts towards glutamine is not due to an irrever- 
sible destruction of the enzymes because the 
addition of cetavlon greatly mcreases the sotivity, 
m some oases to a Q(^ level higher than that of the 
mtact cells 

In the case of Proteus morgamt the acceleration by 
cetavlon was more marked m mtact cells than m 
extracts It wdl be shown later for Cl welchii that 
the pH and the substrate concentration can greatly 
influence the effect of cetavlon The role of these 
factors has not been investigated for Proteus 
morgami 

In Each coh the effects of cetavlon were very 
pronounced both on mtact cells and on extracts, 
irrespective of whether glutamate or glutamme was 
the substrate 

The effect of cetavlon on the pH curve of the glutamic 
decarboxylase tn extracts of Clostridium welchu As 
shown in Fig 1 addition of the detergent to extracts 



Fig 1 TheeffeotofcetavlononthepHcurveoftheextraoted 
decarboxylase of Cl wdehii 0 1 m laotate, pH 2 5-3 0, 
0 1 M acetate, pH 4 0-6 0 , 0-0025 ii cetavlon if added, 
substrate 0 0046 m glutamate, extract corresponding to 
2 0 mg dry wt of cells, total volume 2 2 ml , temp 40° 

of glutamic decarboxylase from Cl welchii changed 
the shape of the pH curve of the enzyme by 
broadenmg the optimum towards the lower pH 
range Tlus effect is sunilar to that found with 
mtact cells (Ivrobs, 1948) Above pH 4 8 mlubitions 
X nr jnng from 5 to 20 % were found on the addition 
of eetax Ion to both extracts and cells As the degree 
of acceleration bj cetavlon was greatest between 
pH 4 0 and 4 2 its effect has been measured at 
pH 4 1 

It 18 notoworthx that the pH optunum m the 
absence of cota\ Ion is 4 G with extracts and 4 1 with 
colls Similar changes in the optimum pH of the 
tvrosmo decarboxx lase on extraction from Strep 
faccahs haxo been described bx Epps (1944) 
Another point of interest is that the extracted 
enzx-mo has a sharper pH optimum than has the 
enzxnno of the intact colls 


The effect of cetavlon on the stability of glutamic 
decarboxylase in extracts of Clostridium welchu 
There was loss of actixnty of the decarboxylase 
without the addition of cetavlon when the extract 
was meubated at 40° at pH 4 9, 4 1, 3 0 and 2 6 
(Table 2) Cetavlon had httle effect on tlus loss of 

Table 2 The effects of cetavlon on the stability of the 
glutamic decarboxylase in extracts of Clostridium 
xvelchu 

(Mam compartment 1 0 ml 0 2 u buffer, 0 5 ml extract, 
equivalent to 2 0 mg dry wt cells, if added, 0 1 ml 2% 
cetavlon Side arm 0 6 ml 0 01 m glutamate Total 
volume 2 2 ml Contents mixed after 10 min or 20 mi n 
at 40°) 

Oco, at 10 mm Qoo. &t 20 mm 

* X A 


Buffer 

Without 
cetax Ion 

With 

cetavlon 

Without 

cetavlon 

With 

cetavlon 

Acetate pH 4 9 

264 

264 

180 

180 

Acetate pH 4 1 

142 

260 

82 

160 

Lactate pH 3 0 

62 

190 

26 

124 

Laotate pH 2 5 

33 

99 

10 

43 


activity The accelerating effect of cetavlon after 
partial destruction of the decarboxylase was about 
the same as before mcubation The detergent there 
fore neither destroys the actmty of the enzyme nor 
protects it from destruction 

The effect of cetavlon on the solubility of the extracted 
decarboxylase of Clostridium welchu On adjustmg 
the pH of extracts to below pH 4 3 xnth acetate 
buffer a precipitate was formed About 60 % of the 
decarboxylase activity was precipitated at pH 4 1, 
and both the precipitate and the mother hquor gave 
the cetaxdon effect (Table 3, Exp 1) In the presence 
of cetavlon almost all the decarboxylase was m the 
precipitate (Table 3, Exp 2), and the activity of the 
washed precipitate was not mcreased by the addi 
tion of cetavlon At pH 4 6, the addition of cetavlon 
produced a precipitate, wluch, even after washmg, 
contamed decarboxylase whose actix-ity was agam 
unaffected by the addition of further cetavlon About 
70 % of the actixnty was recovered m the precipitates 
formed when cetavlon was present, but quantitatix-e 
assay was difficult as the precipitates were x'ery 
sticky and adhered to pipettes and test tubes The 
material was insoluble m acid and neutral buffers 
and lost actixnty if the pH was aboxe 7 0 On the 
other hand, precipitates obtamed bj adjustmg the 
pH of the extract to pH 4 1 xvithout the addition of 
cetax Ion redissolx ed at pH 6 and were stable ev en 
at pH 9 Aboxe pH 9 the actix-itj was lost rapidly 
If the extract was adjusted to pH 4 1m the 
presence of methyl orange the precipitate xvas 
stamed orange when cetax Ion xvas absent, and this 
orange colour xvas remox ed slOwIy bx washmg IVhen 
cetax Ion was present the precipitate was bright 
yellow and the colour was not remox-ed after four 

21-2 
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Table 3 TI 1 & effect of pH a7id cetavlon on the precipitatton of the gluiatmc decarboxylase 


(Each fraction was transferred in 0 6 ml water to the side arm, 0 0046 M glutamate, 0 1 
cetavlon, if added, 0 0026 11 , were m the mam compartment Total volume 2 2 ml ) 


SI acetate buffer pH 4 1 and 
GcOj 

I > 


Condition of precipitate 

Control Ongmal extract not precipitated 

Exp 1 Extract taken to pH 4 1 with acetate, left 16 mm at 2°, 
centrifuged, precipitate washed once with 0 06 si acetate buffer pH 4 1 

Exp 2 Extract precipitated as above but m the presence of 2 6 x 10“^ si 
cetavlon, precipitate washed once -with 0 006 si acetate buffer pH 4 1 

Exp 3 Extract adjusted to pH 4 6 , diluted to the same volume as the 
above experiments and cetavlon added (final concentration 2 6 x 10 “’si) 
Precipitate washed as above 



Without 

With 

Fraction tested 

cetavlon 

cetavlon 


108 

344 

Supernatant 

69 

118 

Precipitate 

88 

188 

Supernatant 

0 

0 - 

Precipitate 

268 

268 

Supernatant 

0 

0 

Precipitate 

262 

262 


■washings svith 0 06 m acetate buffer pH 4 6 or 4 1, 
or -with 0 06 SI phosphate buffer, pH 7 0 Hartley 
(1923) has shown that some cationic detergents 
change methyl orange to a bright yellow colour This 
colour change is not due to any change m pH and is 
connected with micelle formation by the detergents 
The fact that methyl orange becomes yeUow when 
absorbed on to precipitated enzyme material 
mdicates that detergent protem complexes have 
been formed (Putman & Neurath, 1946, Lundgreen, 
1946) 

Microscopic exammation showed that the precipi 
tate obtained by acidifymg the extract to pH 4 1 was 
compoaed of verj’’ fine granules irhen cetavlon was 
absent, and coarse granules when the detergent was 
present "WTien these precipitates were shaken •with 
glutamate at 40° the one ■without cetavlon did not 
change m appearance, whilst the one ■with cetavlon 
became coarser This effect is similar to that found 
by Klarman & Wnght (1946) on the clumpmg of 
bacteria by detergents Thus cetavlon neither 
solubdizes nor peptizes the enzyme containing 
material, but precipitates it and forms complexes 

Th e effect of cetavlon on the rate of decarboxylation at 
varying concentrations of glutamate At 30° the rate of 
decarboxylation of glutamate (2 mg dry cells m 
2 2 ml , substrate concentrations 0 0023-0 046 m) 
was found to be steadier than at 40°, and the 
foUo^wmg experiments were therefore carried out at 
30° Table 4 sho^ws the effect of cetavlon on the rate 
of decarboxylation at different glutamate concen- 
trations by washed ceUs and extracts It ■will be 
seen that the effect of the detergent was greatest at 
the lowest substrate concentrations, whilst at high 
Substrate concentrations when the enzyme is almost 
saturated ■with substrate it has httle or no effect The 
mcrease bemg, m the case of the cells, 147% at 
0 0023 M glutamate and only 13 % at 0 046 M 
glutatnate These results can be explamed on the 
assumption that cetavlon mcreases the apparent 
affinity of the substrate for the enzyme The 
concentrations of substrate givung half the Tna-nrrmm 
velocity, deterrmned graphically from the results 


given m Table 4, are as follows mtact washed cells, 
■without cetavlon, 0 009m, -with cetavlon, 0 004m 
Extract of cells, -without cetavlon, 0 0096m, -with 
cetavlon, 0 0046m 


Table 4 Effect of cetavlon on the rate of decarb 
oxylation at varying concentrations of glutamate 

(In each Warburg cup, 0 1 m acetate buffer (pH 4 1), 
glutamate solution, 0 0026 m cetavlon, if added, enzyme m 
the Bide arm, total volume 2 2 ml , temp 30° ) 


Glutamate 

Qco, 

A 


1 


(u) 

Without cetavlon With cetavlon 
Intact washed cells 

0 046 

890 

1003 

0 023 

790 

990 

0 011 

635 

746 

0 0046 

268 

466 

0 0023 

109 

268 

Extract of the above cells 


0 046 

636 

676 

0 023 

492 

682 

0 011 

330 

466 

0 0040 

211 

362 

0 0023 

126 

231 


Assunung that the half maximum velocity is a 
measure of tlie apparent afiimty of the enzjune for 
the substrate, the addition of cetavlon moreased the 
affimty of the decarboxylase about twofold, both 
■with mtact ceUs and -with extracts 

Changes m the apparent affimty of enzyme for 
substrate can be brought about by competitive 
inhibitors, addition of a competitive inhibitor 
decreasmg, and its removal mcreasmg, the apparent 
affimty The effect of cetavlon could thus be ex- 
plamed by the assumption that it removes a com- 
petitive inhibitor which accompanies the bacterial 
decarboxylase and glutannnase This conception is 
supported by the graph sho-wn m Fig 2, m which a 
plot IS made of the reciprocal of the velocity l/e 
against the reciprocal of the substrate concentration 
I/iS (Lmeweaver & Burk, 1934) The two lines 
referrmg -to extracts show the same ordinate mter- 
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cept, 1 e the same maximum velocity, but the 
addition of cetavlon has decaieased the slope 
Aecordmg to Lmeweaver & Burk (1934) this is 
expected if a competitive inhibitor is removed 



Fig 2 Data in Table 4 plotted as suggested by Lmeweaver & 
Burk (1934), ti=:reaotion velooitv, expressed as , 
5= substrate ooncentration (m) x — x, mtaot cells 
without cetavlon, 0—0, mtaot cells with cetavlon, 
^ extract without cetavlon, □ — □, extract with 
cetavlon 


The plot of the data obtamed with mtaot cells, 
when cetavlon is absent and the substrate concen 
tration is low, does not give a straight hne This 
suggests that under these conditions the rate of 
entry of glutamate mto the ceU limits the rate of 
decarboxylation This conclusion is further supported 
by the fact that a straight Ime is obtamed from the 
data with extracts 


The plot obtamed from the results with mtact 
cells m the presence of cetavlon shows two pomts of 
mton^ Fmst, the hne is straight, suggestmg that 
TOtavIon ehmmates diffusion as a controUmg factor 
beco^j , the Ime is almost paraUel to that showmg 
the effect of cetavlon m the extract This means that 
although cetavlon shows an effect on the rate of 
ent^' of glutamate mto the ceU, the apparent affmity 
of the enxjmie m mtact cells is also mcreased, m the 
Mme^j os m extracts The fact that the accelera 

Sect onri'r oxplamed by an additional 

Ponneabihty of the cell 
decarboxylation 
coucciurahons The 

of glutamine bv°rxtmc'S of 0 ??^ 

"attfe tt 

saturate the cnzvme was not reached, as the solm 


bihty of glutamme at 30° is approximately 0 233r 
The decarboxylation is extremely slow at low con 
centrations of substrate without cetavlon and is 
mcreased by the addition of cetavlon, the cetavlon 
effect decreasing as the substrate concentration is 
raised This suggests that the apparent afiimty of the 
glutammase is mcreased m a manner smular to that 
of the decarboxylase 


Table 6 The effect of cetavlon on the rate of decarboxy- 
lation of varying concentrations of glutamine by 
extracts of Clostridium welchu 


(01m acetate buffer pH 4 1 , glutamme and 0 0025 M 


cetavlon m the 

centre, enzyme m 

the 

side arm, total 

volume 2 2 mL , temp 40° ) 





^COj 


Glutamme 



■ ■ ■■ ■ , , 

(M) 

With cetavlon 

Without cetavlon 

0 23 

1160 


440 

0 12 

850 


260 

0 046 

490 


143 

0 023 

330 


78 

0 0124 

260 


24 

0 0046 

216 


10-60 

0 0023 

144 


10-60 

Treatment of the results, aecordmg to Lmeweaver 

& Burk (1934), does not give as clear a result as m 


the case of the decarboxylation of glutamate Whilst 
the plot of 1/5 against Ijv is a straight Ime for 
extract with cetavlon, that for the extract alone 


gives an S shaped curve If the results for extract 
alone are plotted m the form Ijv against 1/5® the hue 
IS straight With a smgle enzyme this result suggests 
that either a ternary collision was mvolved or that an 
inhibitor was present 

The effect of cetavlon on other enzyme systems No 
acceleration of any other enzyme sj'stem has been 
found The systems tested and the methods of 
testing are summarized m Table 6 


DISCUSSION 

The acceleration by cetavlon of the decarboxj lation 
of glutamate and glutamme, wluch had prevuously 
been reported with mtact cells (Krebs, 1948), has 
now been shown to take place with extracts of Cl 
welchu, Proteus morgami and EscJi coh The effects 
are generally of the same order as with mtact cells, 
thus the mam action cannot be due to an effect on 
permeabihtj' of the cell walls At low substrate 
concentrations the degree of acceleration with mtact 
cells was slightly lugher than with extracts, and tins 
mav^ be due under these conditions to an additional 
effect of cetav Ion on cell permeabditv 

Examination of the cetavlon effect at vamng 
substrate concentrations showed that the detergent 
mcreased the apparent afSmtv of the decarboxv lose 
for glutamate Changes m the affimtv of an enzvmo 
for Its substrate ean be brought about bv the 
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Table 6 The effect of cetavlon on the reaction rates of enzymes other than glutamic decarboxylase 

and glutanimase of Clostridium ■welchii 


Name of enzyme 
Ormthme decarboxylase 

Source of enzyme 

Washed mtact cells of 

Cl sepheum 

Method of prepara 
tion and expen 
mental conditions 

Gale (1947) 

pH at which 
the system 
was tested 

6 6, 6 0, 4 0 

Effect of cetavlon 
(0 0026 M and 0 01 m 
final concentration) 

None 

Tyrosme decarboxylase 

Washed mtact cells of 
Strep faecalts 

Gale (1947) 

6 6, 6 0, 4 0 

None 

Tyrosme decarboxylase 

Extract of acetone dned 
ceUs of Strep faecalts 

Epps (1944) 

6 6, 6 0, 4 0 

None 

Argmme decarboxylase 

Washed mtact cells of 
Esch coh 

Gale (1947) 

6 0, 4 0 

None 

Argmme decarboxylase 

Extract of EscH coZidis 
mtegrated by grmding 
glass 

Tested as with 
mtact cells 

6 0,40 

None 

Histidine decarboxylase 

Washed mtact cells of 

Cl welchn stram (6786) 

Gale (1947) 

6 0, 4 0, 3 0 

None 

Lysme decarboxylase 

Washed intact cells of 
Bad cadaierts 

Gale (1947) 

6 0, 4 0 

None 

Glutamic decarboxylase 

Extracts of carrots and 
squash 

Schales, Mims A, 
Sohales (1940) 

6 0, 4 0, 3 0 

None 

Urease 

Extract of Jack bean 
meal 


6 0,40 

None 


following mechanisms (a) mcreased concentration 
of substrate m the vicmitj"^ of the enzyme (Van 
Slyke, 1942), (6) an alteration m the properties of 
the enzyme by reaction with an added substance, 
(c) removal of an mhibitor 

It seems unlikely that mechanism (a) is mvolved, 
as transport of material by surface active agents has 
been demonstrated only m the case of hpopluhc 
substances (Dean & Vmograd, 1942), and neither 
glutamate nor glutamme is lipophilic 

The reaction of surface active agents with enzymes 
usually leads to mactivation of tlie enzyme (Putman, 
1948, Valko, 1946) On the other hand, Bodm & 
TTill (1946) found that the addition of amonic deter- 
gents to prototyrosmase mcreases the activity , they 
suggested that the mcrease was due to formation of 
enzyme material from a precursor, but did not 
mvestigate the effect of detergents on the affimty of 
the enzyme 

The data on the effect of cetavlon at varymg 
substrate concentrations strongly suggest that a 
competitive inhibitor of the glutamic decarboxylase 
IS removed by cetavlon, either by solubdization of the 
inhibitor on micelles (for this effect see Alexander & 
Tnm, 1946), or by combmation with the inhibitor to 
form a complex 

The experiments on the effect of cetavlon on the 
apparent affimty of the glutammase do not give such 
a clear picture as those on the glutamic decarboxy- 
lase However, tlie results suggest that cetavlon 
accelerates the glutammase by the removal of an 
mhibitor 


‘ SUMjVIAHY 

1 CeU free extracts contammg glutamic decar 
boxylase and glutammase have been prepared 
from Clostridium welchn, Proteus morganii and 
Escherichia coli by grmchng the cells with powdered 
glass, adchng buffers to the ground mass and 
centnfugmg 

2 Of the ongmal decarboxylase of the mtact 
cells, about 60 % was recovered m extracts from Cl 
welchn, 30-40 % from Proteus morganii and 26-40 % 
from Each colt The glutammase activity of extracts 
was between 60 and 100% of that of the mtact 
cells 

3 The activity both of the decarboxylase and of 
the glutammase m the extracts was mcreased by the 
addition of cetavlon 

4 The acceleration of the decarboxylase by 
cetavlon m mtact cells and extracts of Cl welchn 
became smaller as the substrate concentration was 
raised, 1 e the apparent affinity of the decarboxylase 
for glutamate seems to be mcreased by the addition 
of cetavlon 

6 Bacterial decarboxylases actmg on omithme, 
t 3 rrosme, argmme, lysme and histidme are not 
accelerated by the addition of cetavlon, nor is the 
glutamic decarboxylase of Daucus carota (carrot) or 
Cucurbita pepo (squash) 

The author mshes to express his thanks to Prof H A 
Krebs, FJl S , for his help and ontioism, and to Miss E 
Ellis for teohnical asaistanoe 
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Factors Influencing the Polysaccharide Content of Escherichia coli 

By S DAGLEY aud E A DAWES 
Department of Biochemistry, School of Medicine, University of Leeds 

(Received 28 February 1949) 


It IS known tliat bactona build up reserves of 
polysaccharides within the cell, but little work has 
been done on the factors wlucli influence their 
accumulation Our object was to investigate 
factors influencing polysaccharide storage and the 
role which storage plays m the metabolism of the 
bacterial cell Dawson & Happold (1943) reported 
that D phenylalanine caused mcreased storage of 
polysaccharide when Escherichia colt was grown on 
a glucose, but not on a mannose, medium Gale 
(1947) has stated that polysaccliande formation 
occurs withm the cell when Esch coli is allowed to 
metabohze glucose m excess, but tliis material is 
itself metabohzed as soon as the external glucose is 
exhausted To mvestigate this, storage was exammed 
n here onset of the stationary phase was detennmed 
by both glucose and mtrogen exhaustion m the 
medium 

Additional mterest m variations of polysaccharide 
content was occasioned by frequent observations 
t lat n fall m bacterial moss, as mdicated by turbidity 
ineasurements, occurred m the early stationary 
pia^ Monod (1942) also observed decrease m 
urbiditj , attributed to a decrease m cell size, m tins 
P jsso, and it was of mterest to see iv hetlier tins was 
related to polj'sacchande content 

EXPERIMENTAL 

. ^ ^rgonisni used throughout this work, unless otherwise 
6928 of the Xational Collection of Type 


Grovrth cycles were followed tnrbidimetnoaJly, usmg 
a Spekker photoelectno absorptiometer with neutral filters, 
H 608, and miorocelle Smee we have shown that values for 
the polysacchande content ore dependent on the stage 
reached m the stationary phase we have been careful to 
eneuie that samples were taken at the same phase of growth 
In every expenment the moculum has been token from a 
medium containing the same constituents as the medium to 
be used m the expenment, and from the early stationary 
phase, under which conditions minimum lag is obtamed 
(Hmshelwood A Lodge, 1943) 

Flasks were meubated m a thermostat at 38“ Determi 
nations of pH were made with a Slarcom typo TF 717A pH 
meter Dry weight determinations were made on 1 ml 
bacterial suspension placed on a watch gloss and heated 
overnight m an eleotno oven (S0-90“) to constant 
weight 

For polysacchande determmationa portions of at least 
260 ml culture were centrifuged and the supernatant 
reserved for pH and sugar detenmnationa The cells were 
twice suspended m distilled water and agam centrifuged, 
taken up m 10 ml distiUed water, filtered through glass wool 
and used for polysacchande and dry weight determinations 
No sugar was detected m the supernatant after final 
centrifugation 

Alcdta 

Medium A, a simple salt medium contammg 5 4 g 
KH.PO,, 12 g (NHfliSO,, 60 g glucose and OGO g 
MgSO, 7H 0/1 , pH adjusted to 7 12 with NaOH 

Medium B, a complex ammo acid medium contammg 
0 1 g n-evstme, 0 5 g glvcme, 1 g nn-valme, 5 g sodium 
glutamate.lSg Nalactatc,5g NaCl 2 5g Na HPOj 12HjO, 
0 35 g KH.PO«,0 30 g MgSO, 7HtO, 3 5 mg FeSO, 
7H.O/] , pH adjusted to 7 6 with NaOH 



332 


S DAGLEY AND E A DAWES 


Addition of sugar was made separately The medium 
and sugar were stenlnsed separately by boiling on succes 
Bive days 

Determiruxtion of haclenal polysaccharide, 

The polysaoohande content of Each colt has been deter 
mmed by Dawson A Happold (1943), usmg the Sahyun (1931) 
method for the determmation of tissue glycogen Smce this 
mvolves treatment with 10 n KOH m a bodmg water bath 
the method appeared open to objection on the grounds that 
this would result m loss of such constituents as ammo sugars 
Furthermore, adsorption on charcoal is also employed and 
this may result m low recovenes The determmation of 
reducmg sugar by the Hagedom & Jensen (1923) techmque, 
which IB not specific for reduomg sugar, is also open to 
objection These possibihties were, therefore, mvestigated 
To determme reduomg sugar the method of Somogyi(1937) 
was adopted This reagent was found to keep well, and 
periodic restandardization revealed no sigmfioant change m 
reduction eqmvalent The hydrolysis of bacterial poly 
saccharide was effected with HjSO^ and optimum conditions 
for this, and the effect of alkah treatment, were mvestigated 



Fig 1 Polysaoohande content of Esch colt determmed by 
the Somogyi (1937) method, after varymg penods of 
hydrolysis of washed cell snspensions with 2 N HjSOt , and 
after 16 hr hydrolysis of washed cell suspensions with 
varymg concentrations of HiSOj 

Effect of length of hydrolysis on polysaccharide deiermtnalton 
Portions (6 ml ) of a baotenal suspension were hydrolysed m 
sealed ampoules with 2 n HjSO^ for varymg penods m a 
boihng water bath, the contents transferred quantitatively, 
neutralized and made to 60 ml. Portions (6 ml ) were used 
for reduomg sugar determmations (tnphcate) The poly 
saoohande content of the oigamsm is espressed m terms of 
glucose eqmvalents as a percentage of the dry baotenal 
weight Fig 1 shows that hydrolysis is complete at approxi 
mately 10 hr Accordingly, for convemence, all hydrolyses 
were earned out overnight 

Effect of acid strength on polysaccharide deiermtnatton 


1949 

Fig 1 shows the \ anation m polysaoohande content obtamed 
when hydrolysis of the baotenal suspension was earned out 
with vanous acid strengths It will be seen that there is 
httle difference over the range 1-6 n, manmum effect bemg 
obtamed with 2 — In acid Accordmgly, we decided upon 
2 n acid for hydrolysis m all subsequent work. 

Effect of pre treatment mth alkali The effect of treatment 
with 2 n NaOH pnor to acid hydrolysis was mvestigated 
Portions (6 ml ) of baotenal suspensions were made 2^ with 
respect to NaOH, and the unsealed ampoules covered with 
glass bulbs and placed m the boilmg water bath for given 
penods They were then removed, made 2i. with respect to 
HjSO^, sealed and returned to the water bath Treatment 
with 2^ NaOH for 2 hr pnor to 10 hr hydrolysis with 
2 n HjSOj gave a polysaochande content of 7 1% dry 
baotenal weight as compared with 16 6% with the oontroL 
Pre treatment with NaOH therefore results m a much lower 
figure for polysacchande content 

Comparison of polysaccharide determinations by the 
Somogyi and Hagedom tt J ensen methods For convemence, 
hydrolysis m this experiment was conducted for 2 hr only, 
and then the reducmg sugar hberated determmed by both 
the Somogyi (1937) and Hagedom A Jensen (1923) methods 
In three different expenments the latter method gave much 
higher figures, m some cases double the Somogyi value 
VIZ Somogyi 3 6, 2 7, 3 7 and Hagedom A Jensen 7 3, 6 3 
and 6 6 % dry baotenal weight respecfively Clearly, the 
Hagedom A Jensen method is detemimmg reducmg 
substances other than sugars The findmgs that alkali 
causes destmetion of approximstely 60% baotenal poly 
sacohande, and that the Hagedom A Jensen method of 
reducmg sugar determmation gives very high results with 
baotenal hydrolysates, was fully borne out when a direct 
companson of Dawson A Happold’s (1943) method was made 
with our own (see p 333) 

Comparison of polysaccharide determinations by the Damon 
d. Happold technique and by acid hydrolysis Seeking to 
explam the difference m observations recorded by Dawson A 
Happold (1943) usmg the Sahyun (1931) method, and our 
selves, employmg acid hydrolysis, on the effect of n phenyl 
alanme, we undertook a direct comparison of both methods 
and also earned out the reducmg sugar determmations by 
the Hagedom A Jensen and the Somogyi teolmiqnes Thus 
a companson was afforded of both important stages m the 
procedure first hydrolysis and then reduomg sugar determi 
nation 

Two flasks were set up each contammg 1 1 of medium B 
to which 1 % (w/v) of glucose and nn- tryptophan was added. 

D PhenylsJanme (0 13 g ) was added to one of these flasks 
and both moculated with two loops of baotenal suspension 
Polysaoohande determmations were earned out, when the 
stationary phase had been reached, by both methods The 
results (Table 1) confirm our previous todmgs, namely, that 
destmetion of 46-60 % of baotenal polysaochande is brought 
about by the KOH treatment m the Sahyun method, and 
also that the Hagedom A Jensen method of sugar detemu 
nation gives results which are about 60 % too high, presum 
ably duo to the presence of reduomg substances other than 
sugars Qmte clearly the Sahyun method for glycogen is not 
smtable for total baotenal polysaochande determmations, 
and neither is the Hagedom A Jensen method suitable for the 
determmation of reduomg sugar hberated from such matenaL 
All our work therefore has, with justification, been based on 
acid hydrolysis of the cells followed by detennmation of 
reducmg sugar by the Somogyi method. 
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It -mil bo noted tbnt, using the Snbtun and Hngcdom i, 
Jensen methods, the potj-Bacchunde content is slightlj higher 
m the presence of n phcnjlalnnmo However, using tho 
method of Dawson L Happold, tho poh sacchando content 
obtained is vciy much greater than that recorded bv them 
(about 6%) and this is apparently duo to a strain difTcrencc 
To mvestigato this possibihty the poU sacchando content of 
vanous strams has boon csaimncd (see p SSI) 

Table 1 Cornparison of polysaccharide determinations 
by the Sahyiin and acid hydrolysis incfJiods uifh 
reducing sugar dc/cmiinafions by the Hagedorn rf. 
Jensen and Somogyi techniques 

Polysacchando content 
(% bactenal wt ) 

Method of , ■' ^ , 

hvdrolvsis Sahvun 2 n HjSO j 

Method of , '' , , ^ 

reduemg sugar Hagedorn Hngcdom 

determmation i Jensen Somogyi dt Jensen Somogyi 

Control 16 5 10 8 28 2 10 5 

0-013% (w/v) 17 5 12 8 20 8 18 7 

D phenyl 

alanme 

Accitracyoflhemelhod Twosetaolduphcatodetcrminations 
were earned out, with different dry weights, hydrolyses and 
reducing sugar detennmations bemg all earned out uide 
pendentlv, all possible experimental vanablcs were intro 
dneed. For two different samples of HscTi coIi grown under 
different conditions the polysacchande contents (% dry 
bacterial weight) were sample 1 — 13 5, 13 3, sample 2 — 
n 5, 17 4. 

Final method for bacterial polytacchande determinations 
Portions (6 mL) of bactenal suspension (washed free from 
sugar present m medium as previously desenbed) were placed 
m ampoules, 0 3 ml cone HiSO, added to each to make 2n 
with respect to and, and the ampoules sealed and placed in 
a boihng water bath overnight They were then opened and 
the contents transferred quantitatively, with filtering to 
remove debris, to 60 mL graduated flasks, noutrahzed and 
made to the mark with water Portions (6 mL) were used 
m tnpheate for the detennmations with 6 mL Somogyi 
reagent Liberated I, was titrated with 0 005 N NajSjO,, 
which was made from 0 Is stock solution immediately 
before use 

HESULTS 

The mnatton of polysacchande content of Esohenchia 
cob at vanous phases of the growth cycle 

Fariations tn polysacchande content with time 
Growth was followed by turbidity measurements m 
a medium m wbiob glucose was known to be m 
excess (simple medium A) The fluctuation of poly 
saccharide content with tune is shown m Fig 2 It 
13 seen that between 20 and 38 lir a fall m poly 
saccharide occurs In another experiment the 
polysacchande content during this phase of growth 
■was followed more fully over a penod of 46 hr The 
polysacchande content 1 76 hr before onset of the 
stationary phase was 16 9%, 22 hr after onset it 


was 12 2% and 42 lir after, 9 0% A fall m poly 
Baccliando content over long periods of the station 
ary phnso has been confirmed m several subsequent 
oxpenmonts concerned inth the influence of other 
factors 



Fig 2 Fluctuation of polysacchande content of Esch coU 
with time Growth cycle followed turbidimetncaUy 
(O — O ). and polj sacchande content (A — A) determmed 
at vanous stages of growth and stationary phase 

Influence of factors determining onset of the 
stationary phase Using the simple medium A, 
glucose concentration was mamtamed at 20 g /I 
and the concentration of (NH 4 )iS 04 varied A hnear 
relationslnp was obtamed between stationary 
population and (NHjl.SOi concentration up to 
I 2 g /I , the highest concentration used, at whicli the 
stationary population was approximately 10* 
bacteria/ml Similarly, with excess (NH 4 ),S 04 
present at a concentration of 4 g /I , a hnear relation 
ship existed up to tlie lughest concentration of 
glucose used (0 9 g /I ) and the stationary population 
was approximately 3 7 x 10® bactena/ml These 
findmgs are m accordance with those of Dagley & 
Hmshelwood (1938) and Hmshelwood & Lodge 
(1039) for Aerobacter aerogenes, and mdioate that 
over these ranges of foodstuff concentration the 
onset of stationary phase is determmed by exhaus 
tion of foodstuff and not by adverse conditions or 
toxic products This was confirmed by foUowmg the 
consumption of glucose m the case of a medium for 
which glucose exhaustion during growth was antici- 
pated and one for which glucose was m excess of 
growth requirements (Fig 3) 

In Fig 3 the faU m turbidity m the stationary 
phase IB clearly shown From this information it was 
possible to follow the storage of polysacchande 
durmg the growth of Esch coli when, on one hand, 
glucose exhaustion determmed onset of the station 
ary phase and, on the other hand, when the glucose 
was m excess of requirements Results of these 
experiments are given m Table 2 It is evident that 
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the fluctuations of polysaccharide content m the 
stationary phase are not determined by glucose of d phenylalantn& on polysaccharide 

e-diaustion content of Escherichia coh 



Fig 3 Relation between growth of Each coh and amount of 
glucose m the simple ammonium salt-gluooae medium A 
(a) Excess glucose present growth (O — O) glucose 
content of medium dunng growth (A — A) (6) Limiting 
concentration of glucose present growth (• — • ) , glucose 
content of medium dunng growth 

Cessation of cell division and polysaccharide 
storage Yflien the stationary phase is reached the 
total bacterial mass, as measured by turbidity, does 
not remam constant, but mvariably shows a steady 
decline We compared the fall in polysacchande 
content dunng the stationary phase with this fall m 
bacterial mass It is seen, however, from Table 2 
that storage of polysaccharide has not m every case 
reached its maximum when division ceases, and 
from Fig 2 it is also seen that the maximal storage 
does not exactly comcide with the beginning of the 
stationary phase Thus decrease m bacterial mass 
cannot be correlated with fall m polysacchande 
content 


Results using the method of acid hydrolysis Dawson & 
Hnppold (1943), usuig the Jebbs stram oiEsch coh, reported 
that 0 01% (w/v) DL-phenylalarune (but not the L-isomer) 
caused an morease m cell polysacchande grown in the 



Fig 4 Polysacchande content of coh grown m presence 

and absence of n phenylalanine on simple ammomum 
salt-glucose medium A, control, O — O, 0 013% (w/v) 
D phenylalamue added before mooulation, • — • , and 
0 013% (w/v) D phenylalanme added when stationary 
phase reached (7 26 hr ), A — A 

ammo acid medium B We sought to confirm this observation 
usmg both the simple and complex media and usmg the 
present method of pol3wcohande determination Of three 
flasks contoimng 1600 ml simple medium fl, 0 013 % (w/v) 
D phenylalanme wa4 added to one, and growth curves were 
determmed To another, 0 013% (w/v) D phenylalanme was 
added when the stationary phase was reached Samples 


Table 2 Effect of limiting concentration of glucose and ammonium sulphate on stationary population 

and polysacchande content of Escherichia coh 



Stationaiy 

Time after reaching 

Polysacchande content 

Glucose 

(NH.l.SO, population 

stationary phase 

(% diy bactenal wt ) 

(g/L) 

(g /I ) (10«/ml ) 

(hr) 



(a) Onset of stationary phase determmed by glucose exhaustion 

1 50 

6 0 726 

0 

97 



19 

13 4 



24 

88 

2 26 

6 0 926 

0 

12 3 



19 

12 2 



24 

10 2 


(5) Onset of stationary phase determmed by (NH^ljSO^ 

exhaustion 

5 0 

1 2 737 

0 

14 0 



19 

14 7 



24 

11 1 

6 0 

1 8 950 

0 

11 6 



19 

16 6 



24 

11 6 
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{360 ml ) of cultures rrere ■enthdraum at intervals, the polj 
sacohande content of the cells determined, and these are 
shovnnnFig 4 d Phenylalanine has no effeet on groirth rate 
or polysacchando storage m this medium The decline m 
polysacchande content prenoiislv noted is shorni in each 
case The experiment was repeated using an inoculum of 
■which about fwenty five generations of the colls had been 
grown m the medium contaming 0 013% (w/i) n phenyl 
alamne Hero agam there ivas no significant difference 
between cultures contaimng d phenylalanine and those 
without 

Usmg the ammo acid medium H, to which glucose was 
added to a concentration of 1% (w/\), polysacchando 
contents were estimated when turbidities showed in each 
case that the culture had just attained its stationary phase 
Besides addmg d phenylalanmo to two of the four flasks, 
1% (w/v) tryptophan ■was also added to two of the flasks 
smee this was present m the medium used by Dan son i, 
Happold (1943) The results obtamed again shoii no increase 
m polysaccharide content due to the presence of phenyl 
alamne, e g control, 22 2 % , 1 % (w/i ) dl tryptophan added, 
21 5%, 1% (w/v) nn-tryptophan + O 02% (w/v) D phenyl 
alamne, 20 3% and 0 02% d phenylalanine, 19 6% poly 
sacchande dry bactenal weight 
Polysacchandt content o/ rarioiia sirains of Eacbcnchia 
cob. FivedifferentstminsofHscli coliweroobtamedthrough 
the oourtesy of Dr D E Dolby of the Bacteriology Depart- 
ment of this Umversity They were grown in medium B 
contaimng 1% (w/v) glucose, and their polysacchando 
contents determmed m the usual way It was found that 
there is a qmte ■wide vanation with stram, but none is as high 
as the stram used m this work The polysaoohande contents 
■vrere as follows N CT C no 6928, 21 2% coh I, 10%, 
coh B, 6 9%, coh D, 9 6%, coh 4, 13 9% and coh 7148, 
12 7% The lowest storer was the ‘B’ stram which ivas a 
non motile organism It was decided, therefore, to see 
whether this organism (with a polysaccharide content 
similar to that of the Jebbs stram used by Daivson 
Happold) showed an mcreased storage m the presence of 
n-phenylalanme, both m the presence and absence of 
glucose 

To four flasks containmg 260 ml medium B additions were 
made as follows (1) 0 33% (w/v) glucose, (2) 0 33% (w/v) 
glucose +0-013% (w/v) D phenylalanme,(3)none,(4)0 01% 
(w/v) D phenylaknme The polysacchando content (% dry 
actenal weight) of the ‘ B ’ stram gro'wn on these four media 
was found to be (1) 8 2, (2) 8 1, (3) 3 3, (4) 3 3 Hence it was 
concluded that d phenylalamne has no eflTeot on the poly 
sacchande storage of Esch coh It is of mterest to note that 
■Kith this low stormg stram, as -with the highest one, the 

dition of glucose to the medium causes a relatively large 
mcrease m stored polysaoohande That low storage was not 
ue to non utilization of glucose was demonstrated by 
turbidity determmations dunng growth The ‘B’ stram 
to approximately the same turbidity as the high stormg 
•N C T C stram no 6928 

Effect of varums sugars on, polysacchando 
storage in the ammo acid medium 

Effect of sugar concentration Dawson & Happold 
( 943) reported that mannose had httle effect on the 
polysaccharide storage of Each coh on the ammo 
acid mednim B usmg the Jebbs stram of organism 


Wo have repented their experiments and, in ad 
dition, investigated the effect of the sugar con 
contrntion mth both marmose and several other 
sugars 

To flasks contaming 260 ml ammo acid mednim B 
(pH 7 6) mcrcasmg amounts of a sterile sugar 
solution wore added Each flask was inoculated ■with 
tuo loops of a culture, which had gro^wn on the 
nmino acid medium contaimng the sugar m question, 
at a time when it had just nttamed its stationary 
phase Growth vvas followed turbidimetncally and 
the cultures were centrifuged and washed when the 
stationary phase was reached The effect of sugar 
concentration is given m Fig 6 It ■will be seen that 



Fig 6 Relation between polyBacchande content of Esch 
coll and concentration of augar present m ammo acid 
medium B, glucose, O — Ot lactose, # — 9, mannose, 
□— 0> and galactose, ■ 

a certam minimum storage of polysaccharide is 
obtamed m the absence of sugar, but on the addition 
of it the stored polysaccharide mcreases to a 
maximum value, above winch further additions of 
sugar produce no mcrease It is also seen that, 
although some mcrease m storage was obtamed 
when mannose and fiructose (see Fig 6) were present, 
the mcrease was markedly less than m the case of 
glucose, galactose and lactose 

Effect of pH Hmshelwood & Lodge (1939), 
workmg ■with Bact lactis aerogenes, have shown that 
stationary population is determmed by the pH of 
the medium as weU as by foodstuff concentration 
At adverse pH values on the acid and alkahne sides 
of neutrahty the total gro^wth, and hence the food- 
stuff consumption, is greatly reduced Accordingly, 
we havm mvestigated the effect of pH on poly- 
saccharide storage smee this appears to depend on 
the amount of sugar metabolized For each sugar 
at a concentration of 3 3 g /I a range of media of pH 
between 6 and 8 6 was moculated as before, the 
cells contnfuged when the stationary phase had just 
been reached and their polysaccharide content 
determmed 

The dependence of polysaccharide content on pH 
for various sugars is sho^wn m Fig 6, where the 
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dependence of storage on pH is seen to be greatest in 
the case of the sugars for ■which the storage is 
highest 



Fig 6 Effect of pH on polj sacohande content of coU 

■with vanoua sugars at a concentration of 3 3 g /I m ammo 
acid medium B, glucose, O — O, galactose, • — •, 
mannose, □ — □ , and fructose, H — H 

DISCUSSION 

It is sometimes assumed that the function of storage 
of polysaccharide by the cell is to serve as a store of 
carbohydrate for use ivhen the other sugars m the 
medium are exhausted Although ive have found 
that there is a declme m storage during the stationary 
phase tins is not directly related to the exliaustion of 
the normal supply of carbohydrate m the medium 
WTiilst it IS possible that the polysaccharide may 
serve as a reserve source of energy, an alternative 
explanation for the faU m polysaccharide content 
may be found m the fact that mcreasmg numbers of 
cells are dymg m the stationary phase, and the 
decrease is reflected m autolytic activity We cannot 
conclude from our results that the process of storage 
ceases exactly at the same tune as ceU di^vision, 
■whether the latter is due to exhaustion of glucose m 
the medium or not On these grounds it is difficult to 
ascribe ■the faU m bacterial mass as reflected m the 
turbidity of the culture, which Monod (1942) first 
reported, and which we have repeatedly confirmed, 
entirely to dissimilation of stored carbohydrate 
With the present strain of Each coh, and usmg the 
method of estimation which we have developed, we 
have not observed any effect of small quantities of 
D -phenylalamne m mcreasmg polysaccharide storage 
as reported by Da^wSon & Happold ( 1 943) It would 
appear tJiat the effect ascribed by Da^wson & 
Happold to D phenylalamne was, m fact, due to the 
method of estimation used We conclude that the 
Sahyun (1931) method for glycogen determinations, 
coupled with reducmg sugar detennmations by the 
Hagedom & Jensen (1923) ■teohmque, is unsuitable 
for bacterial polysaccharide detemunations 

It IS seen that although a low level of storage is 
obtamed when the cells are provided ■with lactic 
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acid and various ammo acids a greatly mcreased 
level IS obtamed when sugars are promded, particu 
larly when pH is favourable to gro^wth and storage 
On the other hand, aU sugars are not as effectiv e as 
glucose or galactose, lower storage is obtamed ■with 
mannose (which Dawson & Happold have premously 
commented upon) and fructose 

SUarMARY 

1 The polysaccharide content of Escherichia coh, 
gro^wn under various conditions, has been deter- 
mmed by acid hydrolysis of washed cell suspensions, 
followed by determination of reducmg sugars by the 
method of Somogyi (1937) 

2 The polysaccharide content falls durmg the 
stationary phase, but the onset of this fall does not 
exactly comcide ■with the cessation of ceU diiusion 

3 In a glucose ammoni um salt medium this 
trend is obtamed whether exhaustion of mtrogen or 
exhaustion of glucose determmes the onset of the 
stationary phase 

4 For these reasons the fall is not attributed to 
the utilization of stored polysaccliande by the cells 
when the sugar m the medium is used up 

6 For lactose, galactose and glucose, gro^wn at 
pH 7 6 m an ammo acid medium which "will support 
some gro^wth m the absence of a sugar, the stored 
polysaccharide mcreases markedly ■with sugar con- 
centration to a maximum, beyond which further 
additions cause no morease With mannose and 
fructose httle morease is produced 

6 At a fixed sugar concentration, ■vanation of pH 
affected the storage of cells gro^wn m glucose and 
galactose media In these cases there are pH optima, 
which are not shown ■with the low stormg sugars, 
mannose and fructose 

7 There is a ■wide variation of stored poly- 
saccharide content for different strains of Each coh 
gro^wn under identical conditions 

8 The Sahyun (1931) method of glycogen deter- 
mmation, coupled ■with the Hagedom & Jensen 
(1923)method for reducmg sugars, is not satisfactory 
for the estimation of total bacterial polysaccharide 

9 The mcreased storage of polysaccharide, 
reported when tins method of estimation was used 
and the cells were gro^wn m the presence of d phenyl- 
alanme, is not confirmed when the method described 
m paragraph 1 is employed 

We insh to thank Prof P C Happold, at ivliose suggestion 
the research was undertaken and from whose advice ive ha^ve 
benefited at vanons stages m its progress We are mdebted 

toDrH J Rogers who drew our attention to the advantages 
of the method of estimation for bactenal polysaccharide 
which we adopted, and mdicated possible sources of error m 
the Sahyim (1931) method We have also benefited firom 
diBonssions ■with Mr E S Holdsworth, who is undertakmg 
HiTTulnr investigations ■with Cort/ntbaclenum diphthenae. 
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Breakdown of the Oxidized Forms of Coenzymes I and II 
by an Enzyme from the Central Nervous System 


H JIoILWAIN Airo R RODNIGHT 
Research Laboratories, Maudslcy Hospital, London, S E 6 


(Received 31 March 1949) 


The enzymic breakdown of cozymase m various 
cells, and especially m tissues fixim the central 
nervous system, attracted our attention ns bemg an 
unexpectedly rapid reaction (hlcDwam &. Hughes, 
1948, MoRwam & Rodrught, 1949) It appeared 
that the breakdown, if unimpeded, would rapidly 
deplete tissues of this veiy important metabolite 
Certam factors which would partly restrain the 
degradation under phj'Siological conditions were 
observed, but the problem of the normal function of 
such a potent system remamed unanswered In 
general terms this appeared likely to be one of 
participation m, or control of, reactions m which 
cozymase functioned as coenzyme, and because of the 
importance of these the degradmg enzyme has been 
studied further 

I ~e 

H(^H j 

HCOH— CH 

\ 

A B 

^ coenxymea i or n, e indicates point of fission by 
preparations, B, or an isomende mth differently 
l^ced doable bonds, dihj drocoenzymes i or n. 

It IS fairly Well established that the breakdown of 
’^zymase m nervous tissues and m certam micro- 


^^CONH, 


H. 


'r 

,CH, 


hc6h 


Q 


\ el 

HCOH— CH 


OR- 




r-OR 


orgamsms takes place at the pyndmium N (Fig 1 , 
Handler Idem, 1942, 5IcRwam & Hughes, 1948) 
In some other tissues different processes preponder 
ate A link between mcotmamide and a substituted 
nbose is at present known to exist naturally only m 
cozymase (Co i), ooenzyme n (Co rt) and nicotm 
amide mononucleotide, although other natural and 
S5mtlietic products approach these structures in 
vanous ways Tlie possible action of the enzyme on 
a number of such substances has now been exammed 

EXPEREVIENTAL 

Materials 

Cozymase The gpecimens deaonbed previously (MoUwam 
t Rodnight, 1949) were used 

Dihydrocozymase. The preparation followed Sohlenk 
(1941) Reaction with a gpecunen of Co i (120 mg , eon 
taming 68 mg C!o i) was complete m 30 mm and differentml 
ethanol precipitation yielded a first fraction of 44 mg 
dihydrocozymase IHtration with K 5 Fe(CN )5 1 2 mg 
required 0 46ml ofO 006 m solution, content, 0 94;imol /mg 
Majjometno reaction with KjFelCN), 4 3 mg gave 4 66 
pmol CO,, yield, 1 08 ymol /mg Optical density at 340 
mfi (0=0 094 mg /ml ), 0 601, content, 0 86 (imol /mg T3he 
pure material os disodium salt contains 1 41 pmol /mg 

Two other speormens, of 46 and 66% punty, were also 
exammed 

Coenzyme n was prepared from hver (m different hatches, 
sheep and horse hvers were used) foUowmg m part Altman’s 
(1948) adaptation of the procedure of Warburg, Christian & 
Gnese (1936) After precipitation as Hg and Ba salts, 
materials up to 10% pure were obtamed. We are mdebted 
to Dr B C J G Knight (Wellcome Physiological Research 
Laboratories) for a supply of horse hver immediately after 
slaughter 

Dihydrocoemzyme n. Attempted preparation ftom a 
ooenzyme speoimen of 10% punty, by the method used for 
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dihydroeozyrnase, was unsuccessful Solutions of the 
substance Tvere prepared enzymically, as described m the 
test below 

Ntcotniamtde glycosides We are greatly indebted to Prof 
A R Todd and Dr L J Haynes (University Chemical 
Laboratory, Cambridge) for specimens of these compounds 
m their dibydro forms They were synthetic materials of 
which full details will be published elsewhere Their oxidized 
forms were prepared by reaction with KaPe(CN), in a mano 
metric apparatus (see below) 

Analytical methods 

Ferricyamde and iodine titrations of diliydronieotinamide 
denvaiives With Ij, a 0 006 m solution m KI was used and 
titrations performed in ddute acetic acid oontaming starch 
With K 3 Fe(CN),, a 0 006 m solution was used, and the 
dihydro deni ative was titrated m dilute acetic acid with KI 
and starch as external mdicator 

M anomeinc reaction with femcyanide(cf Haas, 1937) The 
dihydronicotmamide denvatives were dissolved m 1 ml of 
0 02 M NaHCO, saturated with 6% (v/v) CO, m N, m the 
mam compartment of comcal Warburg vessels of approx 
16 ml The side arms of experimental and control lessols 
contamed 0 3 ml of 0 05 m K 3 Fe(CN), which was tipped mto 
the mam compartment after eqmlibration with the above 
gas mixture, reaction was usually complete m 1 hr This 
method was used also for reoxidizing dihydrocozjmiase to 
cozymase for use as substrate, the resultmg solution, 
contammg also the fern and ferro cyanides, was employed 
as it had been established that such concentrations of the 
reagents had no effect on oozymase breakdown 

Nicotinamide and acid formation during reactions with the 
coenzymes were detemuned ns desenbed previously 
(MoHwam & Rodmght, 1949) 

Speetropholometnc methods The Beckman DU quartz 
spectrophotometer was used for determmmg dihydronico 
tmarmde denvatives at concentrations of about 10"* m and 
m 3 ml of aqueous solution Horecker & Komberg’s (1948) 
value of 6 22 X 10* sq cm /mol was used for caloulatmg 
concentrations of coenzymes i and n from the observed 
optical densities at 340 mp In domonstratmg the stabihty 
of dihydrocozymase to the enzyme, reaction mixtures were 
exammed between 320 and 400 mp before and after an 
mcubation which mactivated 1 6 pmol cozymase m a 
control experiment No change m the absorption of 1 0 pmoL 
dihydrocozymase was found 

Determination of coenzyme n This followed Adler, Euler, 
Gtinther A Plass (1939) and Ochoa & Weisz Tabon’s (1948) 
use of the isooitnc dehydrogenase of mammahan heart 
Sheep heart was treated according to Straub’s (1942) pro 
cedure, and the acetone powder kept dry m a refrigerator 
Portions of 0 6 g of this were extracted weekly with 10 ml 
of phosphate buffer (pH 7 3), the extract dialysed, kept cold, 
and used as isocitnc dehydrogenase dl vsoCitnc acid was 
prepared accordmg to Fittig & Mill er (1898) and Nelson 
(1930) 

In the determmation, the foUowmg solutions were made to 
2 96 ml m spectrophotometer eeUs 0 1 m veronal buffer 
(pH 7 2) 1 0 ml , 0 01 M MhCl,, O 2 ml , the Co n oontaimng 
solution and the dehydrogenase (0 06 mb) The optical 
density at 340 mp was measured at room temperature 
(approx 20°), readmgs bemg taken until values were steady, 
and 0 05 ml M tsocitrate at pH 7 2 was then added Readmgs 
were agam taken, and from the change the volumes and the 
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known extmction coeflScient of dihydrocoenz 5 Tne n, its 
concentration was calculated The course of an expenment 
of this type is illustrated m Fig 2 



Fig 2 Use of iscicitrato system to show degradation of 
coenzyme n by a bram preparation The mitial and final 
Co n solutions (one sixth of reaction mixture) are shown by 
the graph to contam resjieotively 0 86 and 0 66 pmol of the 
ooenzyme Theresultwith oozymase was hum a vessel con 
taimng 1 pmol cozymase, similarly diluted, and filustrates 
the specificity of the tsocitnc system and the purity of the 
cozymose 

Preparations of the cozymase degrading enzyme 
Tissue suspensions were made by grmdmg with sand, or 
by homogemzmg, and were washed with sahne Aqueous 
extracts of washed tissue were made by repeated extraction 
of such suspensions with water These have been described 
by MoHwam & Rodmght (1949) Preparations SsDC were 
made by extractmg suspensions with strong salt solutions, 
dialysmg and centnfrigmg Data concemmg them are given 
m the descriptions of the experiments m which they were 
used 

RESULTS 

Dihydrocozymase 

No change lias been observed to be caused in 
djliydrocozymeise by various brain preparations, 
and its much greater stability than cozymase m 
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nervous tissue is therefore notov ortlij The annlj 
tical methods used to detect possible change vrould 
m Be\’eral cases ha\e detected n reaction mth a 
velocity less than 1 % of that obsen^odwith cozinnaso 
Table 1 shows that no reaction loadmg to liberation 
of mcotmamide was detectable, nor one leading to 
the formation (as with cozjmaaso) or absorption of 
acid Moreoi er, diln drocozjTnaso itself v ns deter 
mmed m certam reaction mixtures, before and after 
mcubation, b’s its absorption band at 340 m^i , this 
showed less than 3 % change The dihydrocozjTnnse 
was not pure, but tliree independently prepared 
specimens from tliree specimens of cozjnnnso were 
exanuned The mitial cozymase specimens wore 
degraded by bram preparations Also, m one case 
the dihjdrocozjTnase vliich had failed to react was 
reojadized by femcj'nmde and the resultmg cozj 
mase found to act as substrate The dihydrocozy 
mase specimen which failed to react did not inliibit 
the reaction with coz^^nase Lack of reaction with 
dihydrocozymase thus cannot be attributed to 
effects of associated matenals 


of whole bram tissue u Inch had been ground with 
sand and thoroughly washed with 0 9 % sodium 
chloride It v os, hov e\ er, unstable m the presence 
of homogenized whole bram or blended heart muscle, 
aorobically, when oxidation to cozymase itself could 
bo expected 

Nicotinamide glycosides 

The most interesting of these compounds was the 
naturallj' occurring nicotinaVmde nbofuranoside 
This contains the nicotinamide nbose link which m 
cozymase is split durmg the present reaction 
Nicotinamide riboside itself was, however, stable to 
the bram preparations used Any reaction with 
tliree different enzyme preparations was of less than 
1 % of the speed with coz junase (Table 1 ) As criteria 
of reaction, appearance of mcotmamide (Koemg 
reaction) and acid formation were used 

In mew of the stabihtj of the riboside, it was not 
surpnsmg that compounds less closely related to 
cozjunnse did not act as substrates The mannoside, 
galactoside and glucoside were exammed by the 


Table 1 Possible liberation of nicotinamide from its derivatives by brain preparations 

(All enzyme preparations were of ground tisanes washed with and diluted in 0 9% NaCl Rates were detenmned from 
manometno observation of the course of evolution of COj from bicarbonate containing solutions, and checked by mootm 
amide estimation at the end of the reactions The possible reaction with dihydrocozvmase was also examined, with similar 
reanlts, with two other preparations of grey and whito matter from sheep bram, one from guinea pig bram, and one from 
ox spmal conL The nboside was exammed also with preparations from white matter (sheep) and spinal cord (ox), and the 
mannoside, glucoside and galactoside with another preparation m addition to that quoted below , results were the same ) 


Potential substrate (u x 10^) 

Source of enzvme preparation 

Rate of reaction 
(pmol /mg /hr ) 

Cozymase (6) 

Whole sheep bram 

0 96 

Dihydrocozymase (6) 

Whole sheep bram 

<0 03 

Cozymase (6) 

White matter from centrum ovale of sheep bram 

0 92 

Dihydrocozymase (6) 

(preparation A) 

White matter from centrum ovale of sheep bram 

<0 008 

Dihydrocozymase (5) with femoyamde (11) 

(preparation A) 

White matter from centrum ovale of sheep bram 

084 

Cozymase (3 8) 

(preparation A) 

White matter frnm centrum ovale of sheep bram 

0 90 

Dihydrocozymase (4) 

(preparation B) 

White matter from centrum ovale of sheep bram 

<0 007 

Dihydrocozymase (4) with cozymase (3 8) 

(preparation B) 

White matter from centrum ovale of sheep bram 

0 94 

Cozymase (6) 

(preparation B) 

Whole sheep bram 

068 

Nicotinamide nbofuranoside (16) 

Whole sheep bram 

<0 007 

Niootinamide mannoside (10) 

Whole sheep bram 

<0 007 

Cozymase (6) 

Sheep brain, white matter 

1 13 

Nicotmamide glucoside ( 10 ) 

Sheep bram, white matter 

0 01 

Nicotmamide galactoside (10) 

Sheep bram, white matter 

<0 01 


Aydrocozymase added to bram preparations methods of Table 1, and any reaction found to be less 

, ^ be stable not only anaerobically, under than 1% of that with cozymase Dihydro derivatives 

' ^*^*btions most of the present reactions were of all four compounds were also exammed, with a 
ea out, but also aerobically when m the presence similar result 
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Goenzyme n 

This was found to be acted on by the enzyme only 
shghtly less rapidly than cozymase The reaction was 
first followed m bicarbonate buffered mixtures at 


Tlie rate of reaction was also followed by determi 
nation of the coenzyme tr at different times durmg 
the reaction Fig 2 shows the determmation of 
coenzyme n m on experiment m which tliis was done 
Warburg vessels contamed in their mam compart- 


Table 2 Breakdown of coemyme n by brain preparations 

(Reaction mixtures contamed the coenzymes (1 jimol ), NaHCO, (22 6 fimol ), NaCl (165 /imol ) and bram preparations 
m 25 ml , with 6% (v/v) COj m air at 37° At mtervals portions were removed, the reaction stopped with Zn salts, and 
nicotmamide detennmed as descnbed by Mollwam L Rodnight (1949) The extract SsDO contained 1 2 mg protem/ml 
and 0 6 ml was used m each expenment ) 

Rate of breakdown of coenzyme n 


Co n content of 
preparation 
(/imol /mg ) 

0 056 


Bram preparation 

Gnmea pig, muced tissue ground and washed with 
NaCl 

Ox spmal cord, as above 

Sheep bram extract SsDO 
Sheep bram extract SaDC 


(pmol /mg /hr ) 
0 34 

0 51 

(pmol /vessel/hr ) 
140 

1 62 


(% of rate of 
oozymase m same 
expenment) 

89 



Time (miD ) (f"'" ) 

Fig 3 Emetics of coenzyme breakdown by bram preparations A, nicotmamide bberated fixim coenzymes l and n, each 
1 /imoL m 2 6 ml NaCl NaHCO, N,/CO, (pH 7), by ground washed sheep spmal cord (eqmvalent to 8 3 mg dry wt ) 
at 37° B, COj evolved during breakdown of cozymoee (I 3 ^mol ) m 1 4 ml NaCl NaHCOj Nj/CO^ (pH ^ 
of a mixture of cozymase and coenzyme n (total 1 3 /imol , m ratio 3/4) by a s imila r preparation of the degradmg 
enzyme from ox spmal cord Loss of coenzyme n from the same mixture is also shown 

pH 7 by hberation of nicotmamide from a prepara ments 0 9 % NaCl and 0 01 M-NaHCO, (1 uil ) 
tion contammg about 4 % of the coenzyme, and the with a bram preparation WB (a sodium sulphate 
rate ofreaotion found to be approx 80 % of thatwath precipitate of a water extract of sheep bram 
cozjrmase Purer coenzyme specimens, and various washed with 0 9 % NaCl, with activity of 26/i mol 
preparations of the enzyme, gave values between 70 cozymase degraded/hr /mg N) The coenzyme n 
and 86 % of the rate with cozymase (Table 2, Fig 3) (1 /unol /O 2 ml, as material of 9% punty) was 
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contained m a side arm, j^ellow phosplionis in n 
centre well, and 6 % (v/v) COj m N. in the gas space 
Otlier vessels contamed cozjnnase, and others no 
substrate After equilibration at 37°, reaction was 
started by tipping Carbon dioxide evolution was 
followed and ^ essels remo\ ed at different times and 
put m ice water To the portions taken for coenz 5 Tn 0 
XT determination, ^ vol of 0 5 ii nieotmamide was 
added and specimens taken for test with the tso 
citnc system From detenmnations wluch meliided 
that of Fig 2, the rate of breakdoivn of coenzjrme n 
was found to be 76 % of that of cozjrmase 

The simultaneous degradation of the two co 
enzymes m a mixture contaming them both m 
similar concentrations is shoivn in Fig 3B The 
results mdicate that the two coenz 3 ’mes compete for 
the degradmg system 


Dihydrocoenzymc n 

Demonstration of the stabditj' of dihydro 
coenzyme n m the presence of the enzyme ivas 
earned out as follows 


To 9 86 ml of aolution oontammg 1 16 fimol Co n and the 
MnClj and veronal buffer (0 1 5i) of the taocitnc gyatem in a 
glass stoppered tube, waa added 0 16 ml of the heart tso 
oitno dehydrogenase Sodium DL-i«ocitrate (0 1 m, 0 026 ml ) 
was added, and the optical density of a portion of the solution 
followed m a closed cell at 340 m/i Another cell contauung 
aU reagents but no Co n was used as control In 16 min at 
room temperature the optical density became almost steady 
at a value corresponding to 1 06 /imol of dihydrocompound , 
afurtherO 006 ml oftheisocitrate wasadded.andthereading 
rose to correspond to 1 11 ^imol. The whole solution was then 
heated quickly to 100° for 1 nun , cooled m runnmg water and 
centrifuged The optical density of the solution compared 
with that of the control similarly treated fell by 10%, 
presumably due to the known instabihty of the dihydro' 
compound Samples of this solution were used as sonree of 
dihydrocoenzyme n in the followmg ezpenment 
Spectrophotometer cells were prepared of which three 
contamed the foregomg reaction mixture (2 mb) To one of 
a^was added 1 ml of water, to two others a preparation 
SsDO of the coiymase sphttmg enzyme from ox cord, as a 
clear solution Another cell which served as control m the 
spectrophotometer contamed the control aolution of the 
previous paragraph (2 ml ) with the enzyme Other cells 
contemed the same control solution, enzyme and cozymase 
(U 27 fimol ) Change m the latter mixtures was determmed 
by Mtuuatmg mcotmamide, change m the former by 
Bpcctrophotometnc eatimations at 340 mp. 


The resulte (Fig 4) showed that the system rapidl 
mneWtod cozymase (rate greater than 0 6 
lanol /hr ), but caused very httle change m dihydri 
coenzjmie n Tlie latter change m both control an 
expe^entel vessels was of about 0 02 mnol /hr 
My difference between these two due to an action < 
Itself on dihydrocoenzyme n was of 1« 
Ann 0 005 f^ol /lir , i e less than 1 % of the rate < 
reaction witli cozymase Tlie small change observe 
Biochem 1949, 46 


in all vessels contauung the dihydrocompound was 
presumably due to its instability m the reaction 
mixture m air at pH 7 2 , no attempt had been made 
to remove dissolved oxygen mitially present In a 
vessel contauung tlie enzyme m 3 ml with both 
ddij'drocoenzymo n (0 28 /imol ) and cozymase 
(0 18 fjxnol ), the diliydrocompound underwent no 
change other tlian that of the control, while cozymase 
was decomposed rapidly (Fig 4) The expienment 



Fig 4 Stabflity of dihydrocoenzyme n m the presence of the 
enzyme degrading cozymase Above dihydrocoenzyme n 
detemuned speotrophotometneaUy m three solutions 
(mdicated by different points) wluch contamed (1) no 
further additions, (2) and (3) the ox spmal cord preparation 
SsDC (1 6 mg dry weight) Below change m cozymase 
with the same quantity of cord preparation, with and 
without dihydrocoenzyme n. 

was not adequate to give comparison of the rates of 
reaction with cozymase m the presence and absence 
of dihydrocoenzyme u, but these could not have 
differed greatly Therefore, although not h in g m the 
reaction mixture prevented the breakdown of 
cozymase, the dihydroooenzyme n was stable 

Other m-alkyl heterocydtc compoutids 

Nieotmamide methosulphate and tngonellme 
(each 3 X lO-® and 3 x lO-*!!) did not lead to detect- 
able mcotmamide, mcotmic acid or free acid when 
meubated with sheep or gumea pig bram prepara- 
tions, reactions, 0 6% of the speed of that with 
cozymase, could have been detected No acid was 
formed when the enzyme was meubated with benz- 
imidazole methiodide or phenazme methosulphate at 
the same concentrations 


22 
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DISCUSSION 

The major finding of the present experiments is that 
of the differential aetion of the cozymase degradmg 
enzyme on the oxidized, m distmction to tlie 
reduced, forms of the coenzymes This is under' 
standable when the structural differences between 
the two forms at the pomt of action of the enzyme 
are considered (Fig 1) The enzyme acts on a bond 
at an lomzed quaternary mtrogen atom In dfiiydro 
cozymase this is replaced by a tertiary mtrogen atom 
presumably with an excess instead of a deficit of 
electrons As the breakdown of cozymase is httle if 
at aU affected by the presence of either of the dihydro- 
compounds, these appear to have httle affimty for 
the enzyme The minimum structure compatible 
with activity of the enzyme has not been defined by 
the present experiments, hut would appear to be at 
least a mcotmarmde nucleotide (as distmct firom 
nucleoside) The action of the enzyme at varymg 
stages of purification on coenzyme rt, as well as on 
cozymase, renders mappropnate the terms ‘di- 
phosphopyndme nucleotidase’ and ‘diphospho- 
pjmdme nucleosidase’ which have been applied 
to it These names, also, do not discrunmate between 
the present enzyme and the cozjmase pjTOphos 
phatase of Komberg (1948) Substrate competition 
m our experiments also mdicates that the degradmg 
enzyme fi:om the central nervous system acts on 
both coenzymes 

The coenzyme molecules contain some fifty bonds 
of which eight or rune are of types which are readily 
spht by various enzymes, for example, the bonds 
between nbose and phosphoric acid or between the 
carbon and mtrogen of the anude It is therefore 
noteworthy that the present enzyme attacks the 
pomt at which the coenzymes differ most ffom their 
dihydro derivatives 

The effects of this differential attack seem hkely 
to be far reachmg (McHwam, 1949a, b) They can 
immediately be expected to mclude changes m redox 
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potential and m systems sensitive to such changes, 
and modifications of equihbna mvolvmg coenzyme 
catalysed dehydrogenases Inhibition of cozymase 
breakdown by low concentrations of substances 
(moludmg phenosafiurune) which disturb the Pasteur 
effect (McHwam, 19496) suggests that the system 
degradmg cozymase does mdeed play a central part 
m carbohydrate metabohsm m normal tissues, 
possibly participatmg m the phosphorylation associ- 
ated with tissue oxidations (of Judah & Wfihams- 
Ashraan, 1949) It is noteworthy that m bram the 
speed of cozymase degradation was found (McHwam 
& Rodnight, 1949) to be 2 2-3 3 tunes that of the 
oxygen uptake, both changes being expressed m 
molar quantities The ratio appears to be similar m 
muscle and the enzyme exists m many animal 
tissues (Spauldmg & Graham, 1947) although at 
a lower level 

SUMMARY 

1 Preparations from the mammahan central 
nervous system, which rapidly maotivated cozymase, 
maotivated also coenzyme n at 70-86 % of the rate 
of their reaction with cozymase 

2 Inactivation of coenzyme n, like that of 
cozymase, was accompamed by hberation of 
mcotmamide 

3 Competition took place between the two 
coenzymes for the degradmg system, and presum- 
ably, therefore, a common enzyme was responsible 
for the two reactions 

4 Nicotmamide nbofuranoside, mcotmarmde 
glycosides less closely related to cozymase, and 
several other mootmamide derivatives were not 
affected by the enzyme 

6 Diliydrocoenzymes i and n were not affected 
by the enzjrme, and did not affect the breakdown by 
it of coenzymes i and n 

We are greatly indebted to Mr J C Cheshire for assistance 
dnniig these investigations 
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Apparent Vitamm C m the Walnut (Juglans reg.a) 

Bv F WOIffiS 

Tt, 0«,U,.> B^eard, UBor^ion^. K«’. 

{Beceived 1 Apnl 1949) 


Aprevious commimication (Wokes & Me 1948^ 
dlnb«i .tud.» c«r.ed out 

the seasonal distribution of vitamin O m omeren 
tissues of the fruit and other 
The results showed that the 

C as such from the epicarp, 1 “ 

photosynthetic centres, where the ^ 

bablv Lithesized, to the endocarp, where it occura 
m sucS^emarkably high coneentration 

EiJ‘SLr^»“roSVo.. ..ueu 

laTobeeumSigsted “u 

apparent vitamm C was necessarily ^ 

tSe samples, smce the results for t^e 
determmed generaUy by subtracting the 1^ for 
apparent viLnm C from that for total vita^ C 
However, the data for apparent vitamm 
omitted from our previous paper m order ^ demon 
strate the type of picture which is 
presence and possible functions of the 
^tamm C are ignored The present PfP®”“PP‘f ® 
the missing data, enlargmg and olarifymg the 

Q^elezhiu (1937), who discovered the lugh con- 
centration of vitamm C m unnpe walnut frmte, did 
not seem to realize that his raw materials could con- 
tarn considerable amounts of dye reductante which 
were not ascorbic acid, but this may have been due 
to his use of sulphur dioxide m the extraotmg tlm 
which, as will be shown later, can prevent toe 
apparent vitamm C from reactmg with the dye 
findings were confirmed by Pyke, Melville & Sarson 
(1942) and by Banganathan (1942), but neither 
paper reported the presence of an appreciable 
amount of apparent vitamm C m the unnpe walnuts 
exammed, perhaps because these were too mature 
Ranganathan (1942) stated that teste for mterfenng 
substances showed these to form 4-6 % of the total 
vitamm C Taylor (1943) reported the presence of 
about 13 % of mterfenng substances m the total 
vitamm C m some unnpe walnuts which he had 
exammed Melville, Wokes & Organ (1943) foimd 
the total vitamm C m six unnpe fnute of Juglans 
regia and fifteen of aUied species, to contam 12-73 % 
of mterfenng substances, for which they suggested 
the provisional term ‘apparent vitamm C’ They 
used a modification of Lugg’s (1942) formaldehyde 


by formal jbyd, a. pH*=. ™ 

titrated with the dye at a pH bdow 

Mapson (1943) found that some 14 ^ot to 
dye titration for walnuts preserved m ^ 

aL « n» ^ 

the term ‘reductones titrated at 

(1942) method, the ^^^u^ „ ^„^t 1 2 (except 
pH 0 6 and total P^^^Stes or t Jol 

^hen the presence that the 

compoundswas^oted)^^^^^ coiLted of re 
apparent vitamm of the findmg 

resembled reductone or w v the apparent 

physical properties ^everthel^^the^^ PP^ 
vitamm C m wa.lnute ^ 2 and mcreases 

dye titration value IS very 1 ^^.j^ered (Wokes, 

markedly as the titratio p the dye titration 

value of which decre iqoa Wnkes, 1946 o) 

lowered (Martius & von er, ’ obably explams 

The use of too high a P P . ^ of Klose, 

Peat & Fevold (1948) to to ^^ould be 

vitamm C m unnpe wa > jj^pf^pa^ted their 
added that the m the extractmg 

results by using sMpbur Hunter & 

fluid On the other h^d, (1943) 

Osborne (1947) ^PP^®f ,io acid m the presence of 
method of estimating —ep substances they 

reductones and other f to be non 

found 24-38% of the total mtamm 

specific dye reductante 


methods 

C«„, -d «» ;' 

prenouBly (Wokes & MelviUe, 1948) 

Esttmatton of apparent mtamin C 

Wokes, Organ tJawbyd^)^^^ sufficient 25% (w/v) 

after the H brought down to 0 5-0 7 

HPOj to ensure that the pH was -s ^ ^ 
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before titrating (This is the pH of the reaction mixture when 
determining total mtamm C ) The pH of the titration mixture 
was detemuned and the result corrected to pH 0 7 hy means 
of the curve previously pubhshed (Wokes, 1946a) When 
calculating fiem the dye readmgs the concentration of 
apparent vitamm C, its dye factor was assumed to be the 
same as that of ascorbic acid This procedure, the most 
convement when estimating true vitamm G by difference, 
leaves the results for apparent vitamin C open to correction 
when its chemical nature is estahhshed It does not, how 
ever, affect their relative values When sufficient material 
was available, estimations of total and apparent vitamin C 
were occasionally made by the potentiometno method 
(Wokes, Organ Su Jacoby, 1043) This always gave results in 
good agreement with the visual results, and also provided 
information on the effect of the titration time on the dye 
titration value (see p 360) The fact, repeatedly confirmed, 
that the dye titration value mcreased as the pH was 
reduced below 1 6 gave strong reason for beheving that the 
apparent vitamm C was not reductone 
(6) By fisinp ascorbic acid oxidase This enzyme, derived 
fimm cucumber juice, was found to destroy the whole of the 
ascorbic acid m walnut extracts without exertmg any 
appreciable effect on the apparent vitamm C To ensure that 
the destruction of the ascorbic acid was complete, the 
mixture was meubated with the enzyme at pH 5 and at 
38-40° until dye readmgs on samples became constant 
Eecoveiy experiments earned out with different levels of 
added ascorbic acid gave similar results The data obtamed 
m a typical experiment are plotted in Fig 1 From the 



Fig 1 Use of ascorbic acid oxidase to differentiate apparent 
from true vitamm C m walnut leaves Eesults obtamed 
on extract of leaves, x — x , results obtamed on extract 
plus added ascorbic aad, O O 

general shape of the curves, it was clear that the enzyme 
had ceased to act on any dye reduotant after about 20 mm , 
either m the recovery or m the teat experiment The amount 
of apparent vitamin C then left m the two reaction mixtures 
was practically the same, mdicatmg 349 and 344 mg /lOO g 
respectively m the ongmal leaves, as compared with about 
320 mg /lOO g by the formaldebyde method Hence it was 
assumed that the enzyme bad exerted no appreciable effect 
on the apparent vitamm C Since ascorbic acid oxidase acts 
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slowly on reductone, further evidence was thus provided that 
the apparent vitamm C was not reductone The method was 
not appbed to many of the samples because it was tedious and 
required large amounts of matenal 

(c) By differential iilratton Smee the dye titration value 
of the apparent vitamm C in walnuts falls to zero as the 
titration pH is raised above 2, it is possible to titrate the true 
vitamm C as such at a pH of about 3, then to add excess of 
HPOj to bring down the pH to 0 6 or 0 7 and contmue the 
titration to determme the apparent vitamm C In practice 
this method was found less convement and accurate than the 
formaldehyde method, and was apphed only on a few oo 
casions, when it gav e fair agreement with other methods 



Fig 2 Absorption curveoftbeyellowcolourobtamed when 
titratmg walnut extracts with mdophenol dye 



Fig 3 Correlation of concentration of apparent vitamm 0 
m walnut tissues with mcrease in yellow colour (measured 
speotrophotometncally at 420 mp ) when extracts of the 
tissues were titrated with mdophenol dye Eesults on 
fnut tissues indicated thus O . results on stem and leaf 
mdicated thus x Eegression hue oaloulated from the 
equation y=0 9618 + 0*002047 (x — 333) 

(d) By increase tnydloiB colour Dunng titration of walnut 
extracts contaimng apparent vitamm C a yellow colour 
develops Spectroscopio exammation of this yellow colour 
revealed a broad absoiption band m the visible spectrum 
with a maximum at about 420 mp , and a narrow band of 
four or five times the mtensity with a maximum at about 
250 mp (see Fig 2) Usmg the Hilger Nutting speotrophoto 
meter, we detemuned the mcrease m yellow colour at 
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420 n^i., caused by the dye titration, employing the cross 
over technique (Wokes & Still, 1942) The results, expressed 
as mcrease m E\^, plotted against the concentration of 
apparent vitanun C (m mg /lOO g ), detennmed by the 
formaldehyde method, are shown m Fig 3, together with 
the regression hne The correlation coefficient for these data, 
r=0 83, was highly significant (f = 14 14, P<0 01) and is 
strong evidence that apparent vitamm C usuatlj consists 
of a smgle compound which is converted mto a yellow 
pigment on oxidation Nevertheless, occasional aberrant 
results preclude the use of this yellow colour for a routme 
estimation. 

Loss of apparent mtamin C during dissection In a number 
of experiments, the weights of apparent vitamm C m the 
dissected parts of leaflets and nuts were compared with the 
average yield from whole leaflets and nuts from the same 
spray Losses due to dissection were found to be no greater 
than for true vitaiiun C m the same material (cL Wokes &. 
MelviHe, 1948) For example, m samples of leaves collected 
on 10 different days between May and September the 
weighted mean concentration of apparent vitamm C m 
dissected leaflets ranged from 85 to 130 and averaged 107 % 
of the concentration found m whole leaflets ground without 
dissection, but m samples collected on 3 different days m 
October the corresponding percentages were 82, 71 and 44 
Nuts were more variable, owing to a greater sampling error 
Forexample,twodiaaeotednntsgavel77and287 mg /lOOg, 
averaging 222 mg /lOO g , which was m reasonable agree 
ment with the mean of 214±23 mg /lOO g obtamed for ten 
whole nuts from the same sample, but the results on the 
mdividual nuts ranged fiom 131 to 382 mg /lOO g It is 


probable that oxidizmg enzymes capable of destroying 
apparent vitamm C are present m walnut tissues, smoe, on 
grmdmg with water and quartz sand, a yellow colour 
developed s imil ar to that formed during titration At the 
same tune there was a rapid drop m the dye titration value 
On the other hand, the apparent vitamm C m HPO, extracts 
of these tissues was fauly stable during storage m brown 
bottles under Nj m the refngerator, losses as low as 1-2%/ 
month bemg fiequently found after more than a year’s 
storage, although considerably greater losses could occur if 
there was much exposure to air 

RESULTS 

Whole fruits (nuts) 

A seasonal trend in the concentration of apparent 
vitpmin C m entire fruits is fully established, 
although the results are more VMiable than those 
previously reported for true vitamm C Data on 
nearly 100 frmts from samples collected June- 
August 1944, May-August 1945 and June 1946, are 
summarized m Table 1 The lughest concentration of 
apparent vitamm C was found m the youngest frmts 
weighmg not more than 1 g , and was usually be- 
tween 800 and 1000 mg /lOO g As the frmts grew, 
the concentration fell untd at maturity it was only 
0 2-0 1 of the mitial value The concentration of 
apparent vitamm C was therefore already at its 
height when the earhest samples were taken, whereas 


Sample 

no 


1 

2 

3 

4 
6 
6 

7 

8 
9 

10 

II 

26 

20 

27 

28 

29 

30 

31 

32 

33 
46 


21-2 

213 


Table 1 Seasonal changes en concentration of apparent vitamin C in walnut fruits 


Average 


Date 

wt of 
frmta 

gathered 

(g) 

7 June 1944 

1 

13 

1 

21 

3 

26 

36 

4 July 1944 

10 

12 

20 3 

18 

17 6 

26 

22 6 

1 Aug 1944 

24 9 

9 

321 

22 

217 

17 May 1946 

03 

30 

06 

6 June 1946 

1 76 

12 

28 

19 

41 

26 

14 0 

10 July 1945 

26 2 

23 

29 7 

8 Aug 1946 

32 0 

18 June 1946 

03 

29 June 1944 

10 6 

26 June 1945 

18 6 


Apparent vitamm C 


(mg /lOO g ) 

A 



, 

Individual frmts 

Mean 

From mam tree 

Pooled 

800 

Pooled 

847 

760, 716, 668 

711 

640, 620, 440, 430 

483 

406, 326, 316 

346 

220, 276, 226, 320 

260 

186, 216, 120, 210 

180 

236, 196, 160, 248 

210 

166, 160, 120, 116 

136 

136, 148 

141 

190, 140 

166 

Pooled 

789 

716, 476, 639 

677 

668, 601 

636 

401, 323, 380 

368 

429, 308, 384 

348 

243, 206, 234 

227 

197, 168, 139 

168 

168, 174, 172 

168 

87, 100, 103 

97 

Pooled 

625 

From other trees 

466, 406, 390 

417 

223, 140, 2001 

214, 194, 167 J 

190 


woody portion 


Apparent vitamm C 


og /fimit. 

(As % of 
total 

mean) 

vitaonm C) 

8 

62 

9 

47 

21 

28 

17 

19 

36 

11 

61 

14 

32 

11 

48 

13 

36* 

11 

46* 

14 

38 

12 

24 

46 

3 

36 

9 

23 

10 

16 

14 

17 

32 

14 

42 

16 

60 

14 

31 

9 

1 5 

43 

44 

17 

35 

10 
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the peak value was not reached for true vitamin C 
until about a fortmght later and then fell gradually 
as hgnification of the endocarp proceeded The 
occurrence of peak values for these substances at 
different tunes at first suggested that apparent 
vitamm C might be a precursor of ascorbic acid m 
the plant This idea had to be abandoned later when 
evidence was foimd that apparent vitamm C is 
related to juglone The total amount of apparent 
vitamm C m a single fruit increases durmg growth 
from about 2 mg to 60 mg , whereas true mtamm C 
mcreases much more rapidly from about 3 mg to 
over 300 mg per fruit Thus, there is finally only 
about one sixth as much apparent as true vitamm C 
The change m proportion does not suggest any close 
physiological Imk between these substances m the 
plant, and no correlation was found between the ob- 
servations (1944) of the tine and apparent vitamm C 
in entire frmts There was, however, a high corre 
lation (r=0 99) between apparent vitamm C and 
true vitamm C a fortmght later (t = 28 37, P < 0 01) 
This result may be due to parallel trends m un- 
related processes rather than to a causal relation 

Separate tissues of the fruits 

Fruits were dissected as previously desenbed and the 
separated epicarp, mesocarp, endocarp and kernel were 
assayed for both true and apparent vitamm C, the same 
frmts providmg data for the whole frmt and separate 
tissues 
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Imtial high concentrations {weU over 1 g /lOO g ) 
of apparent vitamm C were found m the epicarp 
and mesocarp (Table 2) These values dechned as 
growth proceeded, but there was a final small rise 
m the full grown fruits Tlie concentrations m the 
endocarp were much lower, but m general showed 
similar trends A defimte concentration gradient was 
generally demonstrable from the epicarp and meso 
carp towards the endocarp, and there was always 
a clear gradient mto the testa and its contamed 
endosperm or embryo Often no positive gradient 
could be shown from the entire frmt stalk mto the 
endocarp, but, m contrast with true vitamm C, 
a gradient tlirough the phloem could usually be 
established as the concentration of apparent vita- 
mm C was higher than m the other tissues The 
final rise m concentration m the endocarp was 
greater if the non-hgnified portion alone was con 
sidered This could be explamed by a differential 
partition of the apparent vitamm C at a stage when 
there was httle difference m concentration between 
epicarp, mesocarp and endocarp Correlations be 
tween true and apparent vitamm C m the frmt 
tissues were mvestigated, but the only significant 
correlation foimd was negative, between true and 
apparent m the epicarp (r= —0 93,<=6 02,P<0 01) 
At first this was mterpreted as evidence that apparent 
vitamm C was a precursor of ascorbic aoid, but later 
work, mdicatmg a relationship to juglone, appears 
to rule out that view The same difficulty anses with 


Table 2 Seasonal distribution of apparent vitamin C in different tissues of walnut fruits 


Sample 

no 

(Dates of collection of samples are given m Tables 4 and 7 ) 

Apparent vitamm C (mg /lOO g ) 

TTSrm it. A 


stalk 

Epicarp 

Mesocarp 

Endocarp 

Testa 

Endosperm 

1 

229 

1616 



92 

— 

— 

2 

— 

1497 

— 

203 

— 

— 

3 

— 

712 

924 

102 

— 

— 

4 

120 

696 

1368 

186 

— 

— 

5 

146 

406 

610 

66 

20 

— 

6 

— 

196 

266 

160 

6 

1 

7 



125 

276 

126 

6 

1 

8 



160 

240 

110 

6 

1 

9 

200 

120 

200 

100* 

9 

1 

10 

120 

130 

146 

160* 

27 

1 

11 

126 

240 

320 

210* 

12 

I 

26 

106 

1029 

623 

112 

— 

— 

27 

96 

716 

1094 

117 

— 

— 

28 

106 

383 

802 

111 

— 

— 

29 

81 

428 

919 

134 

— 

— 

30 

63 

146 

411 

82 

— 

— 

31 

134 

102 

236 

139 

V 

j 

32 

108 

186 

122 

129 


V 

3t 

33 

88 

69 

112 

204 


— 

34 

30 

167 

229 

— 


— 

211 

— 

460 

780 

78 


— 

2k2 

— 

266 

716 

30 


lot 

213 

— 

216 

361 

06 


8t 


* Excluding woody iiortion of endocarp 
t Result on whole kernel 
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the correlation (r=0 87) found between apparent 
vitamin C m the epicarp and true m the endocarp 
a fortnight later (« = 4 86, P < 0 01) 

Leaves 

Data on leaves are given m Table 3 Results on 
twenty one samples show that the concentration of 
apparent vitamm 0 was always lughest m the meso- 
phyU, where there was no definite seasonal change, 
whereas the concentration of true vitamm C fell 
gradually with age While the fruits were growing, 
there was a clear concentration gradient of apparent 
vitamm C-from mesophyll through the leaf vascular 
tissue and raohis as far as the leaf base Hence 
a gradient mto the mam stem was more difficult to 
establish, especially from, older leaves, despite 
attempts to allow for the proportion of phloem m the 
tissue exammed 


apparent vitamm C m the vegetative buds usually 
mcreased m the early summer, shortly before they 
opened, but fell agam rapidly as the tmy leaves grew 
When the male catkm buds were just distmguish- 
able m late summer, the concentration of 2-3 g / 
100 g was higher than m any other plant tissue, but 
fell slowly durmg the autumn Simultaneously, 
their average weight mcreased fi:om about 60 to 
80 mg , so that the amount of apparent vitamm C 
m a catkm bud remamed at about 1 mg In the 
sprmg, the male catkins grew rapidly tdl they 
weighed more than 1 g each The concentration of 
apparent vitamm C fell steadily to less than 600 mg / 
100 g The amount m an a\ erage catkm fell shghtly 
at the beg inning of the sprmg growth, but then 
mcreased to 3 or 4 mg As the catkins now contamed 
a good deal of ficesh green tissue, it is possible that 
some of this apparent vitamm C was formed by 


Table 3 Apparent vtiamtn O tn walnut leaves 


(Dates of collection of samples are given m Tables 4 and 7 ) 


Apparent vitamm C (mg /lOO g ) 

A ■ _ 


Sample 

Whole 


Vascular 



Mam stem. 

no 

leaflets 

Mesophyll 

tissue 

Rochis 

Petiole 

cortex and phloem 

9 

260 

— 


— 

120 

— 

11 



340 

160 

— 

120 



26 

243 

299 

233 

260 

119 

91 

26 

242 

231 

160 

141 

94 

132 

27 

216 

206 

182 

116 

87 

173 

28 

243 

277 

171 

96 

96 

161 

29 

271 

411 

182 

109 

106 

269 

30 

144 

169 

95 

91 

48 

304 

31 

204 

349 

116 

83 

81 

246 

32 

192 

226 

94 

94 

72 

469 

33 

224 

326 

118 

108 

87 

630 

34 

427 

410 

310 

168 

61 

646 

36 

243 





37 

36 

97 

30 

360 

298 

291 

62 

76 

179 

37 

234 

68 

110 

116 

68 

166 

38 

202 

236 

117 

64 

36 

600 

43 

308 








412 

44 

270 

642 

363 

236 



232 

46 

196 

203 

199 

102 

136 

123 

46 

192 

211 

170 

111 

131 

109 


Buds, catkins and main stem 
Data obtamed firom August 1944 to October 194( 
are given m Table 4 The concentration of appareni 
^tamm C m the buds often exceeded 1 g /lOO g 
but vaned widely firom tune to time This was no! 
entuely due to the sampling error, smce the resultf 
on ve^tative buds were usually sunilar to those oi 
reproductive buds m the same sample In the earlj 
^unmer, when the reproductive buds began t< 
develop mto female catkins, there was a consider- 
able mcrense m their size so that, although the tota 
amount of apparent vitamm C m an average bud 
had mcreased, its concentration remamed steady oi 
even fell On the other hand, the concentration ol 


photosynthetic activity m the catkins, and was not 
translocated firem other parts of the tree Smce the 
concentration m the adjacent stem, cortex and 
phloem at this time was 300—600 mg /lOO g , and 
about 6 % of this consisted of sieve tissue, a com 
paratively small differential concentration m the 
phloem would have ensured a positive translocation 
gradient mto the catkms At other tunes of the year, 
the observed concentrations were less favourable 
to direct translocation mto any type of bud, though 
it 18 not impossible that a- positive gradient always 
existed m the phloem servmg these buds The data 
on the cortex and phloem from different parts of the 
stem showed that from October to April the con- 
centration gradient of apparent vitamm C was con- 
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Table 4 Seasonal distribution of apparent mtannn C in buds, catkins and stem 
(o \ o = Current year’s growth p y o = Previous year’s growth ) 


Apparent vitamin C (mg /lOO g ) 








Buds 

s 





Stem (cortex and phloem) 


A ^ 


Apparent 

Sample 

Date 

t 


^ 

Vege 

Eepro 

Male 

vitanunC 

no 

gathered 

0 Y G 

PIG 

Older 

tative 

duotive 

catkins 

(mg /catkm) 

12 

29 Aug 1944 

216 

— 

— 

— 

996 

2630 

1 3 

13 

4 Sept 1944 

— 

— 

— 

988 

1040 

2430 

13 

14 

11 

— 

— 

— 

970 

813 

— 

— 

16 

10 Oct 1944 

167 

— 

— 

728 

786 

1485 

1 1 

16 

14 Nov 1944 

796 

— 

— 

1200 

1040 

2690 

16 

17 

20 

680 

— 

— 

1220 

— 

2310 

16 

18 

27 

336 

— 

— 

1080 

1180 

2130 

1 3 

19 

8 Jan 1946 

340 

— 

418, 309 

711 

— 

1630 

08 

20 

21 

297 

196 

119, 160 

472 

604 

1467 

09 

21 

28 Feb 1946 

310 

204 

174, 01 

436 

273 

1146 

09 

22 

13 Mar 1946 

444 

202 

201 

627 

676 

762 

09 

23 

4 Apr 1946 

306 

— 

— 

371 

668 

481 

34 

24 

13 

— 

— 

— 

— 

— 

488 

43 

26 

17 May 1946 

91 

369 

— 

1022 

776* 

— 

— 

26 

30 

132 

143 

— 

1100 

677* 

— 

— 

27 

6 June 1946 

173 

409 

623, 602 

1132 

— 

— 

— 

28 

12 

161 

360 

— 

936 

616 

— 

— 

29 

19 

269 

287 

434 

1033 

— 

— 

— 

30 

26 

304 

424 

— 

1033 

— 

— 

— 

31 

10 July 1946 

246 

309 

— 

930 

— 

— 

— 

32 

23 

469 

481 

— 

961 

— 

— 

— 

33 

8 Aug 1946 

638 

670 

— 

1061 

— 

2692 

— 

34 

11 Sept 1946 

640 

446 

346, 382 

1214 

— 

— 

35 

2 Cot 1946 

97 

187 

130, 87, 60, 23 

904 

1046 

1919 

— 

36 

9 

179 

180 

183 

292 

— 

1041 

07 

37 

16 

160 

149 

— 

454 

— 

1303 

09 

38 

22 

600 

160 

— 

095 

— 

1878 

1 4 

39 

31 

323 

176 

— 

616 

— 

1674 

1 2 

40 

13 Nov 1946 

209 

201 

— 

817 

— 

1617 

1 1 

41 

16 Jan 1946 

291 

212 

— 

709 

— 

1635 

0 9 

B 

21 Mar 1940 

262 

— 

— 

— 

— 

— ' 


42 

2 Apr 1946 

189 

119 

— 

499 

600 

699 

1 4 

43 

16 

412 

223 

— 

412 

— 

354 

2 9 

44 

29 

235 

269 

— 

681 



198 

— 

46 

18 June 1946 

123 

388 

— 

— 

— 



46 

1 July 1946 

169 

303 

— 

1043 

— 



47 

48 

23 Sept 1946 

24 Cot 1946 

100 

179 

248 

365 

— 

1200 

09 


* Exoludmg wo(5dy portion 


Bistently from new to older tissue and could be traced 
some considerable distance down the stem From 
May to September the observed concentration 
gradient was consistently m the reverse direction, 
from older to newer tissue In March 1946 we 
estimated the apparent vitamm C m all parte of a 
young walnut saphng Our results (see Table 6) 
showed a concentration gradient from the cortex 
plus phloem of the previous year’s growth down mto 
the fine roots, where, however, there was still about 
300 mg /lOO g , several tunes the concentration of 
true vitamm C The concentration m the cortex 
plus phloem of the current year’s growth was lower 
than m the previous year’s growth, but this may 
have been due to a higher proportion of cortex m the 
former The value for the previous year’s growth was 


Table 6 Apparent mtamin O in walnut sapling 


Buds 

Stem (cortex plus phloem) 
Current year’s growth. 
Previous year’s growth 
Roots 
Fme roots 


Apparent vitamm 0 


:/100f 


(As % of total) 


298 64 

416 69 

327 71 

302 76 


checked by a control experiment with added ascorbic 
acid on a second sample The result (386 mg /lOO g ) 
was m fair agreement with the previous result of 
416 mg /lOO g and showed that the whole of the 
true vitamm C was bemg destroyed by the formal 
dehyde under the experimental conditions 
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Storage expenmcnio 

From the evidence of concentration gradients 
apparent vitamm C seemed much more likely than 
true vitamm C to be translocated from leaf to fnnt 
durmg the growth of the latter This led to the 
hypothesis that the apparent vitamm C, after its 
arrival m the endocarp, may yield true vitamm C 


vitamm C m the frmts dissected was about 20% 
lower than that m whole frmts In 1946, a further 
storage experiment was made, extendmg over a 
period of 2 months (Table 7) The results, corrected 
for changes m weight durmg storage, showed no 
significant changes m the concentrations of either 
true or apparent vitamm C durmg the period, thus 
corroboratmg the experiment of 1944 


Table 6 Changes in average concentration of true and of apparent vitamin C 
in walnut fruits during storage 


(Storage for 16 days at 4-6° m July 1944, all results given as mg /lOO g ) 


Whole fruit Epioarp Meaocarp Endocarp Kernel 




^ 

1 

> 

f 

^ ^ 

Apparent True 

> 

t 

_A 


True 

Apparent 

True 

Apparent 

True 

Apparent 

True 

Apparent 

After storage 

2337 

379 

1026 

233 

983 

704 3046 

68 

36 

2 

Before storage 

2035 

417 

1196 

265 

1086 

716 3140 

30 

140 

10 

Increase or decrease dnnng 
storage 

±302 

-38 

-170 

-32 

-122 

-11 -94 

+ 28 

-106 

-8 

8 D of mean (after storage) 

171 

37 

17 

29 

31 

61 4 

10 

— 

— 

8 D of mean (before storage) 

11 

20 

— 

— 

— 

— _ 

— 

— 

— 


for which it has served either as a precursor or as 
a earner In order to test this hypothesis, we earned 
out m 1944 a storage experiment with some im- 
mature walnuts which, after sampling for assay, 
were stored m the refrigerator at 47-5° m a box with 
access to air The results (Table 6) showed, after 
16 days’ storage, an mcrease of 302 mg /lOO g m 
the concentration of true vitamm C and a decrease 
of 36 mg /lOO g m the concentration of apparent 
vitamm C (Allowance is made m these figures for 
the gradual loss m weight of the fimite durmg 


Table 7 Average concentrations of true and of 
apparent vitamin O in whole walnut fruits at 
intervals during storage 


(Storage 4—5° in 1946, all results given as mean ±s u ) 


Date 

Period of 

No of 

storage 

finite 

examined 

(days) 

examined 

29 June 

0 

6 

6 July 

6 

4 

13 

14 

4 

19 

20 

4 


39 

4 

27 

69 

4 


Vitamm C (mg /lOO g ) 

, « , 

True Apparent 


1849 ± 57 193 ±16 

1910±138 243 ±61 

1383±169 196±28 

1869 ± 37 238 ±16 

1798± 90 198±33 

1815± 38 180±30 


storage ) Unfortunately, owmg to the large sampling 
error, these differences did not reach significance 
oreover, the loss of apparent vitamm C was very 
much smaller than the gam of true vitamm C 
esults on dissected tissues were also mconclusive, 
the data mdicatmg a greater loss of true than of 
apparent vita min C throughout Ascorbic acid 
oxidase liberated durmg dissection may have caused 
t ns loss as the tissues had shrunk and become more 
nttle durmg storage Tins view was supported by 
the observation that the mean concentration of true 


Extraction expenmenis 

Apparent vitamin C was found to be readily 
soluble m ethanol and aqueous solvents, but much 
less soluble m solvents immiscible with water, such 
813 benzene, hght petroleum, methyl or ethyl ether, 
chloroform, tsobutanol, carbon tetrachloride, ethyl 
acetate and carbon disulphide Thus, purification by 
phase separation seemed unpromising Whilst it 
could be extracted from fresh walnut tissues by 
grmdmg with ethanol emd quartz sand, this often 
led to heavy losses which could be avoided by eiddmg 
a small amount of hydrochloric acid to the solvent 
(2-6% of concentrated acid by volume) The ex 
tracts contamed much chlorophyll, which rendered 
visual dye titrations difficult The chlorophyll could 
be removed by shaking with hght petroleum, 
leavmg a pmkisli yellow solution of apparent vitamm 
C m the acid ethanol The acid could be removed by 
evaporation in vacuo, yielding very unstable 
residues with mitial concentrations of apparent 
vitamm C as high as 7 % 

Rate of reaction with indophenol dye 

One of the moat characteristic properties of 
apparent vitannn C is its slower rate of reaction with 
the dye, compared with the almost instantaneous 
reaction of the latter with ascorbic acid The slower 
rate can be detected m visual titrations, but is 
particularly well marked m potentiometnc estuna 
tions Wokes, Organ & Jacoby (1943), usmgamodifi 
cation of the potentiometnc method of Hams, 
Mapson & Wang (1942), showed that the amount of 
apparent ntanun C found m a stored sample of 
dehydrated carrot could vary from 20 to 90 mg / 
100 g as the tune taken to earry out a titration was 
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increased from about 2 to 30 min This observation 
justifies the importance we have attaclied to the 
control of the titration time Attempts have been 
made to estimate true vitamm C m the presence of 
these mterfermg substances by adding a known 
excess of dye and measunng photoelectncally at 
short mtervals (e g 16, 30, 60 see after the dye 
addition) the amount of unreduced dye The read 
mgs are plotted against tune and extrapolated back 
to zero time to estimate the true vitamm C The 
mterfermg substance could then, if desired, be 
estimated by difference, assummg that the reaction 
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spectively about half and a fiftieth of that for ascorbic 
acid, and utihzed these m a method of estimatmg 
ascorbic acid m the presence of reductones which 
gave good agreement with the formaldehyde 
method Their method would not, however, dis 
tmguish between ascorbic acid and woMCorbic acid 
or hydroxytetromc acid, because the velocity con- 
stants of these acids with the dye at pH 1 4 and at 
3 5 were too close to one another Such differentia- 
tion could be effected by the infrared absorption 
method of Trotter, Thompson & Wokes (1948), but 
tins method was not available for the work described 



Fig 4 Effect of titration time on dye titration value (LTV) of ascorbic acid and aUied compounds Ascorbic acid, 

X X , hydroxytetromo acid, , dihydroxy maleio acid, • • -Jk, reductio acid, — • — O > 

gluooreductone, O O , diketogulomc acid, ® , tsoascorbio acid, • 1 1 1 1 1 1 • Results obtamed by Hams & 

Mapson (1947) on left-hand side (A), by Wokes (194Cb) on nght-hand side of diagram (B) Results of present vork m 
centre (C) Results on walnut extracts mdicated thus ■ 


time was adequate This method certainly corrects 
for some of the mterfermg substance, but the cor- 
rection IS not necessarily complete as, m the short but 
de fini te time required for the dye to react with the 
whole of the ascorbic aoid, it may also have acted 
with some of the mterfermg substance This was 
clearly shown by Hams & Mapson (1944, 1947) 
usmg the contmuous flow method, with winch they 
used reaction times down to 0 28 sec They found 
that at pH 1 4 about 12 % of ascorbic acid had not 
yet reacted with the dye 1 1 sec after mixmg, 
whereas about 40 % of reductone bad aheady 
reacted m this time under the same expenmental 
conditions They obtamed velocity constants for 
reductic acid and for reductone which were re 


in the present paper However, no mdication has 
been obtamed of the presence of isoascorbic acid or 
of hydroxytetromo acid m walnut tissues Wokes 
(1946 6) described a modified potentiometnc method 
with which reaction times were obtamed to less than 
10 sec Usmg a titration'pH of 0 6—0 7, he confirmed 
that tsoascorbic and hydroxytetronic acids reacted 
as quickly as ascorbic acid with the dye, and that 
dihydroxymaleic acid reacted still more rapidly 
He also foimd that under the given conditions dike 
togulomc acid reacted as rapidly as ascorbic acid, 
reductic acid rather more slowly, and reductone 
much more slowly (see Fig 4) Apparent vitamm C 
from different walnut tissues resembled reductone m 
reactmg more slowly 
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Spectroscopic studies 

Por these we used purified acid ethanolic extracts 
prepared, as described above, from different walnut 
tissues, but especially the buds and catkins, in winch 
the dye titrations bad shown the apparent vitamm C 
to represent practically the whole of the dye re 
ductant The extracts were examined usmg the 

£ 



Ug 6 Absorption onrveB of extracts of weJnut buds and 
catkins, aU m HPOj except the dotted curve which was 
obtained on an extract the pH of which had been adjusted 
to46 

Huger E 3 quartz spectrograph, and showed a broad 
absorption hand with a mam peak at 280-296 and 
indications of subsidiary peaks at 326—330 and 336— 
343 m/i (Fig 6) Except m one rather doubtful 
case, we were unable to obtam any evidence of the 
presence of reductone or of reductio acid, two of the 
possible constituents of apparent vitamm C which 
have been found m other plants 


DISCUSSION 

The discovery m walnut tissues of extraordmanly 
high concentrations of apparent vitamm C raised 
mterestmg questions regarding its nature and 
possible functions In earlier work we were gmded 
by the hypothesis that the apparent vitamm C 
resembled that found m other foods and was pro 
bably an enediol of the reductone type This hypo 


thesis was supported by a close resemblance to re 
duotone m its slow rate of reaction with the dj^e, a 
criterion which Hams & Mapson (1947) used to 
differentiate between various non specifio dye re 
ductants However, its failure to react with ascorbic 
acid oxidase, under conditions such that reductone 
would react, led us to doubt this hypothesis, emd 
finally to abandon it on discovermg (Wokes, 1946a) 
that, m contrast with reductone, the apparent 
vitamm C of walnuts showed a marked mcrease m 
dye titration value as the pH was reduced below 2 
This wBS confirmed by our failure to detect re 
ductone spectroscopically m numerous extracts of 
different walnut tissues, especially buds and catkms 
The observation that a yellow colour developed 
when the apparent vitamin C was titrated with dye, 
or oxidized with the walnut enzymes, led us to 
investigate this oxidation product, and when we 
found that it had a similar spectrum to that of 
juglone, the possibdity arose that some at least of 
the apparent vitamm C m walnuts is a reduced form 
of juglone Although there was a lugh correlation 
between the mcrease m mtensity of yellow colour 
and the concentration of apparent vitamm C m 
different tissues, occasional discrepant results sug- 
gested that m some instances at least there might be 
asecondnon specifio dye reductant present Spectro- 
scopic studies of numerous walnut extracts failed to 
identify the apparent vitamm C, the absorption 
curves ahowmg evidence of fine structure which 
needed for its complete elucidation more accurate 
and more sensitive speotroscopio apparatus than was 
at our disposal 

The ooourrence of apparent vitamm C m so many 
of the walnut tissues, especially those m which 
ascorbic acid is also found, suggests that it cannot be 
merely a waste product, but almost certainly plays 
an active part m some metaboho process, possibly 
one concerned with ascorbic acid Had it proved to 
be reductone, as earher postulated, it might then 
have been a precursor of ascorbic acid Smce re 
ductone has been formed tn intro by the action of 
ultraviolet hght on glyoxal, which is itself a possible 
product of photosynthesis, an attractive hypothesis 
could be developed for the photosynthesis of ascorbic 
acid firom glyoxal via reductone Probably m most 
plants synthesis of ascorbic acid occurs m green 
photosynthetic tissues, to be followed by translo 
cation to the frmts This could explam our failure to 
find apparent vitamm C m frmts or leaves of other 
plants In the walnut, synthesis of ascorbic acid m 
the leaves might be mcomplete, some of the re 
ductone bemg translocated as such to the endocarp 
there to be comerted mto ascorbic acid Such a 
picture would fit many observations, especially those 
concemmg concentration gradients, wluch are more 
favourable to the translocation of apparent than of 
true vitamm C fi'om leaf to frmt 
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The above theory was discredited by our failure to 
obtain a significant increase in \atamui C concen 
tration durmg the storage of immature frmts m 
which the concentration of apparent vitamm C was 
fa llin g It nas abandoned when we obtamed clear 
evidence that the apparent vitamm C is not re 
ductone, but is more likely to be a juglone derivative, 
possibly a reduction product Such a compound 
could hardly be a precursor of ascorbic acid, though 
it might be linked with the latter m an OMdation 
system Further speculation must, however, be de- 
ferred until the chemical nature of apparent ntamm 
C has been more clearly established Work on this 
problem is still m progress 

Smce the above work was completed evidence has 
been obtamed (Daghsh & Wokes, 1948) that the 
apparent vitamm C m restmg buds and catkins is 
mamly, if not entirely, a derivative of hydrojuglone 
(14 6 tnhydroxynaphthalene) 


1949 

6 Remarkably lugh concentrations of apparent 
vitamm C were found m buds and catkms, m 
winch it usually formed most of the total vita 
min C 

6 The rate of reaction of apparent vitamm C 
with the mdophenol dye was found to be much 
slower than that of ascorbic acid, dihydroxymaleic 
acid, diketogulomc acid, hydroxytetromc acid or 
woascorbic acid, and to he between those ofreductic 
acid and reductone, all determmed at the normal 
titration pH of about 0 7 

7 The apparent vitamm C m walnut tissues 
differs from reductone m (o) its stability towards 
ascorbic acid oxidase, (b) the mcrease of its dye 
titration value as the titration pH is reduced below 
2, (c) the development, by the action of the mdo 
phenol dye or of the walnut enzymes, of a yellow 
compound winch spectroscopically seemed to re 
semble juglone 


SUMMARY 

1 Apparent vitamm C has been detected m 
numerous samples firom the walnut (Juglans regia) 

2 In finnts the highest concentrations occurred m 
the epicarp and mesocarp, especiaUy m very young 
finnts, m winch it could form half of the total 
vitamm C, as measured by dye titration 

3 In leaves the highest concentrations occurred 
m the mesophyll, from which there was usually a 
defimte concentration gradient through the vascular 
tissue, raclus and petiole towards the stem 

4 In the stem the Inghest concentration was m the 
phloem, m winch the concentration gradient was 
generally fi:om older to younger tissue during the 
early summer, but m the reverse direction m the 
wmter 


We are mdebted to Prof. T Eeichstem for specimens of 
reductone and of reductic acid, to Dr F Bergel for specunens 
of reductone, reductic acid, diketogulomc acid, hydroxy- 
tetromc acid and uoascorbie acid, to the late Dr F C 
Jacoby for many of the spectroseopio estimations and to 
Miss J Q Organ, Ihss E M James and Miss E Finnegan 
for assistance 

Note Smce this paper was sent to the press we have 
been shown by Prof Minmonoff a thesis for Doctor of 
Pharmacy deahng with vitamm C m the walnut and con 
firmmg some of our findin gs This thesis (Stadelmann, 1949) 
refers to work earned out m Germany durmg the war by 
J Breinhch (Breinhch, 1942), m which the suggestion is 
put forward that the ascorbio acid m walnuts is ondised 
to dehydroascorbic acid by juglone, which is itself reduced 
to hydrojuglone No proof is provided of the existence of 
hydrojuglone m walnut tissues 
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Chemical Factors in the Germination of Spore -bearmg Aerobes, 
The Effect of Yeast Extract on the Germination of Bacillus anthracis 

and its Replacement by Adenosine 

By G M hills. Microbiological Research Department, Porton, near Salisbury, ILtite 

(Received 29 March 1949) 


The rapidity of germination of bacterial spores when 
moculated mto a nutrient medium has been known 
for many years Thus Fischoeder (1909) showed that 
98 % of anthrax spores became heat sensitive m 
broth at 37° m 1 hr , but only 60 % became heat- 
sensitive m sahne at the same temperature m 6 hr 
Little work has been done, however, on the specific 
nutrients responsible for this type of effect, in spite 
of advances m the study of the requirements for 
bacterial growth (reviewed by Knigh t, 1946) Thus 
the review of Knajisi (1948) on the baetenal endo 
spore adds httle on the conditions for germmation to 
that of Cook (1932), apart from the work of Kn aysi 
(1946) lumself on BaciUus mycoides (B cereus var 
mycotdes) Using a microscopic techmque, he con 
eluded that the spore is adequately supphed with 
stored mtrogen, but requires a source of carbo 
hydrate and mamtenance of a neutral pH On the 
other hand, Keihn & Hartree (1947), using a meta 
boho method, found that B subtilis required a source 
of assimilable mtrogen and an umdentified dialys- 
able factor present m yeast extract, peptone or 
tryptic digest of casern 

More recently, Wynne & Foster (1948o, 6, c), and 
Foster & Wynne (1948), have studied the subject 
with special reference to Clostridium botulinum 
Their findings showed a need for carbon dioxide 
(Wynne & Foster, 1948c), and inhibition by traces 
of iinsaturated fatty acids, recalling inhibition of the 
growth of non sponng bacteria, e g Mycobacterium 
tuberculosis (Dubos, 1945) end Haemophilus pertussis 
(Pollock, 1947) In spite of the widespread occur 
rence of carbon dioxide requirements and un- 
saturated fatty acid inhibitions m bacterial nutri- 
tion, no such effects were observed (Wynne & Foster, 
1948c , Foster & Wynne, 1948) with the germmation 
of the four aerobes studied, B brevis, B mega 
Ihenum, B mesentencus (B pumilus) and B sub 
tills 

In other fields of biology, there has been a general 
interest m problems of dormancy, and it has been 
i^cognized that the germmation of many dormant 
cells IS stimulated by essential metabolites produced 
nnd secreted by active tissues (see Brown, 1946), and 
in some instances the active prmciples have been 
either identified chemically or replaced by pure 
chemical compounds 


The germmation of the mould, Phycomyces blakes 
teeanus, was exammed by Robbms and co workers, 
who obtamed two firactions from potato extract 
(Robbms & Hamner, 1940), both of wluch were 
essential for optimal activity One of them could be 
replaced by guanme (Robbms & Kavanagh, 1942a) 
or by hypoxanthme (Robbins, Kavanagh & 
Kavanagh, 1942), and the latter was isolated &om 
the extract by Robbins & Kavanagh (19426) Other 
purmes tested by Robbms (1943) were less active 
The work of Hurm (1946) showed that the ger mm a- 
tion of Rhizopua nodosus was also stimulated by 
hypoxantlnne, and that the early growth of four 
other Mucoraceae was similarly stimulated, though 
proof was not given that such stimulation was 
spiecifioaljy connected with the phase of germmation 
With Neurospora crassa, on the other hand, the 
stunulatmg material m media contauung auto 
claved pentose was probably furfural (Emerson, 
1948) 

In a different field, the requirements for excyst 
ment of the cihate protozoon, Colpoda cucuUus, have 
been reported by Barker & Taylor (1933), Thunann 
& Barker (1934), Thunann & Haagen Smit (1937), 
Haagen Smit & Thunann (1938) and Prater & 
Haagen Snut (1940) These authors found that, m 
addition to a source of soluble carbohydrate and 
various stimulating factors associated with carbo 
hydrate metabolism, there was a need for one of two 
neutral compounds, CiaHuO, or CjjHi^Oj, wluch 
were active at a concentration of 1 m 2 5-6 0 x 10^ 
So far, it 18 not known if the nature of these com 
pounds has been established, and their actnuty 
proved by the use of synthetic specunens 

It will be seen that m addition to umdentified 
factors, the compounds which have been unpheated 
m the germmation of dormant cells are of a \ery 
varied nature, no common pattern bemg jet dis- 
cernible The work now reported is concerned with 
the addition of results on the gemnnation of spores 
of a single stram of B anthracis Results on other 
strains and species will be given m a later paper 

JEETHODS 

The loss of resistance to heat, as a phj Biological 
criterion of germmation shown bj \uable count, has 
been preferred m spite of the criticism (Cook, 1932, 
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Gardner, 1946) that this represents a pregerminative 
phase and does not correspond to true germination 
The choice is justified, however, by the customary 
use of heat resistance m the diagnosis of spore forma- 
tion and m freemg spore suspensions from vegetative 
cells Support of tins view has recently been 
elaborated by Wynne & Foster (1948 a), and the 
evidence need not be repeated in detail Briefly an 
organism, after loss of heat resistance, cannot be 
regarded as bemg m the spore state A spore under 
gomg such a change must therefore he regarded as 
hai'inggermmated if still viable The term ‘germina- 
tion’ will therefore be used m tins sense tliroughout 
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Fig 1 Effect of tune at different temperatures on nsbie 
count of Bacillus anthracis (diagrammatic) AB at 0° m 
nntnent medium, AC at 36° m nutnent medium, AD, 
BE and CFO at 60° m mert diluent 

Qeneral principle This is shown m Fig 1 If spores 
were suspended m a suitable culture medium, and 
dilutions m a non nutrient but harmless fluid were 
made at mtervals for detemnnation of the rnable 
count, the changes m count were either small or 
insignificant during a period of about 30 mm 
whether the culture medium was mamtamed at 0° 
(AB) or 36° (AC) If the dilutions were heated at 
60°, little furtlier change was shoNvn over a period 
up to 60 mm , either with those made mitiaUy (AJ?) 
or with those made from culture medium which had 
been mamtamed at 0° (1313) With dilutions from 
culture medium which had been mamtamed at 36°, 
on the other band, the count fell rapidly (CFO), 
usually reaching a comparatively stable lower level 
m less than 6 mm The count of spores remauung 
resistant to heat at 60° after any treatment will be 
referred to as the S count, while counts set up with- 
out heatmg at 60°, moludmg both resistant spores 
and non-resistant vegetative forms, will be referred 
to as the S + V count (These abbreviations are used 
instead of the terms ‘spore count’ and ‘total count’ 
to avoid confusion with the customary me anin g of 
the latter m bacteriology ) 

Spore suspensions Spores of a vimlent strain of B 
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anthracis, supplied by Dr R L VoUum, wore dned in horse 
Berum and stored tn vacuo Three different spore suspensions 
were prepared from this stock culture as foIIowB (a) Grown 
direct from tho stock culture on the surface of CCY agar 
(Gladstone & Fildes, 1940) to about 60% sporulation m 
2-3 days (6) Grown from (a) to about 100 % sporulatiou m 
24 hr m a vigorously aerated medium composed of 2% 
marmite, 1% cane molasses (decolorized with activated 
charcoal) and 0 6 % NaiHP 04 2HjO The pH of this acid 
medium was adjusted to 7 3 with aseptic precautions after 
autodaving (c) Grown from (a) to about 90% sporulation 
m 48 hr in the ‘complete’ synthetic medium of Gladstone 
(1039) inth L-alnnme in place of PL-alanine (Hills, 1949) and 
supplemented by 10 “’ m ancunn (Hagan, O’Kane Young, 
1943), 5 y 10~*sr Ca++ (Brewer, 3IcCuIlongh, JIiDs, Roessler, 
Herbst t Howe, 1940), and 10 ~'m yeast adenvhc acid The 
inoculom was about 2000 spores/ml (viable coimt), and the 
cultures were aerated bj shakmg at 120 osciUations/mm m 
60 ml conical flasks contnmmg 10 ml culture, the distance 
of travel being 5 cm The stram was still virulent after 
growth on this sjuthetic medium (LDjo for mice, about 
200 spores by the intraperitonenl route) 

After reapmg, all spore suspensions were heated I hr at 
60° to destroy remammg vegetative forms, washed thnee 
with distilled water and stored m the ice chest Suspension 
(a) was used for the maj or port of the work, (6) was used only 
for a few preliminaiy eypenments, and (e) was used after the 
discovery that a preparation of yeast adenyho acid promoted 
almost complete germination m a smtable synthetic medium 
It was thus possible, by cultivation of spores in snob a 
medium, to reduce transference with the mocnlnm of un 
known biologically active metabohtes Without adenyho 
acid, the use of a synthetic medium mvolved cultures m 
which onlj a small proportion of the inoculmn could have 
been shown to Lave germinated Under these conditions, 
growth from those spores which germmated most easily may 
have produced a new population of spores with simpler 
requirements for germmntion than those of the original 
culture Such suspensions were avoided 

Basal medium One of the early difSculUes was the design 
of a smtable deficient basal medium, smee genmnation was 
too rapid for quantitative measurement m the usual labora 
tory media 

The medium finally adopted had the following com 
position KHjPOi (A Jl , 4 6 g m 460 ml water) ]>tyroaine 
(onide,Beep 367,60mg m26ml n N aOH) , HCl hydrolysed 
gelatm (Nelson’s photographic no 1, neutralized, 12 6 ml 
20%) The constituents were made up together to 600 ml , 
brought to pH 7 4 with 1—2 ml N NaOH and autoclaved 
This basal medium was double strength to allow for the 
addition of moculum and various test preparations to a 
fixed total volume Although not essential for germination, 
the foUowmg mixture, which was essential for good growth, 
was added aseptically just before use (0 5 mk/lO ml double 
strength medium) aneunn, 1 ml lO"*!!, MgSOj, 40 mg , 
FeSOj (NHjIjSOj 6H,0, 16 mg , CaCa, 6H,0, 110 mg , 
glucose, 2 6 g , in 6 mk K HCl with 20 ml water, Seitz 

filtered After this addition the medium was nentrahzed with 

0 6m NaHCO, (0 2 ml /lO ml double strength medium) and 
distributed aseptically m accurately measured quantities m 
0 X J in test tubes irbicb had been cleaned in acid bichromate 
and sterilized with gauze covered plugs 

In some experiments this basal medium was replaced by 
one containing 33 msr phosphate buffer (prepared from 
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KHjPOi (A R ) with COi free n NaOH added to give 
pH 7 3) 

Procedure. Before mocnlation, the tubes of medium were 
warmed m a well stirred water bath, thermostatically eon 
trolled at 36 0 ± 0 1° No attempt was made either to aerate 
or to secure anaerobic conditions To avoid errors due to the 
contmuation of germination durmg the sampling of a long 
senes of tubes, eirpenments were set up by moculating at 
timedmtervals, usually 1mm Samphng, by makmg tenfold 
dilutions m distilled water, also took place at correspondmg 
mtervals Where imtial counts were required, samples were 
taken just after moculation, and the tubes of moculated 
medium were returned to the water bath immediately after 
samphng For S + F counts, the tubes of diluent were cooled 
m ice water before samphng and were kept m the cooling 
bath after samphng until the contents were plated For S 
counts, the tubes of diluent were heated to 60° before 
samphng and heatmg at this temperature was contmued for 
16 mm after sampling to destroy all germinated forma The 
dilutions were then cooled and kept m ice water till the time 
of plating 

Except where stated otherwise, the moculum was about 
12,000 spores/mL and the period of mcubation was 30 mm 

Vtalde counts and their accuracy The pnnmple of the 
surface plate techmque of Miles & Misra (1938) was used with 
mmor modifications m teohmcal details The composition of 
the medium for plating was 2% Evans peptone, 0 6% NaCSl 
and 16% agar, pH 7 0 To ensure unifonmty of successive 
batches of medium, it was made from a smgle batch of 
peptone, of which a sample had been shown to give satis 
factory counts of the test organism, never significantly less, 
and, with some suspensions, many times greater than those 
on tryptic ox agar Plates were poured without cooling the 
melted agar and were dried, mverted over the hds, for 
90 mm. at 60° Dropping pipettes, dehvenng 42 drops/ml , 
were used to distribute 7 drops of appropriate dilations over 
each of 3 plates Plates were moubated either for 12 hr at 


37° or for 16 hr at 30°, when the colomes were discrete and 
of uniform size, about 1 mm m diameter, provided that the 
number on each plate did not exceed 260 In designmg the 
experiments, control plates were inoculated so as to yield 
about 200 colomes from the spores which had failed to 
germinate after mcubation m the deficient basal medium 
With the usual inoculum, this was attained by platmg, as 
described, 0 5 ml of the tenfold dilution made m samphng 
Samples showing a fall m count due to germmation were 
plated at the same dilution 

Ideally, the chance of observmg a particular value m a 
senes of repheates should conform to a Poisson distnbution, 
for which both the mean and the vanance are estimated by 
the mean of the observations (Fisher, Thornton & Mackenzie, 
1922) For a total control count of 600-700 colomes on the 
three plates, the standard error was thus about 25 colonies 
and the limits were of the order of ± 8 % with a probabdity, 
P=0 05 Ultimately, there were avadable for testmg con- 
formation to a Poisson senes, 47 sets of quadruphoate 
controls and 21 sets of qumtupheates With such a small 
senes, it was necessary to group the data at both tads of the 
distnbution, each amountmg to 10 % of the whole, to avoid 
expectations less than 6 m any group (Table 1) Owmg to the 
presence of four aberrant values exceedmg the theoretical 
1 % level, the X* for deviations from the theoretical distn 
bution could not therefore accurately summarize the whole 
of the available information. It mdicated a larger pro 
babihty, 0 6, for the occurrence of greater deviations by 
chance than 018 shown by the total y* for vanations withm 
sets of repheates, the latter measure being very sensitive to 
the presence of a few excessively vanable repheates, while 
giving httle information on the general form of the distn 
bution. Taking both entena mto consideration, it was con 
sidered justifiable to regard this sample of counts as con 
forming to a Poisson senes, but m usmg the square root of 
a count as an estimate of its standard deviation, m order to 
assess the sigmficance of differences, the precaution was 


Probabdity of 
observmg greater 
deviations by 
chance 

100 
0 99 
0 98 
0 96 
0 90 
080 
0 70 
060 
0 30 
0 20 
010 
0 05 
0-02 
0 01 
000 


Table 1 Conformation of control counts to Poisson series 


No of sets of repheates observed 
Sets of 4 Sets of 6 Total n 
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1 

2 

1 

6 

6 

6 
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8 
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1 

1 
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0 

2 

3 

2 
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2 

3 

1 

0 

0 

0 

1 


No of sets 
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(N) {n-N) 


68 


+ 2 2 


68 
08 
13 0 
13 6 
68 
68 


+ 02 
+ 12 
-26 
-66 
+ 42 
+ 02 


08 


+0 2 


Total 

47 

21 

03 

68 0 

Total x* for deviations of 
counts from mean of set 

176 4 

09 3 

244 7 

— 

of freedom U) 

Irobabibty of observing 
gteater deviations by 
chance 

141 

84 

226 

— 

197 

-1 16 

0 93 



0 026 

0 88 

018 
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0 71 


0 01 
0 21 
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2 30 
2 68 
0 01 


0 01 


0 33 
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adopted of examining the data in a particular experiment for 
evidence of excessive vanation 

Comparison of potencies of active preparations The effects 
of preparations promoting the germination of spores m the 
presence of the basal medium were measured by the decrease 
m S count caused by the preparation in excess of the small 
decrease observed m the basal medium alone under the same 
conditions 

The control S coimt, after mcubation in the basal medium, 
was used as an estimate of the number of spores which had 
been subject to the influence of the active preparations 

For comparison of potencies it was found that a convenient 
hnear concentration relationship could ho obtamed by the 
pro bit-log concentration transformation (see Finney, 1947) 
Statistical justification of this procedure will bo pubhshed 
elsewhere Simple graphical methods sufficed, however, for 
general use 

RESULTS 

Prdvtmnary experiments 

The rate of germination of a small inoculum, about 
1000 sporea/ml , m the usual laboratory media, was 
so rapid that a high proportion of spores lost their 
resistance to heat durmg the time required to make 
the inoculation and take a sample On the other 
hand, the rate was so slow in the synthetic medium 
of Gladstone (1939), that it was not mensurable by 
the teclinique adopted The proportion of spores 
which became sensitive to heat m a complex medium 
during a convement experimental period could be 
controlled, however, by increasing the size of the 
inoculum, or by dilutmg the medium The latter 
method was chosen m tlie first place, in order to keep 
the moculum size as small as possible, and so avoid 
transferrmg to fresh medium unknown essential 
metabohtes present m the seed It is recognized that 
this could be no more than a temporary expedient, 
since mvestigation of the effect of a particular 
nutrient might be of little value if concurrent de 
ficiencies of other nutrients occurred 

In order to gam some idea of the tvqies of material 
essential for germination, the CCY medium of 
Gladstone & Fildes (1940) was used since its com- 
position, though complex, can be subjected to some 
degree of controlled variation The bulk of the ammo- 
acids were supplied by an acid hj^drolysate of casern, 
wlule those destroyed by acid hydrolysis, especially 
tryptophan, were supphed by a tryptic digest of the 
same protem Other growth factors were supphed 
by yeast extract Usmg tlus medium at 10 % of the 
usual concentration (Table 2), it was shown that the 
tryptic digest was not essential, and that the small 
activity of the acid hydrolysate (Exp 1), witli or 
without tryptic digest, was much enlianced by yeast, 
although the latter, m the presence of buffer, was 
inactive (Exp 2) Hie yeast extract was not re- 
placeable by a mixture of known growth factors 
Its fractionation was therefore undertaken with the 
object of identrfymg the active components 


Table 2 The e^ect of constituents of CGY 
medium on germination 

(Basal medium, 0 05m glycerophosphate, pH 7 3 The 
additions were prepared as desenbed by Gladstone L Fildes 
(1940) and the final concentrations in the medmm were 
acid hydrolysed casein (.AC), 0 07%, tryptic digest of 
casein (TC), 0 03%, yeast extract (1) equivalent to 0 2% 
fresh yeast ) 


Additions to 
basal medium 


Spore count at 




/ 

0 mm 

16 mm 

30 mm 

1 

60 nun 

None 

446 



— 

362 

AC 

447 

462 

370 

198 

AC + TC 

609 

478 

3S2 

208 

AC+l 

340 

140 

68 

30 

AC+TC+} 

483 

131 

74 

29 

None 

008 



620 

— 

Y 

671 

— 

602 

— 

AC 

040 

— 

372 

— 

AC+1 

616 

— 

48 

— 


The diluted casern hydrolj^ate did not, howev er, 
provide a smtable basal medmm for the assay of 
yeast fractions, smee the degree of germmation, even 
m the absence of yeast extract, was too lugh except 
at dilutions which may well have been suboptimal 
m several essential metabohtes The synthetic 
medium of Gladstone (1939) was also unsmtable, 
smee, ns m buffer, the aotmtj' of yeast was not 
observed m this meditim It became necessary, 
therefore, to devnse a smtable basal medium 

Development of a basal medium for assay of 
yeast fractions 

A smtable basal medium should, m general 
(i) contam optimal amounts of all essential nutrients 
except that to be assayed, and (ii) usually be as free 
from the material to be assayed as possible Con- 
dition (i) IS satisfied when the biological effect m the 
presence of an active supplement is mdependent of 
the concentration of the basal medium within 
smtable limits Condition (u) is satisfied when the 
effect m the basal medium alone is small 

After a number of trials, a bydroohloric acid 
hydrolysate of gelatm, supplemented by tyrosme 
and buffered by 33 mM-phospliate, pH 7 3, was 
found to allow a satisfactory response to yeast ex 
tract In the presence of 0 28 mM l t3irosme, the 
optimum concentration of gelatm hydrolysate was 

0 26% (Fig 2) Lower concentrations of gelatm were 

little less effective, but higher concentrations were 
inhibitory No advantage m this respect was offered 
by a hydrolysate of lower salt content made with 
sulphuric acid and treated with barium hydroxide to 
remove sulphate ions A fivefold mcrease m the 
tyrosme concentration, supphed either as the pure 
isomer or as twice the amoimt of synthetic dl 
tyrosme, did not mcrease the extent of germmation 
(Table 3) The mitial counts showed that the presence 
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Concentration of hydrolysed gelatin (mg /ml ) 

Kg 2 Optinmm concentration of hydrolysed gelatin for 
germination m presence of 0 005% tyrosine A, basal 
medimn -with gelatin hydrolysed by 23% HCl, 0 76 hr at 
120°, ■, B, basal meium mth gelatin hydrolysed by 
10 % HjSO j, 3 hr at 130°, ♦ , 4 + yeast extract equivalent 
to 0 2% fresh yeast, □, £+yeart extract equivalent to 
0-2% fresh ye^, To mcreoae the range covered, the 
horizontal scale is proportional to the square root of the 
concentration 


of t3iro8ine m the dilutions dtimig heatmg did nob 
significantly affect the capacity of the spores to 
develop colonies on platmg For routine use, a 

Table 3 Effect of tyrosine on germination in presence 
of acid hydrolysed gelatin and yeast extract 

(The basal medium oontamed HCl hydrolysed gelatm, 
eqmvalent to 0 26 % (iv/v) gelatm, and yeast extract 
eqmvalent to 0 02% (w/v) fresh yeast m 33 mM phosphate 
buffer, pH7 3) Concn of 

each enan Spore count at 


Addition to 

tiomorph 

f* 

30 min 

basal medium 

(mu) 

0 mm 

None 



376 

283 

Ir-Tyrosine 

0 28 

381 

106 

1 4 

369 

89 

DL Tyrosme 

0 28 

384 

99 

14 

405 

103 


crude sample of L tyrosme,obtamedas a by product 
from the preparation of tryptic digest of casern, was 
found to be as smtable as the pure preparations 


Table 4 Effects of vanons metabolites on germination in acid hydrolysed gelatin 
and tyrosine, vnlh and without yeast extract 

(Basal medium, HCl hydrolysed gelatm eqmvalent to 0 26% gelatm, 0 28 mil n-tyrosme (crude) in 33 mil phosphate 
buffer pH 7 3 ) 


Additions to basal medium 

Concn (u) 


Concn (u) 

Cations 


Tryptophan (l-) 

0 6 X 10-« 

Ca«- 

1 0 X 10-’ 



Pe++ 

Mg-H- 

0 8x10-* 

0 6 X 10-’ 

Vitamins 

0 8 X 10-* 

p Ammobenzoate 

Glncose 

1 3 X 10-’ 

Aneurm 

2 0xlO-< 


Ascorbic acid 

0 4 X 10-* 

Guamne and pymmdmes 


Chohne 

Inositol 

04x10-* 
0 4 X 10-’ 

Cytosme 

4 6x10-* 

Nicotmio acid 

0 7x10-* 

Guamne 

3 3x10-0 

Pantothenate 

2 0x10-* 

Thymme 

4 0 X 10-0 

Pimelate 

0 7x10-* 

Uracil 

4 6 X 10-0 

Pyndoxme 

0 8x10-* 



Riboflavin 

2 0 X 10-* 


Sulphur compounds 

Cystme (n-) 1 0 x 10~* 

Glutathione > 1 0 x 10~^ 


(Since the techmqne gave control counts conforming to the Poisson distribution (Table 1), the standard error (s) of the 
'hfference between two counts {D) could be taken as the square root of the sum of the two counts Ratios Djs exceedmg 
1 08 were considered to show significant differences (P =0 06) and are given m heavy type ) 


Additions to basal medium 

None 

Cations 

Glucose 

Guamne and pyrmndmes 

Sulphur compounds 

Trj^tophan 

Vitamins 

All 

Biochem 1049, 45 


After 30 mm at 35° 


Initial 

spore 

count 


r 

No yeast 

-A- — , . , . - ^ 

04)3% yeast 

£»/« 

/ 

Spore 

count 

^ 

Djs 

r 

Spore 

count 

Djs 

644 

— 

641 

— 

253 

— 

661 

019 

629 

328 

243 

0 45 

638 

017 

693 

1 37 

296 

1 84 

684 

110 

648 

0 19 

348 

3 88 

084 

1 10 

627 

0 39 

234 

0 86 

642 

006 

684 

163 

247 

0 27 

665 

0 69 

605 

102 

2S0 

142 

679 

0 96 

638 

0 08 

303 

213 


23 



368 


G M HILLS 


In order to check the adequacy of the supply of 
essential factors m this basal mediuna, the effects of 
various known growth factors were tested, not only 
on the blank, but also on the germination ivith 
suboptunal amounts of yeast extract (Table 4) The 
materials tested mcluded cations, glucose, guarune, 
pynmidmes, sources of orgamc sulphur, tryptophan 
and water soluble vitamins No pronounced effects 
were observed, but those winch were statistically 
significant were the small inhibition of 16% by 
guamne plus pyrimidmes m the presence of yeast, 
and the small promotion of germmation of 14 % by 
cations m the absence of yeast These effects could 
have no mfiuence on the assay of j^east fractions, 
smce the concentrations, at levels sirmlar to those 
found optimal for growth by Brewer ct al (1040), 
were at least 60 fold greater than those hkely to be 
present m yeast extracts of much greater activity 
The cations, however, together with aneurm and 
glucose, were mcluded m the basal medium, since 
they were essential for good growth and therefore, 
presumably, for survival of gerirunated forms De 
tads for preparation of the medium are given m the 
section on Methods, p 364 

Replacement of yeast factor by adentnc denvatives 

After the development of a smtable basal medium, 
the problem was pursued along two mdependent 
hnes Boded yeast extracts, or boded autolysates up 
to twenty times as active as such simple extracts. 


1949 

were fractionated to give preparations active at 
2 6-6 0 pg /ml These experiments are not described 
m detad, smce the testing of materials known to be 
present m yeast extract showed activity m pre 
parations of many nucleic acid derivatives (Table 6) 
A commercial sample of yeast adenylic acid was 
higldy active, and a guanylic acid preparation also 
showed some activity, but adenme and guamne were 
mactive Preparations of yeast and thymus nucleic 
acids also showed some activity In a second expen 
ment (Table 6) the purmes were tested with and 
without nbose to see if the latter made the synthesis 
of an active compound possible Significant effects 
were not observed Fig 3 shows that the maximum 


O 

LTt 



Fig 3 Effect of nudeotide preparations and yeast extract 
on germmation Adenylio aoid, <C>. gnanylio aeid, □, 
yeast extract, A 


Table 6 Effect of nucleic acid denvahvcs on 
germination in basal medium 


(Ribose, where added, was 4 x 10“*M Other additions 
were 2 6 x except yeast adenyho acid, 10“*M, 

guanyho acid, lO'^M and yeast extract eqmvalent to 
376 fig fresh yeast/ml (Exp 1) or 600 pg /ml (Exp 2) ) 

Exp Additions to Spore count after 

no basal medium 30 nun at 36° 


1 


None 496 

None 491 

None 463 

Adenme 492 

Adenosme tnphosphate 660 


Adenyho aoid 
Guamne 
Guanyho aoid 
Thymus nucleic acid 
Yeast nucleic acid 
Yeast extract 


None 
None 
Adenme 
Guamne 
Hypoxanthme 
Xnnthme 
Adenyho acid 
Yeast extract 


216 

490 

302 

434 

266 

201 


Without 

With 

nbose 

nbose 

724 

766 

938 

938 

908 

944 

757 

948 

764 

944 

892 

826 

126 

67 

122 

102 


effect WHS given by both adenyhc acid and guanyho 
acid at a concentration of about 36 pg /ml or 10~*M, 
but the latter showed only 40 % germmation, com 
pared with over 90 % for adenyho acid The effect of 
adenyho acid, however, was quahtatively different 
from that of yeast, smce twofold mcrease of yeast 
concentration mcreased germmation from 46 to 
70%, whereas fivefold mcrease m adenyhc acid 
concentration was necessary to produce a similar 


change m germmation 

It must be emphasized that the preparations used 
up to this stage had been commercial products which 


had not been specially purified The activity may 
therefore have been due to impurities This was also 


suggested by the properties of the material m yeast 
extract, m particular the failure to get a barium salt 
insoluble m 67 % ethanol Further, durmg the 
course of work on the ammo acids essential for 


germmation (Hills, 1949), it was found that there 
was a five to ten fold mcrease m the activity of the 


sample of adenyho acid used (Table 6) m 6 mM 
a,queous solution at its own pH (3 1) durmg a period 
of about 6 months at room temperature In view of 
the probabihty of hydrolysis under these conditions, 
a commercial sample of adenosme was tested at the 
same tune and found to have practically the same 
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aotmty as the old solution, of adenylic acid, i e five 
to seven times the activity of fireshly made solutions 
of preparations of yeast adenylic acid from two 
different commercial sources Ademne cytosme di- 
nucleotide had the same activity as adenyho acid on 
a molecular basis, but a guanosme preparation 
showed much smaller activity 

Table 6 Concentrations of ’preparations of nucleosides 
and nucleotides for 60 % germination under standard 
condittons 

(The conditions were 30 mm at 36” in the basal medium 
deacnbed onp 364 The concentration for a final spore count 
60% of that m the basal medium was estimated fium pomts 
m the neighbourhood of 60 % survivorB on the assumption 
that the probit-log concentration regression Ime was parallel 
to that of the standard yeast preparation, which gave 60% 
survivors at 131—161 ^ /ml m these experiments ) 


Addition to basal medium 

Conon for 60% 
germination 
(jm) 

Adenosme 

08 

Yeast adenyho acid 

Sample A, fresh solution 

40 

Sample A, 6 month-old solution 

05 

Sample B, fresh solution 

66 

Ademne cytosine dmuoleotide 

6 1 

Guanosme 

80 


In view of the importance of tyrosme m germina- 
tion and the sumlanty m the stabihty of tyrosme 
oodecarboxylase (Gale & Epps, 1944) to the ger 
mmation factor from yeast, it seemed likely that this 
coenzyme might be a possible biologically active 
unpunty m commercial preparations of nucleic acid 
derivatives A sample, kmdly supphed by Dr E F 
Gale, was, however, found to be msntive even at 
1 mg /ml 


From these observations it appears that the 
activities of nucleic acid derivatives might reasonably 
be accounted for by them content of adenosme, a 
preparation of which was the most active material 
tested 

Purification of adenosine 

In order to complete the identification of adeno 
sme as the active material, the changes m activity 
were exammed (Table 7), foUowmg purification by 
recr3'BtalhzationB fivim water without change m 
m p 224r-226° (uncorr ) The final product, dried 
til 1XICUO over CaClj , gave the foUowmg analytical 
results (W eder and Strauss) (Found, C, 44 4 , H, 6 2 , 
N, 26 6 Calc for CioHuNjOi, C, 44 9, H, 4 9, N, 
26 2 %) Levene & Bass (1931) gave m p 229°, with 
1 6 mol water but the conditions of drymg were not 
stated Fractions D and E, the mother liquor and 
crystals, respectively, from the third recrystaUiza 
tion, had closely similar activities at all four levels 
tested The ongmal commercial specimen A and the 
mother hquors B and O, from the first and second 
recrystalhzations, respectively, were less active, ex- 
cept for the two lowest levels of preparation O m 
Exp 1 The X* f®st was therefore apphed on the 
assumption that the best estimate for each of the 
levels tested was the meim of the correspondmg 
values for D and E Highly significant differences 
(P<0 001) were observed for A, B and O m both 
experiments, but the deviations for D and E together 
were not significant (P = 0 21 ) 

Sterilization of adenosine 

In the experiments reported so far, the adenosme 
had been sterilized by autoclavmg m aqueous solu- 
tion (16 lb /m 20 rmn ) Tlie purest preparation E 


Table 7 Effect of recrystallization on activity of commercial sample of adenosine in promoting germination 

(The significance of diffeTences was tested by x* for the deviations of all pomts for each preparation from the means of 
correspondmg pomts for preparations, D and E The control counts, without addition of any preparation, were 068 4 and 
697 8 m Exps 1 and 2 respectively, each the mean of qumtuphcates ) 

Spore count after 30 mm m basal medium + preparation 


Exp 

no 


Probability 
to cbaiico 



A 

B 

0 

D 

E 




Mother hquors from 



Adenosme 


i 

A 

\ 

Sohd phase 

conon 

Ongmal 

1st 

2nd 

3rd 

from 3rd 

(fig /ml) 

sample 

recrystallization recrystallization 

recrystallization recrystallization 

0188 

637 

668 

616 

623 

616 

0 470 

426 

426 

334 

370 

330 

1 176 

318 

278 

301 

267 

239 

2 94 

163 

191 

193 

161 

160 

0188 

628 

603 

637 

393 

397 

0 470 

362 

386 

401 

304 

331 

1 176 

243 

290 

176 

132 

164 

2 94 

166 

167 

148 

114 

1 

130 

/ 


163 8 

303 7 

296 6 


1070 

of difference due 

0 001 

0 001 

0 001 


0 21 
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was tested after sterilization both by autoclaving 
and by Seitz filtration (Table 8) Exp 1 showed no 
significant differences at any eoncentration, and 
although Exp 2 suggested that the filtered solution 
was less active at each concentration tested, only at 
the highest concentration did the difference appear 
to be significant by a simple x~ test Examination of 
rephcate counts m this experiment showed greater 


Effect of adenosine on vegetative and 
spore counts 

Except for a few early experiments m complex 
media it has been assumed tlir oughout this work that 
the fall m spore count on mcubation m culture media 
was due to germmation Omission of controls on 
possible changes m the total count was justified m 


Table 8 Effect of purified adenosine on germination after sterilization by autoclaving or Seitz filtration 

(Thnce reorystaUized adenosmo was ascd (Preparation E, p 359) Stenhzation was earned out m 2 ruM solution, auto 
clavmg for 20 mm at 16 lb /in and Seitz filtration through a Ford Stemnat S B , 10 ml through a pad 3 6 cm m diameter 
Control spore counts with no adenosme m the basal medium were 392 6 and 922 2 for Exps 1 and 2 respectively (sum of 
three plates, each sum the inean of qumtuplicate determmations) The penod of mcubation was 30 imn at 36° ) 


Spore counts with adenosme 



Autoclaved 

Filtered 



Probabdity of 

Ckmcn 

of * — 

, 


V 


Degrees of 

greater difference 

adenosme Smgle 

Sum 

Smgle 

Sum 

(ni-Hsr 

fi*edom 

due to chance 

(pii) 

plates 

(«i) 

plates 

("i) 

Jii + n, 

{ 4 ) 

(P) 

06 

81 

289 

82 

264 

1 13 

1 

— 


99 


89 






109 


93 





1 8 

49 

169 

66 

179 

1 18 

1 

— 


62 


61 






68 


62 





00 

40 

123 

37 

117 

016 

1 

— 


41 


39 






42 


41 





00 

219 

092 

236 

745 

196 

1 

— 


231 


241 






242 


269 





1 8 

133 

460 

160 

490 

1 70 

1 

— 


148 


162 






109 


188 





60 

60 

211 

66 

268 

4 71 

i 

0 03 


74 


89 






77 


104 










10 82 

T 

009 


1924 


2053 


418 

i 

00^ 


Analysis of variance 









4- 

x" 

F 

p 



Treatments 


1 

4 18 

3 20 

0 09 



Experiments 


1 

3 77 

2 89 

>0 1 



Concentrations 

2 

2 36 

0 90 

>0 1 



Interaction 


2 

0 63 

0 20 

>01 






10 82 





Plates 


24 

31 38 





vanabdity than usual (P = 0 14), especially for 
those counts showing the apparently sigmfioant 
difference between autoclaved and filtered solutions 
Partition of m the form of an analysis of variance 
and apphcation of a variance ratio test showed that 
the difference was not, m fact, significant (P = 0 09) 
The conclusion is that if any loss of activity occurred 
on autoclaving it must be equal to the loss by 
adsorption on Seitz filtration There is no evidence 
that the activity of adenosme was due to breakdown 
on auto clavmg 


the assay of preparations, smee the observation of 
such controls would have doubled the experimental 
work, complicated the computations of activitj'' and 
the errors of random samphng would have reduced 
the value of any adjustments wluch such changes 
mi ght have made m the probit Table 9 shows that 
the effect of adenosme was solely on the loss of heat 
resistance of sjiores , the 30 % fall of the F + iS count 
on mcubation was mdependent of the addition of 
adenosme to the basal medium, and wliilst the 
proportion of heat resistant organisms remamed 
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practically 100% after incubation m the basal 
medium, it fell to 11 % in the basal medium plus 
2 pii adenosme The remammg 89 % , which were no 
longer spores smce they had become heat sensitive, 
must be regarded as havmg genmnated smce they 
were still viable, givmg visible colomes on plates of 
a smtable nutrient medium Adenosme alone was 
meffective m the absence of the basal medium 

Table 9 E^ect of adenosine on vegetative 
and spore counts 

(Sample eqmvalent to 0 05 ml undiluted culture ) 
Count of sample 

K 

r \ 

Before After 30 mm 

monbation at 35° 


t \ f 

Vegeta Vegeta 

tive + tive + 


Medinm 

spore 

Spore 

spore 

Spore 

Basal 

688 

680 

498 

492 

Buffer -f 2 /ui adenoame 

702 

694 

660 

467 

Basal + 2 jxJl adenosine 

719 

694 

472 

62 


DISCUSSION 

The importance of nucleic acid derivatives m 
bacterial nutrition was first shown by Richardson 
(1936), when he reported the need of Staphylococcus 
aureus for uracil durmg anaerobic growth, although 
the organism was capable of synthesizmg this essen 
tiai pynmidme aerobically Subsequent workers 
have estabhshed the need for nucleic acid derivatives 
by other organisms In some cases, complex den 
vatives have been more effective than simple purmes 
and pynimdmes, e g with Neurospora mutants 
(Lormg & Pierce, 1944) or Lactobacillus gayonii {L 
fermenii) (Hutchmgs, Sloane & Boggiano, 1946) 

The mode of action of adenosme m gemunation, 
however, is at present obscure, smce nothmg is 
known either of the biocheimcal or biophysical 
changes which occur m the spore durmg germination, 
or of the metabolism of adenosme by the spore 
Adenosme can be hydrolysed and deammated by 
vanous non spormg organisms (Lutwak Mann, 
1936) and can stimulate the deammation of ademne 
bj Escherichia colt (Stephenson & Tnm, 1938) or of 
serme by Olostridium welchn (R^oods & Trim, 1942) 
It would be of mterest to examme the extent to 
which spores may catalyse such reactions as well as 
those of tlie type, purme riboside + phosphates 
purine +ribose 1 phosphate, described m animal 
tissues (Kalckar, 1946) Such processes mvolvmg 
ammonia and phosphate transfer might provide a 
link between the stimulation of anthrax spores bj 
adenosme and that of Phycomyces spores by 
guunme or hypoxontlime (Robbins & Kavanogh, 
1042a, b) 

A distmction must be drawn between the require 
nients for germination and those for growth The 


sjmthetic abdity of cells emergmg from a dormant 
state may be less than those of an actively growmg 
culture (of Brown, 1946) The reqiurements for 
germmation would thus tend to be more exactmg 
than those for growth, as shown by the stimulation 
of germmation but not of growth, by adenosme m 
the case of B anthracis In gemunation, with 
changes m a smgle cell without multiphcation, it 
may be more difficult to show a requirement for a 
particular nutrient, smce the cell may carry a supply, 
though msufficieint for optimal activity, and the 
amount available for each cell cannot be markedly 
reduced as durmg growth This may be the case wuth 
pyndoxal phosphate, an important coenzyme m 
metabohsm of ammo acids, mcludmg that of tyro- 
sme (see Gale, 1946), however, although tyroame 
was important m the gemunation of B anthracis 
even high concentrations of the coenzyme had no 
influence In growth, mvolvmg perhaps a million 
fold mca'ease m cell substance, provided that the cell 
18 sufficiently eqmpped wnth essential metabohtes 
for mitiation of the process, the mcreased synthetic 
abihty of the actively metabohzmg culture may be 
capable of supplymg essential materials which could 
not be synthesized by the germmatmg spore In 
tlus way it IS possible to explam the growth of B 
anthracis m synthetic media not contammg adeno 
sme (Gladstone, 1939, Brewer et al 1946) In such 
media growth is due to the germmation of only a 
small proportion of the moculum m the early stages, 
presumably under the influence of traces of adeno- 
sme m the cells This proportion is frequently not 
detectable by the comparatively crude viable coimt 
techmque Increased germmation cannot be ex- 
cluded after changes have been produced m the 
medium by the actively growing culture, but it is 
masked by formation of fresh spores 

Although adenosme was the most acti\ e material 
tested m a high degree of purity, commercial pre 
parations of yeast nucleic acid and its derivatives 
showed some activity These materials were not 
purified to show how far the activity was specific for 
adenosme and how far it was due- to related com- 
pounds Ademne, howev er, was inactive, so that the 
specificity was greater than that of the Neurospora 
mutant described by Pierce & Lormg (1946), for 
which the maximum growth rate was largely de- 
pendent on the amount of adenyl radical a^ affable 
rather than its state of combmation In mew of the 
high sensitimty of the germmation of B anthracis 
to adenosme, this process might be made the basis 
of a microbiological assay Less than 0 5 fig could 
be detected and a three-pomt assaj could bo earned 
out on ns httle as 2 fig without modiftmg the 
experimental teclmique already used Smce onlj 
1% of the actual sample a^ affable was used m 
platmg, the method could be made e\en more 
sensitn e by the use of rmcropipettes Of estabhshed 
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methods at present available, the gumea pig auricle 
method of Drury, Lutwak-Mann & Solandt (1937) 
requires 1—2 /ig , while the use of a specific deammase 
required about 1 mg unless the reaction is followed 
by ultraviolet spectrometry (Kalckar, 1947) when 
the amount may be reduced to 0 1 /xg The results 
given m Table 6 suggest an adenosme content of 
about 160 mg /lOO g fi:«sh yeast for the best yeast 
extract used m tlus work Ostem, Terszakowec &. 
Hubl (1938), usmg the deammase method, found 
360 mg /lOO g dialysed acetone dried yeast after 
20 hr autolysis, and this was eqmvalent to 60 % of 
the aderune of the origmal cell nucleic acid The 
amount found by the effect on gernunation therefore 
does not exceed the maximum expected from the 
work of Ostem et al (1938), but a closer comparison 
IS not possible on account of the effects of autol 3 'sis 
and other conditions 

SUmiABY 

1 The metabolites essential for the rapid ger 
mmation of spores of Baczllvs anthraas have been 


1949 

studied, usmg loss of resistance to heat as a 
measure of gernunation, detemuned by viable 
count 

2 A smtable deficient medium for the assay of 
promoters of gernunation contamed 0 26 % acid 
hj^drolysed gelatm and 0 006 % L tyrosme Higher 
concentrations of hydrolysed gelatm were m 
hibitory 

3 The slow germination m the basal medium was 
accelerated significantly by yeast extract eqim alent 
to 0 01 % fresh yeast 

4 The yeast extract was replaceable by a punfied 
preparation of adenosme which gave a significant 
efiect at a concentration of 0 2 /xg /ml 

I have great pleasure m thankmg Dr D W Henderson 
and Dr D D Woods for carefiil cnticism of this paper The 
expcnmenta] work was earned oat, witb the tecbnical 
assistance of Cpl W Bailey, R JuM C , while the author was 
a member of the Scientific Staff, Medical Research Conned 
Permission to pubhsh has been granted by the Chief Scientist, 
Ministry of Supply 


BEPERENCES 


Barker, H A & Taylor, C V (1933) Physiol Zool 6, 
127 

Brewer, C R , MoCuUough, W G , MiUs, R C , Roessler, 
W G,Herbst, E J A- Howe, A F (1946) Arch Btochem 
10, 65 

Brown, R (1946) Nature, Lend , 167, 64 
Cook, R P (1032) Biol Bev 7, 1 
Drury, A. N , Lutwak Mann, C &. Solandt, 0 M (1937) 
Quart J exp Physiol 27, 216 
Dubos, R J (1945) Proc Soc exp Biol , N F, 68, 301 
Emerson, M E (1948) J Bad 66, 327 
Finney, D J (1947) Probit Analysis Cambndge Umversity 
Press 

Fisher, R A , Thornton, H G & Mackenzie, W A (1022) 
Ann appl Biol 9, 36 

Fishoeder.F (1909) Zbl Bakt (1 Abt Ong ), 61, 320 
Foster, J W & Wynne, E S (1948) J Bad 66, 496 
Gale, E F (1946) Advanc Enzymol 6, 1 
Gale, E F & Epps, H M R (1944) Biochem J 38, 250 
Gardner, A D (1945) Lancet, 1 , 668 
Gladstone, G P (1939) Bnt J exp Path 20, 189 
Gladstone, G P & Fddes, P (1940) Bnt J exp Path 21, 
161 

Haagen Smit, A J & Thimann, K V (1938) J cell comp 
Physiol 11, 389 

Hagan, W , O’Kane, D J & Young, G A (1943) Private 
commumcation 

Hills, G M. (1949) Biochem J 46, 363 
Hnmi, H (1946) Expenentia, 2, 66 

Hutchings, B L , Sloane, N H & Boggiano, E (1940) 
J biol Chem 162, 737 

Kalckar, H.M (1946) J biol Chem 168,723 
Kalckar, H M (1947) J bid Chem 167, 446 


Keihn, D &Hnrtrce,E F (1947) Antonie van Lumoenhoch 
Ned Tijdschr Hyg 12, 116 
Knaysi, G (1945) J Bad 49, 617 
Knaysi, G (1948) Bad Bev 12, 19 
Knight, B C J G (1945) Vitamins and Hormones, 3, lOB 
Levene, P A A Bass, L W (1931) Nucleic Acids New 
York Chemical Catalog Co 

Lonng, H S A Pierce, J G (1944) J biol Chem 163, 61 
Lutwak Jlann, C (1936) Biochem J 80, 1405 
Mdes, AAA Misra, S S (1938) J Hyg , Camb , 38, 732 
Ostem, P , Terszakowec, J A Hubl, S (1938) Hoppe Seyl 
Z 266, 104 

Pierce, J G ALormg, H S (1045) J biol Chem 160,409 
Pollock, M R (1947) Bnt J exp Path 27, 295 
Prater, ANA Haagen Smit, A J (1940) J cell comp 
Physiol 16, 95 

Richardson, G M (1930) Biochem J 30, 2184 
Robbms, W J (1943) Proc not Acad Sci , Wash , 29, 201 
Robbins, W J A Hamner, K C (1940) Bot Oaz 101, 912 
Robbins, W J A Kavanagh, F (1942a) Proc nat Acad 
Sci , Wash , 28, 4 

Robbms, W J A Kavanagh, F (19426) Proc nat Acad 
Sci , Wash , 28, 65 

Robbms, W J , Kavanagh, V W A Kavanagh, F (1942) 
Bot Gaz.104, 224 

Stephenson, M A Trim, A R (1938) Biochem J 32, 1740 
Thimann, KVA Barker, H A (1934) J exp Zool 69, 37 
Thimann, K.V A Haagen Smit, A J (1937) Nature, Lond , 
140, 646 

Woods, D D ATnm, AR (1942) Biochem J 36,501 
Wynne, ESA Foster, J W (1948a) J Bad 66, 61 
Wynne, ESA Foster, J W (19486) J Bad 65, 69 
Wynne, ESA Foster, J W (1948c) J Bad 66, 331 



Vol 45 


363 


Chemical Factors in the Germination of Spore-bearing Aerobes. 
The Effects of Amino-acids on the Germination of Bacillus 
anthracis, with some Observations on the Relation 
of Optical Form to Biological Activity 


By G M hills. Microbiological Beaearch Department, Porton, Near Salisbury, TFiite 

{Received 29 March 1949) 


The firsb paper of this senes (Hills, 1949) has shown 
that, m a basal medium m which essential ammo- 
acids are supphed by a gelatm hydrolysate and 
tyrosme, the rate of germination of spores of Bacillus 
anthracis was greatly mcreased by boded yeast 
extract and that the extract could he replaced by 
adenosme at a concentration of 10~^M or about 
0 26 mg fl It thus became possible to study the 
effects of ammo acids on germmation, smce the 
optimum concentration expected for many of them, 
of the order of 100 mg fl on the basis of the optimum 
concentration of gelatm hydrolysate (0 26 %), was 
much greater than that of the adenosme Obaer 
vations on ammo acid requirements were therefore 
not likely to be vitiated by trewe impuntiea m the 
adenosme, which was, necessanly, a natural product 
Diffioulty was encountered m the study of ammo- 
acid requirements, however, smce the synthetic 
medium for the growth of B anthracis used by 
Gladstone (1939), and smce modified by Brewer, 
McCullough, Mills, Eoessler, Herbst & Howe (1946) 
supported a rate of germmation, even m the presence 
of yeast extract or adenosme, too small for detection 
by viable counts, though some germmation must 
have occurred smce the stram used grew satis- 
factorily on the modification of the latter authors 
Gladstone (1939) had shown, however, that growth 
m a modification of his medium containing fourteen 
ammo-acids was inhibited by leucme, isoleuome and 
vahne separately, but was stimulated when these 
three ammo acids were present m appropriate pro 
portions In a further simplified medium , contammg 
a total of eleven ammo acids, these three were 
essential It seemed possible, therefore, that the 
feeble germmation m synthetic media, and the m 
hibition of germmation which occurred with concen 
trations of gelatm hydrolysate above tlie optimal 
(Hills, 1949 ), imght botli be due to an unsmtable 
hilnnco of ammo acids Work was therefore begun 
bj attemptmg to simulate tlie effect of excess gelatm 
U} drolj-sate by means of ammo acids, with the hope 
that this would re\ enl the cause of failure to ger 
'mnato m the ammo acid medium 


METHODS 

Technique Experimental methods, based on the deter 
mination of viable counts by the surface plate teohmque of 
Miles & Misra (1938), were as described previously (Hills, 
1949) It IS agam emphasized that all counts were viable 
counts and the abbreviation (jS -t- F count) is used for the 
sake of brevity to denote a count determmed so as to mclnde 
both spore and vegetative cells The period of mcubation 
was 30 min at 35°, except where otherwise stated 

Materials These were largely of commercial ongm, but the 
adenosine and morgamo constituents of the media were 
purified byrecrystallizationthncefirom water Onespecimen 
of n alanme was kindly presented by Roche Prodnots Ltd 
A second specimen, for which the author thanks Dr H N 
Bydon, was prepared by resolution of the benzoyl denvative 
of commeroial synthetio DL-alamne with brucme, and had 

[a] ^^ =-78° at c, 1 342 g hydroohlonde/100 ml n HCl, 
indicating 90 % optical punty A specimen of n-alanme, 
also prepared by Dr Rydon by resolution of the benzoyl 
derivative with strychnme, was optically pure, havmg 

[b] ^ = + 10 7 at c, 1 684 g hydrochlonde/lOO mb u HCl 

The anthor thanks Dr Rydon also for a specimen of 

synthetic pL-tyrosme 

Pymvio acid was purified by vacuum distillation and 
stor^ m the cold as 6 m solution (Wendel, 1932) Lactate 
was purified by recrystalhzatiott of the Zn salt and Zn was 
removed by NajCO, 

Concentrations of materials have been expressed as the 
molanty of a single enantiomorph, the total concentration 
of a DL-mixture was thus twice that given 

Statistical inlerpretationof results Smce the techmqne was 
shown m the previous paper to give counts conformmg to 
Poisson distributions, it was possible to take each count ns 
an estimate of its sampling variance, and the samphng 
variance of the difference between two counts at the same 
dilution was therefore equal to the sum of the counts This 
simple techmque sufSced for the assessment of the differences 
between counts m tho same experiment by well known 
methods as desenbed, for example, by Fisber (I94G) or 
Davies (1947) 

In comparmg the proportions germmatmg m separate 
experiments it is necessary to calculate the variance of the 
proportion This is not given by tho usual formula based on 
the binomial distribution, smce the observations arc not tho 
numbers germmatmg and failmg to germinate, but arc 
estimates n of the spores subjected to a particular treatment 
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and s of those failing to germinate, both detcmimed on equal 
portions Smoe these vary mdopendently according to 
Poisson distributions, the sampling variance of q ( =s/n), the 
proportion of spores not germmatmg, is given by 

F{2) = (02/3 s)’ F( s)+(03/0n)= F(») 

If n 18 the mean of L rephcates and s that of I rephcates 
F(n)=n/I, F(«)=«/i 

and F(g)=(s/l+s7foi)/»s or {qll+q'IL)ln 

The second term of these expressions for F (g) is usually 
small, contnbutmg less than 10 % to tho standard error if 
1=61 This frequently arises, smce the mitial counts for a 
number of mdependent treatments rarely differ significantly, 
and may therefore be pooled to give the best estimate of n 
In studymg the effects of ammo acids ns inhibitors of 
germination (Table 8), uncontroUablo vnnations in con 
ditions led to vanations m the degree of germmation of the 
uninhibited control m the different experiments It was then 
found advantageous to normalize the data by transformation 
of proportions to prohits (see Fmney, J Qil) Since tie probit 
X IB related to the proportion q so that dqjdx = z, the ordmate 
of the normal curve correspondmg to the proportion g, the 
sampling vanance of x is given by 

F (x) =(dx/dg)= F (g) ={g/fc“ +g=/fc:7/n 

Tho sampling vanance of the difference between two prohits, 
based on the same estimate of n, is given by 

F (xj - Xj) = F{xi) + F (Xj) - 2 Cov XjX, 

= y + T^(9i)/2s* - 2 Cov qiqtlz^Zi 

— {?i/^®i* + (?i/*i “ 

If the reciprocal of this theoretical samphng vanance was 
used to weight the probit differences denved from tho data 
of Table 8, an test showed that the vanations between 
experiments were greater than expectation, but x^/^, where 
tf> i6 the number of degrees of freedom mvolved m deter 
mining the weighted mean of correspondmg probit differ 
ences, showed no significant heterogeneity (Bartlett’s test) 
due to the particular experiment mvolved (P = 0 7), tho 
ammo acid tested for inhibition (P=0 9), or its concentration 
(P=0 7) It was thus possible to use a pooled estimate of the 
vanance, based on the data as a whole, and the larger 
number of degrees of freedom avadablo from this estimate 
allowed greater precision m the apphcation of the t test to the 
significance of the weighted means 

This advantage of imifonmty of vanance over a wide 
range justified the use of the probit transformation m spite of 
the disadvantage that, on approaohmg complete inhibition 
of germination, the probit tends to infinity with zero weight 
The significance thus becomes mdetermmate unless an 
estimate from the regression of probit on a function of con 
oentration of inhi bitor is available This was not necessary 
for the present purpose smce, m practice, the significance of 
such large inhibitions was not m doubt By takmg the 
minimum expected probit X as that observed at a lower 
concentration of mhibitor, it was possible to calculate a 
minimum value for the working probit, X =X + (g - Q]IZ (as 
defined by Finney, 1047), where Q, Z are the proportions 
and ordmate of the normal curve corresponding to probit X, 
and g is the observed proportion not germmatmg at the 
higher concentration The weight to be used with this 
working probit is that corresponding to Q and not to g It 
will be observed that thjs teclmique allows appropriate 
weight to be given even to observations where errors of 
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random samphng lead to an estimate of g greater than 1 (e g 
with D alanme at 20 /xM, Table 8, Exp 3) Ithasbeenapphed 
to this and three other observations m Table 8, smoe then 
omission leads to a lower ostunate for vanance for the data 
as a whole 

RESULTS 

Replacement of hydrolysed gdatin tn basal medium 
by a synthetic mixture of amino-acids Prehimnary 
experiments on tlie toxicity of ammo acids m the 
gelatm-tyrosme yeast medium, showed that leueme, 
isoleucme and vahne, which Gladstone (1939) had 
shown to be inhibitory to growth under certam con 
ditions, did not mlubit germination under the con 
ditions used, the concentrations bemg those which 
Gladstone had found to be effective Of the eleven 
ammo acids present m the simplest form of his 
medium, however, dl alanme was found to be 
strongly inhibitory, the activity bemg due to the 
D component The inhibitLoa due to excess gelatin 
hydrolysate was probably not due to this cause, 
smce that due to 10~*M d alanme was reduced from 
96 to 26% by mcreasmg the hydrol5ised gelatm 
concentration from 0 05 to 0 30 % It is probable 
that the inhibition due to high concentrations of 
hydrolysate was largely due to glycme, at 10 mu it 
reduced germmation m 0 26 % hydrolysate from 70 
to 36 % compared with a reduction to 60 % when the 
concentration of hydrolj'sate was doubled Takmg 
24% as the glycme content of gelatm (Block & 
Bolling, 1946), this corresponded to an mcrease of 
8 mu m glycme concentration 

Smce it now seemed hkely that failure of a large 
proportion of spores to germmate m a synthetic 
ammo acid medium was due to dl alanme, germma 
tion was tested m a medium contammg eighteen 
ammo acids, mcludmg threonme, at the concen 
trations used by Gladstone (1939), but with dl 
alanme replaced by the l form Other constituents 
of the medium were modified accordmg to Brewer et 
al (1946) Table 1 shows that this medium allowed 
a slow fall m spore count In this medium the faU 
was much more rapid with the addition of a pre 
paration of yeast adenyhe acid, which was used at 
this stage before it was reahzed that its activity was 
probably due to its content of free adenosme In 
buffer the faU was much slower and was not markedly 
stimulated by the swlenyhc acid Although the com- 
bmed count of vegetative cells and spores also fell 
slowly, the fall m spore count has been regarded as 
the best measure of gerrmnation, smce at 0 6 hr 
when no significant fall m iS + F count had occurred, 
the spore count m the best medium had fallen by 
over 90 % The faU m combmed count on prolon- 
gation of mcubation showed that a significant pro 
portion of the heat sensitive forms slowly became 
non-viable This applied especiaUy to those media 
which did not support growth (as shown by the 
count at 73 hr ) so that m these media the proportion 
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of spores reroamed high Nevertheless, it would be 
misleading to take the fall m the proportion of spores 
as an mdes of germination, smce this proportion may 
mcrease, as m the ‘eighteen ammo acids’ medium, 
with adenyho acid, due to a fall in the <S+ F count 
while the number of spores actually remains practi 
cally constant 


medium of Exp 2, conta inin g aspartate and gluta 
mate m addition, but the three excludmg glycme 
were as effective as that basal medium 

If the concentrations of either alanme or tyrosme 
were moreased above 0 6 mar, the germination 
moreased but about 1 % spores did not germmate, 
even at 1-6 mar At submaxunal concentrations the 


Table 1 Qerminahon and growth of BaciUus anthracis in a synthetic medium 


(The ‘eighteen ammo aeids’ medium was that of Gladstone (1939), molndmg salts and glucose, with replacement of 
Diralanme by n-alamne (6 6 x 10 ~‘m), and the addition of rm threomne (3 x aneurm (10 ”’m), CaClj (6 x 

and NaHCO, (10"*u) Yeast adenyho aoid (y a a ), where added, was 
The mooulated media, 10 ml m6m xjm tubes, were moubated for the first 6 hr m a water bath, at 36 0±0 1”, 
samples of 1 0 mL being removed at mtervals for counting Subsequently the remamder of the culture was aerated by 
slopmg on a rocker m the hot room m such a way that the tubes passed m a vertical plane through 36 osciUations/mm of 
amplitude about 6°, the minimum slope bemg as nearly horizontal as possible 
S + F =viable count of spores and vegetative cells, S =spore count ) 


m/ 30 phosphate pH 7 3 ‘Eighteen ammo acids’ 



No 

y a a 

With y a 

a 

No 

y aa 

With 

yaa 


'(S+V) 

IS) 

\S+V) 

(S) 

‘(S + V) 

(S) 

'(d + F) 

(S) 

Time 




Counts ( 

xltfi) 




(hr) 

















00 

86 

87 

84 

8-4 

83 

76 

80 

66 

06 

76 

7 6 

80 

62 

73 

69 

77 

06 

16 

72 

69 

67 

41 

61 

3 1 

60 

0 1 

30 

69 

64 

6 1 

46 

69 

26 

38 

01 

60 

68 

60 

67 

42 

44 

1 0 

41 

01 



Counts ( X W) 



Counts ( X 10’) 


72 

1 

34 



2 0 


7 6 

— 

4 7 


Determination of essential amino-acxds It was now 
comparatively simple to determme the ammo acids 
essential for germination by omission of groups of 
them m turn as shown m Table 2 In Exps 1 and 2 
the basal media were adequate, and the fall m spore 
count was not moreased by any of the thirteen 
ammo acids added The inhibition by n alanme was 
shown m Exp 1, and leueme, isoleucme and vahne 
■were together partially inhibitory m the basal 
medium of Exp 2 Exp 3 shows that the gioup 
contammg glycme and n alanme was effective with 
phenylalanme and tyrosme as the only a mm o acids 
in the basal medium, but aspartate and glutamate 
Were meffeotive This latter mixture was also m 
effective m the presence of glycme and l alanme 
(data not tabulated) The inhibitory effect of glycme 
■" as more marked m these mixtures containmg few 
ammo acids, so that m this experiment where it was 
present m both effectwe rmxtures httle germmation 
■"•as observed m 0 5 hr and it was necessary to 
prolong the experiment for 2 lir before more than 
n % germmation was observed Exp 4 shows that 
L^lamne and tyrosme together were effectiv e, 
phenvlalamne bemg stunulatory m their presence 
and glycme inhibitory 'Tliese effects were shown 
most clearly after 1 lir mcubation The four ammo 
coids together were less effective than the basal 


actual germmation observed was somewhat variable, 
but a typical experiment (Table 3) showed that 
100-160 pM was adequate for over 60 % germmation 
In another experiment with 300 pM alanme, 300 pM 
ryrosme and 1 pM adenosme (now used m place of 
adenyho acid) the germmation, 76 % , was practically 
as great as the 90 % observed m the gelatm tyrosme 
medium with the addition of the same concentration 
of adenosme A tenfold dilution of the CCY medium 
of Gladstone & Fddes (1940) was rather more 
effective, only 1 % of the spores remammg heat 
resistant as with higher concentrations of alanme 
and tyrosme With tryptic digest of beef, on the 
other hand, even at a dilution tenfold greater than 
that usual m culture media, the germmation of the 
small mocula used was so rapid that the spore count 
fell about 76% durmg the 1-2 mm required for 
mixmg the moculum with medium at 35° and trans 
femng a sample to the diluent at 60° Smce no 
significant fall occurred with the other media under 
these conditions, it must be concluded that the broth 
contains nutrients, so far umdentified, which can 
mcrease the rate of germmation much bevond that 
attainable with those nutrients now known to bo 
effective 

Inessential components of the medium The omis 
Sion of aneurm, glucose or biv alent cations from the 
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Erp 

no 


1 


2 


3 


4 


Table 2 Ammo acid requirements for germination 
(All basal media contamed salts and aneurm as m Table 1 ) 
Basal medium Additions 

- ' _ A 


Time 

(hr ) Constituents 


0 6 As m Table 1 with omission of 
oystme, methionme and tiypto 
phan, with yeast adenyho acid 


0 6 Glyome 
!■ Alanine 
DL Aspartate 
Dii-Qlutamate 
Di.-Phenylahne 
DL Tyrosme 

Yeast adenyho acid 


2 0 DL-Phenylalanmo 
DL-Tyrosme 

Yeast adenyho aoid 


1 0 DL-Tyrosmo 

Yeast adenyho acid 


10 As Exp 2 


Conen 


Conon 

(jm) 

Substances 

ifiM) 


None 



L-Cystme 

260 


DL Mothiomno 

200 



Two above 



■ 

Two above + 


5 


DL-Serme + 

10001 


DL-Tiyptopban 

12001 


Four above + 

1 


D alanme 

2801 


^None 



DL-Lcueme + 

570) 

d30U 


DL Isolenome + 

380) 

500 

760 


DL-Valmo 

130 1 

300 

*< 

L-Argimno + 

600 

300 


L Histidme + 

260 • 

280 


Dii-Lysme 

270, 

o 


DL-Tbreonmo + 

30 


DL-Prolme + 

440 ■ 


Dl-Hydroxyprolme 

380, 


'Nme above 



^None 


3001 


Glyome + 

3300) 

280 1 
1 

r 

L Alanme 

660f 

2 

1 

DL-Aspartate + 

760) 



DL-Glutamate 

300/ 

1 

^Four obove 



1 

.None 



Glyome 

3300 


L- Alanme 

660 


DnPhenylalamne 

300 


Glyome + 

3300) 

0 


L- Alanme 

660/ 

2f 


Glyome + 

3300) 


DL Phenylalanme 

300/ 


L- Alanme + 

660) 


DL Phenylalanme 

300/ 


Three above 



None 



Spores not 
gemunated 


{%) 

(SD) 

49 

10 

47 

1 0 

10 9 

1 6 

63 

1 1 

64 

1 1 

88 9 

31 

26 3 

1 7 

63 8 

38 


37 0 

29 

41 8 

30 

40 7 

32 

68 7 

36 

34-0 

26 

73 8 

37 

32 2 

24 

90 4 

44 

93 6 

46 

39 9 

29 

89 8 

44 

77 9 

40 

92 1 

46 

10 7 

16 

65 3 

34 

12 9 

1 6 


Table 3 Effect of concentrations of 1 ,-alantnc and 
tyrosine on germination 

(The basal medium contamed glucose, salts and aneurm as 
m Table 1, together with 1 6 x lO-'si yeast adenyho acid ) 

DL TVrosme {jiii) 0 10 30 100 300 

L-Alanme (pii) Spore count (m 0 06 mL) after 

30 min at 36° 


688 

660 

600 

662 

429 

607 

— 

— 

— 

— 

666 

600 

681 

148 

94 

483 

478 

386 

91 

39 

469 

472 

248 

66 

16 


tnedium had no significant effect in an experiment m 
"which the total number of "viable orgamsms. 


98 ± 3 % spores (P = 0 96) imtially, fell by 32 ± 4 % in 
media penmttmg a fall m spore count of 90 ± 2 % 
mdependently of the presence or absence of these 
constituents In the absence of any one of the 
rema inin g constituents, adenosme, L alanine or tyro 
sme, gerrmnation was much reduced, the iS + F count 
falhng to 76 6 ± 4 % of the mitial iS'+ F count and 
the spore count to 67 ± 4 % This experiment con 
firms the cause m the faU m spore count as gemuna 
tion even m the simplest medium promotmg such 
a fall Replacement of the phosphate buffer by 
26 mM sodium bicarbonate m eqvuhbnum "with 6 % 
carbon dioxide m an, showed that phosphate was 
not essential but was probably stimulatory, gi"vmg 
98% germmation compared "with 67 % m medium 
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buffered b^ sodmin bicarbonate, though the corro 
sponthng blank figures for the buffers alone wre 12 
and 31 % respoctivcU 

Bcp^accmcnt of tprosinc buonaJogue* Table 4 show 
a U-pical expcnmcnt on the effect of replacing ttTo- 
sme bv phemlalanine or dilu droxa'phcn\ lalnnmo 
Tvrosme vms nctue at 150 /Oi and the other tuo 
mactive at this le\xl but actne at 500 ;iM In all 
cases the d form present m the dl mi-cture appeared 

Table 4 Effects of concentration anti op'ical form of 
aromatic amt no-aads on ocmiination in the presence 
of adenosine and L-olantnc 

(The basal medimn contained 33 m'l pho^plnte pH 7 3 
2 fOi-adenoEine and 500 L-alonme DihvdroTcphcnvl 
tlanine iras stcrihicd as 5 mat solution in 0 02 m HCI b\ 
&nn filtration just before use ) 

Spore count (m 0-05 ml ) after 30 min 
at 35' with 


Spccificilii of alanine Tlie stereochemical specifi- 
city ofthecnantiomorphsofalnnine has already been 
indicated since it vras neccssan to replace dl- 
alamne b\ its L component before gerrmnation was 
obsen cd m a sa-nthctic medium Table C shows that 

Table 6 Spccificitij of L-alantnc in promoting 
germination in the presence of adenosine and tgrosinc 

(The ba^l medium contnmed 33 mM phosphate, pH 7 3, 
1 5 ;iM adcno'uio and 500 /iM tvro’inc The concentrations 
of the additions to the basal medium -were XH,C1 and 
pvruiate, 5 mu ni. lactate and ^alanine, 2 5 mu, i, 
alanine, 0 5 msi ) 


Spore counts 
(m 0 05 ml ) 


Cnnm. of 
add’d 
ammo- 
aad 

(fUl) 

5<vi 

150 

50 


Phcnvl 

alanme 


Tiooune 


DihvdroTi 

phcnilalanmc 


Additions to ba'il medium 

Xonc 

XH.a 

Lactate 

Lactate XH,C1 
PvTUi ate 
Pvrurate XH,C1 


0 mm 

CG4 

047 

(>53 

637 

GOS 

633 

661 


30 mm 
547 
5S9 
596 
572 
5S9 
577 
4S0 


L- 

DL 

L- 

DL- 

L- 

DL- 

L Alanme 

626 

62 

2S6 

313 

17S 

1S3 

337 

2S0 

L Alanme -XHjCl 

641 

34 

410 

425 

332 

2 m 

555 

441 

L Alanme -lactate 

C59 

35 

536 

517 

539 

43S 

5oJ 

459 

L Alanine - pyTuvate 

645 

166 


494 40h,430 


0 

Table 5 Effects of analogues of tgrosinc on 
germination tn the presence of adenosine 
and L-alanine 

(The basal medium contamed 33 mM phosphate pH 7 3 , 
6 fiM-adeno«aie and 500 /esi i.-alaiune Just before use the 
materials added were dissolved m 0 02 n HCI Scitr filtered 
and added to the basal medium contairunc the amount of 
^aOH required for neutralization ) 

ATable counts (m 005 ml ) 


Addition to basal medinm 
(500 fiM) 

Xon” 

fh-odotsTosme 

Tvianmie 

Thvroune 

i j ^^^‘f^^a-phenvlalanme 
Adrenaline 
lu- PhenTlalaimie 
TrTOsine 


Table 7 Inhibition of germination by 'D-alaninc 

(The basal medium contamed 33 mat phosphate, pH 7 3, 
5 fiM adenosme and 500 pat DL-tvrosme ) 

Spore coimt 
(m 005 ml ) 


Alanme 

(fiM) 


D 

0 

16 

60 

150 


Other additions 0 mm 30 ttuti 

Xone 974 SIS 

2>one — S9S 

Xone — 90S 

Xone 914 916 


i 

0 mtn 

30 min 

500 

600 

0 

0 

A one 

Brncine (20 fiC /ml ) 

645 

136 

248 



S-l 

' 

500 

0 

Strvchnme (20 fig /ml ) 

S97 

231 

Spore 

Spore 

500 

15 

None 

— 

403 

596 

546 

494 

441 

500 

50 

Xone 



655 

596 

SOI 

460 

341 

500 

150 

Xone 



836 

ai9 

525 

4S0 

295 

1500 

0 

Xone 



89 

5S2 

537 

4S5 

271 

1500 

15 

Xone 



142 

579 

531 

497 

231 

1500 

50 

Xone 



227 

593 

504 

502 

192 

1500 

150 

Xone 



461 

603 

527 

490 

151 

5000 

0 

Xone 

926 

84 

536 

512 

466 

96 

6000 

15 

Xone 

— 

73 


o have no marked effect on the activita Table 5 
^ effects of some other analogues of tvrosme, 

^ showing some activitv The case of adrenahne, 
'^th activitv of the same order as phena lalanme, 
for special comment smee it showed that an 
'Jnsubstituted a-ammo group was not essential for 
octivitr Controls showed that these compounds 
uenced onlv the spore count after mcubation, 
^nations m the final S—V count and in the mitial 
*■ ^ j spore counts bemg withm the errors of 

random sampling 


6000 

5000 


50 

150 


Xone 

Xone 


910 


111 

3S5 


L alanme was not replaceable bv jS alanme, nor bv 
pvTUvate or lactate, with or without ammomum 
chloride as a source of mtrogen Xone of the last 
three was inhibitory m the presence of l alanme, so 
that inhi bition, as bv d - alanine, did not occur with 
the correspondmg form m dl lactate Reversal of 
D alanme inhibition by L-alamne is shown m Table 7, 
a ratio of 10-30 molecules of promoter to one mole 
cule of inhibitor givmg about 50% germination 
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Controls showed tliat traces of the alkaloids used m 
resolution could not be responsible for the inlubition, 
since m the presence of 600 fm l alanine, 16 /jM-d 
alanine (1 36 fig /ml ) reduced gennmation by more 
than twice as much as 20 fig /ml brucme or strych- 
nine 

InhibUton by other ammo acids Indications of m- 
lubition by glycme and by leucme, isoleucme and 
vahne together had already been seen m determinmg 


1949 

significantly inliibitory at 6 mM, but not at 1 6 mM, 
wlule with D glutamate and dl prolme the m 
hibition at 6mM was barely significant (PkO 05) 
At this concentration D leucme, dl lysme,D phenyl 
alarune and dl threomne showed no significant 
effect Smco d alamne was significantly mlubitory 
(P = 0 01) e\en at 6 /xM, the problem of the weaker 
inhibitions and their relation to stereochemical form 
has not been pursued further 


Table 8 Inhibition of germination by ammo acids 


(The basal medium contamed 33 msi phosphate, pH 7 3, 

Exp no 12346 

Imtial spores (m 0 06 ml ) 1 12 3 17 10 

No replicates Mean count 1017 060 810 610 670 


Added to medium 


Conon Spore count after 30 mm 

Ammo acid (fiii) , ' 


None 

— 

216 

260 

307 

200 

76 



204 

237 

287 

221 

96 



198 

— 

— 

208 

— 


D Alanme 

1 6 

— 

642 

— 

330 

— 


6 

— 

670 

728 

400 

— 


20 

— 

— 

809 

410 

— 


00 

944 

— 

— 

— 

— 


200 

904 

— 

— 

— 


Glycme 

1600 

030 

— 

— 

329 

— 

6000 

1017 

— 

— 

427 

— 

nii-Methionme 

1600 

— 

— 

674 

— 

186 


6000 

— 

— 

783 

— 

362 

D Vahne 

1600 

283 

267 

— 

— 

— 


6000 

403 

640 

— 

— 

— 

DL Cysteme 

1600 

— 

— 

106 

— 

90 

6000 

— 

— 

000 

— 

480 

D Glutamate 

1600 

93 

307 

— 

— 

— 


6000 

217 

341 

— 

— 

— 

DL Prolme 

1600 

— 

— 

380 

169 

— 


6000 

— 

— 

096 

170 

— 

D Leucme 

6000 

196 

194 

— 

— 

— 

DL Lysme 

6000 

— 

— 

210 

122 

— 

D Phenylalanme 

6000 

272 

106 

— 

— 

— 

DL Threomne 

6000 

— 

— 

— 

98 

202 


the constituents responsible for gennmation m the 
origmal synthetic medium containing nmeteen 
ammo acids Observations were therefore made 
(Table 8) with a number of dl and (where available) 
D ammo acids, m a search for further examples of 
inhibition correlated with stereochemical form 
Highly significant inhibitions (P < 0 02 for equal or 
greater effect m the same direction due to chance) 
were observed both at 1 6 and 6 mM only with glycme 
and DL methiomne DL-Cysteme and d - vahne were 


psi adenosine, 300 pM l alamne and 300 pji DL-tyrosme ) 

0 7 

12 10 

493 402 


Probabdity Spores 
of greater correspondmg 
difference to probits 




Probit final spores 

m one 


(%) 





direction 


A 



( 

Weighted 

1 



36° 



due to 


Differ 


^ 

mean 

8 E 

chance 

]ilean ence 

174 

45 

4 40 

014 

— 

27 

± 7 

164 

33 








Weighted 







mean 







difference 





160 



+ 0 39 

0 32 

012 

42 

+ 14 

262 


+ 086 

0 36 

0 010 

60 

+33 

— 

_ 

>1 67 

0 38 

<0 001 

83 

+60 



— 

+2 29 

1 33 

0 020 

96 

+ 69 

— 

— 

+ 2-05 

0 98 

0 024 

95 

+ 08 

, 

- 

+0 94 

0 32 

0 003 

03 

+36 

— 

— 

>1 95 

0 30 

<0 001 

91 

+ 64 

__ 

__ 

+0 71 

0 32 

0 017 

64 

+ 27 

— 

— 

>1 49 

0 30 

<0 001 

81 

+ 64 





+ 0 18 

0 24 

0 23 

33 

+ 0 

— 

— 

>1 07 

0 25 

<0 001 

08 

+41 


__ 

-0 31 

0 24 

Oil 

18 

- 9 

— 

— 

+ 1 28 

0 46 

0 004 

76 

+48 

174 

66 

-OOS 

0 21 

0 36 

24 

- 3 

154 

36 

+ 0 38 

0 22 

0 047 

41 

+ 14 

264 

49 

+ 0 10 

0 22 

0 24 

33 

+ 0 

412 

113 

+ 0 40 

0 29 

0 062 

44 

+ 17 





-0 10 

0 24 

034 

24 

- 3 

343 

44 

-0 13 

0 22 

0 28 

23 

- 4 





-0 01 

0 23 

0 49 

27 

0 

314 



+ 017 

026 

0 20 

33 

+ 0 


DISCUSSION 

The most strikmg feature of this work is the lugh 
specificity of l alamne m promotmg germination 
and the inhibition by its enantiomorph No such 
specificity was shown by tyrosme winch was re 
placeable m some degree by related compounds, the 
carboxyl and unsubstituted ammo groups not bemg 
essential for activity The activity of the L form was 
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not changed Bignificantlv \\licn supplied bj the 
synthetic nL-compoimd 

Tlie small molecular mtio of n alnnino required 
to minbit the notion of the L fonn ns especinllv 
remnrhnblo smee inhibition of microbiologicnl pro 
cesses by stnictuml nnnlogucs usunlh requires mnnj 
molecules of inliibitor to one of promoter, o g 6000 
for sulphonnmides nnd p nminobenronto (Woods, 
1940) In tho metabolism of nmmo acids b^ nnimal 
tissues, there nro vrcll known examples of the occur 
rence of inhibitions b\ ennntiomorplis nt concen- 
trations compamblo to that of the substrate, o g 
synthesis of glutamine (Ivrebs, 1036), deamination 
ofhistidme (Edlbnclicr, Baur Becker, 1040) In 
bactenal chemistry, on tho other hand, tho use of 
synthetic nn ammo acids as standards in micro 
biological assa^ (for ro\no'vyeoo Snell, 1045a), to avoid 
active impurities of biological origin, lias shown that, 
m general, only the i, forms ha\ o been metabolized, 
the antipodes bemg mert rather than mhibitorx In 
some cases the D form maj act ns a supplement for 
the L form, but this usunllj occurs onlj to a limited 
extent and requires tho presence of sufficient n form 
to initiate growth (for renew see R3 don, 1948) Tlio 
only species of micro organisms which hn\ 0 so far 
been shown to bo inhibited bj ’ d ammo acids are 
LacidlactUus arabinosua {Lb planlantm) (Flmg 5- 
Fox, 1945) andEachmchia coh (Kobayashi, Flmg 
Fox, 1948) Acid production by the former, growing 
m a synthetic medium, was inhibited by D loueme 
and D valme at concentrations of the order 200 fold 
that of the L-forma essential for gro-wth Tlie latter, 
growmg m nutrient broth, was inhibited 80-90 % by 
60 niM D leueme, 80 imi v vahne, 120 ruM glycme or 
140 mil D alanme Lb arabtnosus was also mliibited 
by glycme at such high concentrations The present 
work on germmation shows that these ammo acids, 
except D leueme, were inhibitory at 6 mir, as were 
nn-cysteme and dl methiomne also, but d alanme 
was outetaudmg by inhibitmg even at 6 /iii The 
inhibition of growth of B anthracia by unbalanced 
concentrations of leueme, isoleucme and valme was 
not due to the d forms (Gladstone, 1939), but with 
®*niQar inhibitions due to norleucme, serme or 
threonme the effect of antipodes was not mvesti 
gated, nor was this done with the inhibition of growth 
0 Streptococcus laetts mvestigated by Snell & 
inrard (1943), who also found glycme and ^ alanme 
be inhibitory With this last named organism, and 
Lb easel (Snell, 19466), d alanme not only 
ed to inhibit, but at a sufficient concentration, 
nnimated the need for pyndoxme m growth and m 
i^versmg the mhibitions by other amino acids above 

mentioned 

Even m the case of B anihracis, the inhibition by 
alanme was confined to the germmation of spores, 
was not inhibited significantly Gladstone 
' ) grew six strains satisfactorily m an ammo acid 


medium conlnmmg dl nlanmo, and although the 
strain used m tho present work roqmred supple- 
mentation of Gladstone’s medium with anourm, 
growtli was then obtained m tho presence of dl 
alanine, o\ on though tho proportion of spores which 
germinated w ns not detected bj’' vnable counts 

It mnj bo concluded that irdiibition by stereo 
isomers of ammo acids is rare m bactenologicnl 
chomistn nnd that elucidation of tho reason for this 
strong inhibition bj' D alanme, tho simplest ammo- 
ncid capable of showing optical isomonsm, might 
lin\o some bcnnng on tho design of antibacterial 
agents of therapeutic v nine (cf Work, 1948) In this 
cormoxion, it may be recalled that only the d form 
of pcmcilhnnmmo hydrochlondo ga\ e rise to active 
pcmcillms on condensation with nppropnato oxazo 
loncs (quoted by Du Vignenud, Carpenter, Holley, 
Lnermoro A Rncholo, 1940) At present no reason 
can bo offered for tho importance of the two forms of 
nlanmo m promotmg nnd inlnbitmg germmation 
since cxistmg knowledge of tho metabohsm of spores 
(Ruchlo, 1923, Cook, 1931, Tnrr, 1033, Virtanen & 
Pulkki, 1933, Keilm & Hartree, 1947) docs not in- 
clude their action on nmmo acids 

smniABY 

1 Tlie germination of spores of a virulent stram 
of Bactlhis anthracis has been studied by means of 
viable counts, and the nmmo acid requirement has 
been determmed 

2 Slow germmation occurred m phosphate buffer 
at pH 7 3, but was greatly stimulated by 600 pM l 
alanme, 600 pM-L tyrosme and 2 pM adenosme 
together 

3 L Alanme was not replaceable by related com- 
pounds and its action was strongly mlubited by 
D alanme at a concentration 0 03 tunes that of its 
antipode Tlie inhibition was reversed by mcreasmg 
the proportion of the l form 

4 L Tyrosme was replaceable by related com- 
pounds with httle decrease m efficiency, none of the 
groups — ^phenohe hydroxyl, ammo and carboxyl — 
bemg essential for activity Its activity was not 
suppressed when supphed as DL-tyrosme 

6 Of seventeen other ammo acids tested, none 
showed significant stimulation of germmation 
Glycme, dl methiomne, dl cysteme and dl vahne 
showed inhibition, but only at concentrations 1000 
tunes that at which d alanme inhibited 

It gives me much pleasure to thank Dr D W Henderson 
and Dr D D Woods for careful cnticiBin of this paper The 
expenmental work was earned out with the teehmcal 
assistance of Cpl W Bafley, R Ail C , whde the author was 
a member of the Soientifio Staff, Medical Research Council 
Permisaion to publish has been granted by the Chief 
Scientist, Ministry of Supply 
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Studies m Vitamin A 

14 THE ALLEGED MOBILIZATION OF VITAMIN A BY ADRENALINE 

By T W GOODVTN and A A VTLSON 
Department of Biochemistry, University of Liverpool 

{Received 13 June 1949) 


In 1940 Young & Wald reported that the injection of 
adrenaline into a rabbit was followed by a very 
marked mcrease m the blood vitamin A level, which 
reached a maximum approximately 30 mm after 
mjection In view of its possible importance m 
helpmg to elucidate the mode of action of vitamm A 
and the possible clmical unphcations, the effect has 
been remvestigated usmg both rats and rabbits as 
experimental animals 

EXPERIMENTAL 

Animals Rabbits were kept m a constant environment 
and given an unvarying diet of Lever’s cubes and outer 
leaves of cabbage, rats were mamtamed similarly except 
that they were not given cabbage 

Dosing The required dose of adrenalme was mjected 
mtrapentoneally mto rats and mtravenonsly mto a margmal 
ear vem of rabbits 

Collection and examination of blood The samples of rat 
blood were withdrawn by cardiac puncture usmg a method 
previously desonbed (Glover, Goodwm A Morton, 1946) The 
samples of rabbit blood (approx 10 mL) were withdrawn 
without anaesthesia from a margmal vem of the ear not used 
for the mjection of adrenalme 

In most experiments the plasma a as separated from the 
red cells and exammed for vitamm A esing the method 


developed m this laboratory (Glover et al 1946, Goodwm A 
Gregory, 1948) In some experiments whole blood was used 
and extracted accordmg to the method of Young A Wald 
(1940), but the extract was exa min ed for vitamm A usmg 
our method 

RESULTS 

Rabbits The results of the rabbit expeninents are 
collected m Table 1 It wiU be seen that adrenaline 
has no appreciable effect on the xntamin A plasma 
levels of rabbit, and an analysis of the data usmg 
the t test mdicated that the differences are not 
significant 

Young & Wald (1940) used whole blood for their 
vitamm A tests, but as it is now well established 
that under normal cirourastances no vitamm A 
exists m the red cells, most of our experiments were 
earned out on blood plasma There was, however, a 
possibility that adrenahne mobihzed vitamm A mto 
the red cells and that this would account for Young 
A Wald’s results To check this, two experiments 
were earned out m which whole blood instead of 
plasma was exammed for vitamm A, agam no 
mobihzation was apparent 

Rats Wlien rats were used the experimental 
approach had to be altered shghtly The volume of 
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Table 1 The action oj adrenaline on the blood 
Icicle of vilaimn A tii rabbits 

Interval 

between 


injection Vitamin A plasma values 
Dose of and with (i n /lOO ml ) 


Ammal 

1/1000 

adrenalmo 

dmwal of 
blood 

^ 

Before 

Alter 

no 

(ml) 

(min ) 

injection 

injection 

C 

10 

120 

216 

226 

120 

10 

30 

213 

211 

120 

05 

30 

213 

103 

134 

10 

10 

224 

221 

81 

10 

35 

221 

262 

113 

10 

10 

218 

234 

161 

06 

30 

204 

180 

167 

05 

30 

82 

71* 

130 

06 

30 

55 

46* 


* The vnlnes m these two expenments are those obtained 
using whole blood instead of plasma only 


blood required for each test vms more than it was 
possible to draw from the same animal before and 
after injection of adrenaline Consequently, groups 
of rats (about six per group) of the same sex, age and 
nutritional background were used, one group was 
injected with adrenahne and the other served as a 
control The ntamm A plasma level of each rat was 
detennmed separately and the mean values for the 
two groups compared It will be seen from Table 2 
that no significant differences could be demonstrated 
between the control groups and those treated with 


of \ itamin A (Glover cl al 1940), thus any substance 
which can mobihro vitamin A alcohol into the blood 
from tho mainly cstorificd hvor reserves might bo of 
considerable importance chrucally Clausen, Baum, 
McCoord, Rjdcon A Breose (1940) claimed that 
ethanol mobihrnd vitamin A m dogs and later tho 
same group of workers (Clausen, Breeso, Baum, 
McCoord A Rvdeen, 1941) stated that drinkmg 
liquor to tho extent of ‘the usual “social” evemng 
common m this country’ (USA) raised the vitamm 
A plasma levels of humans Brenner A Roberts 
(1943) also foimd a rise m humans However, not 
only hav o British mv estigatora failed to observ'e any 
nso after administration of ethanol (Yudkm, 1941, 
Hume A Krebs, 1949), but the increase recorded by 
tho Amoncan mv cstigators was almost entirely due 
to estenfied vutomm A (Clausen, Baum, McCoord, 
Rj deen A Breeso, 1942), so that any such rise would 
apparently serv e no useful therapeutic purpose This 
raised the question whether the surpnsmgly large 
mcrease m tho vitamm A level of plasma after 
adrenalme mjoctions reported by Young A Wald 
(1940) — a doublmg withm 30 mm — was m the alcohol 
or the ester fraction 

We could not test this pomt, however, as we were 
unable to reproduce Young A Wald’s results, no 
mobilization of vitamm A was apparent m either 
plasma or red cells It is impossible at the moment 
to offer any explanation of tliese contradictory 
results 


Table 2 The action of adrenaline on the plasma levels of vitamin A in rats 



Dose of 1/1000 

No of rats 


adrenahne 

A 

r \ 

Exp no 

(ml (rat) 

Control group Test groap 

1 

06 

7 7 

2 

06 

10 3 

3 

06 

8 4 

4 

05 

4 4 


Interval between 
mjection and 
withdrawal of 

Mean vitamin A plasma levels 
(i n /lOO mb) 

t 


blood (min ) 

Control group 

Test group 

30 

49 9 

49 8 

60 

36 8 

40-4 

16 

38-0 

467 

14 

61 7 

61 7* 


643 

66 8 


66 3 

68 8 


67 1 

61 7 


Mean 62 3 64-7 

* The resnlta of Exp 4 are recorded in detad to lUuatrate the usual vanations found between plasma levels of rats of the 
saine group 


adrenahne It should be noted that the vanations 
between tbe values obtamed on rats m a smgle group 
are quite small, and could thus m no way mask an 
effect as large as that encountered by Young & Wald 
(1940), to illustrate this the mdividual results are 
quoted for Esp 4 (Table 2) 

DISCUSSION 

Owmg to the existence of a blood hver eqiuhbrium 
the plasma levels of vitamm A alcohol (the functional 
form) are only shghtly raised even after large doses 


SUMMARY 

1 The claun that mtravenous mjeotion of 
adrenahne mto rabbits mobilizes liver vitamm Amto 
the blood has not been confirmed 

2 Similar negative results were obtamed with 
rats 


- — US (n_a.vv liras in 

rempt of an Animal Health Trust Fellowship The investi 
ga lo^f w^oh this forms a part have been assisted by the 
Juoustiy of Food and the Medical Research CounciL 
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The Intermediary Metabolism of the Mammary Gland 

1 RESPIRATION OE LACTATESTG 14AMMARY GLAND SLICES 
IN PRESENCE OF CARBOHYDRATES 


By S J FOLLEY and T H FRENCH 
National Institute for Research in Dairying, University of Reading 


{Received 3 February 1949) 


Studies of the respiratory exchange of the mammary 
gland ha^ e hitherto been confined to rummants m 
which the arteno venous method can convemently 
be apphed to the udder Though blood \’elocity data, 
which are difficult to obtam, are necessarj^ to con\ ert 
arteno venous differences m oxygen and carbon 
dioxide into absolute values for uptake and output 
respectively, the respiratory quotient (n q ) can be 
obtamed without blood flow measurements 
Results m the goat (Graham, Houchm, Peterson 
A Turner, 1938, Remeke, Stonecipher & Turner, 
1941), and cow (Petersen & Shaw, 1942, Shaw, 1946) 
pomt to an B Q greater than umty for the lactatmg 
udder, which has been mterpreted (Graham ef al 
1938, Remeke, Stonecipher & Turner, 194rl) as in- 
dicatmg the formation of milk fat, more specifically 
of the short cham fatty acids (Remeke, Stonecipher 
& Turner, 1941), from carbohydrate 
In many of the above senes of determmations, at 
any rate those on non anaesthetized animals, the 
mdividual values were rather vanable, and mdeed 
the high vanance of their results occasioned com- 
ment by Petersen & Shaw (1942) However, a smaU 
series of detemunations on cows m this laboratory 
(Bottomley & FoUey, unpublished results), m which 
the blood samples were protected against gas ex 
change during and after collection by use of the 
apparatus of Austm, Cullen, Hastings, McLean, 
Peters & Van Slyke (1922), were satisfactorily 
uniform, givmg a mean bq =125 ±0 12 (96 y 
fiducial limits) m cases where no haemoconcentra 
tion, mdicatne of mampulative disturbance of the 
subject, occurred during blood samplmg When 
sigmficant haemoconcentration occurred the b q 
was usually less than umty 
Workmg on anaesthetized goats, to mmimize the 
nsk of disturbance dming blood samplmg, Remeke 
Stonecipher & Turner (1941) obtamed a fairly umfoml 
Mries of \ alues, but the mean b q (1 09) could hardly 
be consideredsigmficantly greater thanumty, thouch 
It was rais^ to 1 18 by applying, foUowmg the pm 
^ent of Graham et al (1938), a correction for CO, 
behe% ed to be used for the synthesis of urea by the 
udder ^ regards anaesthetized cows, a senes of 
^ allies obtomed bv Shaw (1946), which gave a mean 

E Q of 1 27, was perhaps not as umform as would 
bo desirable 

Biochem 1949, 46 


In sum it might fairty be said that wlule there is 
a certam amount of evidence suggesting a lugh e q 
for the lactatmg nimmant udder tn tnvo, it is by no 
means as clear cut and conclusive as nught be desired, 
particularly m view of cnticisms which have been 
levelled agamst the arteno venous techmque as 
apphed to the udder (Kay, 1947, FoUey, 1949) 
Because of tlus, and because e q values reported for 
the perfused isolated bovme udder have been less 
than umty (Shaw, 1939) or hardly significantly 
greater (Petersen & Shaw, 1942), an mvestigation 
of the respuatory metabohsm of the lactatmg 
mammarj' gland by the tissue shoe method appeared 
to be of mterest Tlus was the more so because, 
although mammary gland shoes have been used for 
studying lactose formation tn iniro (Grant, 1936, 
1936, Knodt & Petersen, 1946), the only tn intro 
study of the respiration of mammary tissue known 
to us IS that of IGeiber, Smith & Levy (1943), who 
used ‘portions’ of mammary tissue which evidently 
were not shoes m the accepted sense, and who did not 
detennme e q The tissue shce method has the 
advantages that it is applicable to aU mammals, thus 
enabling the nimmant udder to be compared with 
the mamma of the non nimmant, and it can be used 
for studies of phases of mtermediary metabohsm 
which are hardly open to attack by the arteno 
venous method The results of an mvestigation of the 
respuation of mammary gland slices from vanous 
species, metabolizing carbohydrates, are given m the 
present paper Part of this work has already been 
pubhshed m preliminary form (FoUey A French, 
19480, b) 


METHODS 

Animals Most of the experiments were earned out on 
mammary tissue from rats, two strains of which were used, 
WiBtar and hooded Norway The majonty were autopsied 
at the height of lactation (16th— 21st days) as were also most 
of the mice (Swiss stram) used Groups of rabbits (Dutch) 
were killed on the 7th and 25th-28th days of lactation and 
gnmea pigs on the 10th-12th days The animals were kdled 
by dislocation of the spmal cord and mammary tissue 
immediately removed, the Utters being aUowed to suckle 
nght up to the time of death 

Udder tissue was obtamed from lactatmg goats, mostly 
crossbreds bought m, but m a few cases from pedigree Bntish 
Saanens of the Institute herd. UsuaUy the goats were shot 


8 
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and the tisane removed immediately, m three cases pieces 
of tisane for shcmg vere removed fern hvmg goats nnder 
cyc/opropane anaesthesia The acqmsition of authentic 
laotatmg udder tissue fixim cows givmg adequate yields of 
milk presents much more formidable difficulties smce cows 
are not normally slaughtered while m milk We wore, how 
ever, able to obtam tissue from a few cows culled from the 
herds of the Institute or the Umversity of Reading, four of 
them giving about 10 lb of milk daily and all mdked 
regularly up to slaughter 

Mammary glandshces Inthe case of rata, mice and rabbits, 
abdommal* mammary glands were taken, except m one 
expenment on rats (see p 119) m which only thoracic glands 
were available Because of the structure of mammary tissue, 
which consists of lobules of alveoli bounded by septa of 
tough, elastic connective tissue, smtable thm shces of 
laotatmg mammary gland are difficult to cut by the usual 
methods It was, however, possible to cut satisfactory shces 
less than 0 4 mm thick by means of tbe microtome of 
Stadie <L Riggs (1944) On removal from the microtome 
the shoes, if straightened out by forceps ou a flat surface, are 
seen to be of such irregular, lacy form, consistmg of small 
pieces (presumably lobules) of alveolar tissue attached to a 
network of connective strands, that the area cannot be 
measured, thus precluding determmatlon of thickness by 
the usual method The more or less constant shoe thick 
ness given by the microtome was therefore deter min ed as 
usual on hver shoes cut under sumlar conditions A shoe 
thickness of 0 4 mm or less seems to be necessarv for work 
with mammary gland smce shoes about 0 6 mm thick give 
a lower Qoj 

Quotients {Qo^, QoOi> Qua) calculated m pi /mg final 
dry wt /hr , they were not calculated on the basis of imtial 
dry weights, as recommended by many workers, because 
laotatmg mammary tissue returns considerable quantities 
of milk m the alveoh (FoUey & Greenbaum, 1947) Milk is 
leached out from the shoe dunng a manometno expenment, 
as evidenced by the mcreasmg opacity of the medium, and 
although no attempt has been made to detemune the final 
milk content it seems unlikely that much would remam m 
a thm shoe under these conditions The final dry weights of 
the shces were thus used for the calculation of the quotients, 
and errors due to the presence of small amounts of milk at 
the end of the experiments would tend to compensate for 
those due to loss of tissue fragments dunng shaking In 
actual fact, mammary gland shces, though lookmg rather 
fragile and mdeed tattered, did not show any tendency to 
break up during the experiments 

Cow udder shces were cut at the abattoir, placed m 
Ringer bicarbonate (gassed with 96% Oj, 6% COJ at room 
temperature and at once brought to the laboratory The 
extra delay from animal to manometnc flask was about 
10 min 

Dupheate determinations on different shces from the same 
piece of tissue mostly showed satisfactory agreement, though 
occasionally there were larger differences (e g Fig 3), 
probably due to the presence of different proportions of 
parenchyma and stroma m the shces The presence of non 
secretory tissue, as well as the above mentioned ‘ milk error’. 


* In this paper the word ‘abdominar as apphed to 
mammary glands refers to the two abdominal and four 
mgmnal glands 
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would not affect b q , but would cause some underestimation 
of other quotients 

Manometnc methods All expenments were done at 37° 
E Q . <3o, End were determmed by the method of 
Dickens A Simer ( 1931 o) over 3 hr usmg Dickens A GreviUe 
(19336) flasks The medium was the Rmger bicarbonate of 
Krebs A Hcnsoleit (1932) and the gas mixture 95% 0|, 
6% CO, In some expenments 0, uptake was measured m 
Rmger phosphate usmg ordmary IVarbuig flasks and pure 
0, For determmations of anaerobic acid production the gas 
mixture was 95%N,,6%C0, passed over hot Cu foil The 
Warburg vessels contamed 2 5 ml of Rmger bicarbonate 
and were gassed for 16 mm before the taps were closed. 

With few exceptions determmations were m dupheate 
In most expenments one or two shces (total 80-100 mg ) 
were used, but in the case of bovme udder tissue it was 
necessary to use more tissue to get a sufficient rate of gas 
exchange 

RESULTS 

Bate oj oxygen uplahe 

Typical experiments on gland from a fully laotatmg 
rat are shown m Figs 1 and 2 The tissue shows an 
appreciable 0, uptake m Rmger phosphate (pH 7 4) 
m absence of substrate, and the rate falls off gradually 
over 3 hr With glucose (0 2 %) present from the 
outset the respiration rate was much higher and 
Imear over 3 hr (Fig 1), while if the glucose was 
added from a side arm after 60 mm the tissue 
could still respond with an unmistakable enliance 
ment m uptake (Fig 2) The marked effect of glucose 
on the respiration rate of this tissue is m accord with 
the relative lack of reserve carbohydrate, as emdenced 
by our unpublished observations of the low glycogen 
content of rot mammary gland (see Folley, 1949) 
and by the non utilization of lactose (see p 120) 

Bespiration of rat mammary gland in 
presence of glucose 

The results obtamed with rat mammary gland m 
the presence of glucose are summarized m Table 1 
The fully lactatmg gland, i e at 16-21 days of 
lactation under laboratory conditions (see below), 
shows m the presence of glucose a fauly lugh Qq, 
(9-10) which is almost double the endogenous value 
Analysis of data obtamed at different stages of 
lactation, mostly to be presented m a subsequent 
paper, mdicated no great change m Qq over the 
period 16-21 days, so that data for rats killed withm 
this period have been pooled throughout 

Tlie question of the amount of substrate needed 
for 3 hr expenments on mammary tissue needs con- 
sideration, because this tissue may utilize glucose 
for synthesis of lactose, and possibly fat, as well as 
for oxidation The effect of glucose concentrations 
varymg from 0 1 to 1 0 % was therefore mvestigated 
in a senes of expenments m which the effect of each 
glucose concentration was compared with that of 
0 2%, the standard concentration adopted at the 
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outset of this "work, on duphcate slices from the same 
animal There was no evidence that glucose con- 
centrations greater than 0 2 % were more effective 
m mcreasmg the total respiration over 3 lir (see 
Table 1 for results with 0 2 and 0 3 % glucose 
respectu ely), but m order to allow an ample margin, 
0 3 % glucose was adopted for the later experiments 
Results with 0 2 and 0 3 % glucose (or other carbo 
hydrate) were pooled whenever necessary m com- 
piling the Tables given m this paper 



Fig 1 Oxygen uptake ofmammaty gland shoes from rat on 
nmeteenth day of lactation- Upper curve 0 2% glucose 
present from the outset, lower curve no substrate 
Temp 37°, pH 7 4, phosphate buffer, atmosphere, 
100 % 0 , 

Table 1 mcludes results for a group of rats m which 
shoes were cut from thoracic glands because the 
abdommal glands were required for another purpose 
We consider the thoracic glands to be less suitable 
for metabohc work than the abdominal glands 
because they tend to be less suckled, and therefore 
might lactate less actively, and because they are 
mterlaced with strands of muscle tissue Neverthe 
1^, the mean was, if anythmg, slightly higher 
than for abdommal glands (Table 1) 

Combmmg the data for three groups of rats lolled 
at 15-21 days (Table 1), the mean— for thirty- 


nme rats is 9 3 ± 0 2 (Table 2) The results (Table 1) 
shou some mdication that the Qg^ m early lactation 
(3-6 days) is lower than durmg the last third of the 
21 day lactation period, as was found by Kleiber 
etal (1 943) provided that their results were calculated 
on a dry tissue basis These observations led us to 
make the above mentioned detailed study of changes 
m the respiration of mammary tissue at various 
stages of lactation 

The results (Table 1) show clearly an unusually 
high B Q for rat mammary slices at the height of 



Fig 2 Oxygen uptake of mammary gland shoes from rat 
on nineteenth, dav of lactation Upper curve 0 2% 
glucose added from side arm at arrow, lower curve no 
substrate Temp 37°, pH 7 4, phosphate buffer, stmo 
sphere, 100% Oj 

lactation, the mean value for the thirty nme rats 
kill ed at 16-21 days bemg 1 63 ± 0 02 (see Table 2) 
This happens to be double the value (0 77 ±0 03, 
for ten rats) obtamed m the absence of substrate 
(Table 1) loser (1942) has criticized the validity of 
B Q determmations on tissue shoes over periods as 
long as 3 hr However, there seems to be no reason 
to doubt the accuracy of our values on these grounds, 
smce m experiments with rat mammcuy gland shces 
m which the curve expressmg the resultant of O 2 
uptake and COj output (the ‘composite curve’ of 
Elhott, Greig & Benoy, 1937) was studied over 3 hr , 


Ho of 
rats 


2 

10 

3 

20 

if 

3 


Table 1 

Stage of 
lactotion 
at autopsy 
(days) 

0 and 12 
15-21 
3-0 

15- 21 
17 

16- 21 
22-25 


Respiration of laciating rat mammary gland slices in presence of glucose 


— Qoi 

(jil /mg final dry wt /hr ) 


Substrate 

Nil 

Nil 

Glucose (0 2%) 
Glucose (0 2%) 
Glucose (0 2%) 
Glucose (0 3%) 
Glucose (0 2 or 0 3%) 


EQ 


Mean* 

Range 

iMean 

Range 



4 6, 6 6 

— 

0 73, 0-68 

6 3±0-3 

4 1-7 8 

0 77±0 03 

0 66-0 92 

66 

3 6-7 7 

1 47 

1 37-1 66 

01±03 

6 8-11 6 

1 63±0 03 

1 31-1 86 

9 0±04 

7 8-11 2 

1 61 ±0-03 

1 33-1 67 

9 3±0 4 

6 3-119 

156±0 03 

1 41-1 73 

93 

6 9-11 1 

129 

1 11-1 44 


t Shcesfromthor:?ro“laX:f:S“^^^^^^ 


8 2 
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COj output e-^ceeded O2 uptake from the outset, and 
the curves "were linear over most of the period only 
showmg a shght faUmg off towards the end This 
latter pomt would mdicate that our n Q ’s were if 
anytliing underestimated 

Respiration of rat mammary gland slices tn 
presence of various sugars 

The respiration of mammary gland slices from 
ratskilledat 16-21 daysoflactationwasm-vestigated 
m the presence of a number of carbohydrates In all 
experiments substrate concentrations were 0 2 or 
0 3%, except m the case of lactose which was used 
m 0 4 or 0 6 % concentration Tlie results are gi\ en 
m Table 2 

Of the sugars studied, which mclude those known 
to be of outstandmg importance m mammahan bio 
chemistry, mannose was the only one besides glucose 


1949 

in the rat, some representatives of each form (mouse, gnmea 
pig, rabbit) were taken early m lactation, but after milk 
secretion could be considered as well established, while 
others were taken some days later (see Table 3) but, it was 
behoved, before lactation began to declme because of gradual 
self weamng of the young In the case of the mouse, the 
second group were killed at 16 days by analogy with the rat 
and it seems probable that these glands were m full lactation 
The gumea pig presented most difficulty because its young 
are capable of fending for themselves at birth so that the 
demands on, and functional response of) the mammary gland 
in the gmnea pig under laboratoiy conditions are qmte 
problematical 

For the goats, most of which were purchased (m milk), the 
stages of lactation were unknown save m four cases, aU of 
which were m fairly advanced lactation Smee lactatmg 
goats bought m the autumn, as these were, are most likely 
to have kidded dnnng the previous February or March, the 
results may be taken ns typical for the udder of the goat after 
eight or more months’ lactation With three of the four goats 


Table 2 Respiration of lactatmg rat mammary gland slices in presence of various carbohydrates 

(All rats killed between 16 and 21 days of lactation and all slices taken from abdommal glands except m eight of the 
experiments with glucose m which thoracic tissue was used Substrate concentrations 0 2 or 0 3 %, except for lactose which 


was 0 4 or 0 6 % ) 


Substrate 

No of exps 

Absolute 
(pi /mg final 
dry wt /hr ) 

D Glucose 

39 

93±02 

D Galactose 

3 

63 

D Mannose 

4 

97 

D Fructose 

3 

69 

li Sorbose 

1 

68 

D Glucose 1 phosphate 

1 

72 

N Acetylglucosamme 

1 

44 

Glucosamme 

1 

64 

n-Arabmose 

1 

69 

D Arabmose 

1 

60 

D Ribose 

1 

49 

D Xylose 

1 

46 

n-Rhamnose 

1 

60 

Lactose 

3 

64 

Maltose 

1 

65 

CeUobiose 

1 

68 

Sucrose 

1 

65 

Raffinose 

1 

41 

Glycogen 

1 

67 


to be utilized by lactatmg mammary gland shces, as 
evidencedby a equal to that shown m thepresence 
of glucose and by an e q greater than umty In 
a few cases (lactose, fructose, sorbose), m which the 
endogenous respiration was studied on dupheate 
shces, Qoj was not moreased m presence of the sugar 

Respiration of mammary tissue of various species 
in presence of glucose 

In studying the respiration of lactatmg mammary tissue 
from various species the question arose when to till the 
animals so as to ohtam frilly lactatmg tissue Smee the course 
of lactation m the other common laboratory mammals, with 
the possible exception of the mouse, is less weU known than 


~Qoi 


E.Q 

X 

Percentage of value 
given by another 
Bhce from the same 
animal m presence 


\ 

Percentage of value 
given by another 
shce from the same 
animal m presence 

of glucose 

Absolute 

of glucose 

— 

1 63±0 02 

— 

61 

0 78 

68 

96 

1 65 

102 

71 

0 78 

53 

69 

0 63 

39 

69 

0 96 

69 

44 

0 89 

67 

62 

084 

63 

68 

0 68 

46 

48 

0 78 

46 

53 

0 72 

42 

36 

0 77 

46 

70 

0 80 

60 

66 

0 79 

67 

80 

086 

67 

72 

0 73 

49 

53 

0 82 

62 

48 

0 88 

65 

62 

0 70 

43 

(pedigree animals fi*om the Institute 

herd) whose kidding 

dates '^ere known, mammary tissue 

was removed under 


cyclopropane anaesthesia The results for these are given 
separately m Table 3, although there is no evidence that the 
anaesthetic affected the issue Of the six cows avadable, all 
save two were of necessity m rather advanced lactation, 
although four were yieldmg approximately 10 lb nulk/day 
at slaughter In all cases the substrate was 0-3 % glucose 
except for some rats where 0 2% was used 

The results are summarized m Table 3, which 
mdicates that is mversely correlated with body 
size, mouse bemg the most active tissue studied 
l — Qo = 16 0) and cow the least ( — Qo, = 3 6) Aswith 
the rat, e q wes significantly greater than umty in 
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Table 3 Respiration of lactatmg mammary gland slices from various species 
in presence of glucose* 



No of r 


Animal 

Stage of lactation 

animals 

Mean 

Range 

Mean 

Range 

SIonBe 

6 days 

3 

10 5 

8 3-12 0 

1 65 

1 62-1 80 


16 days 

6 

16 Oil 0 

13 3-19 0 

1 94±0 07 

1 66-2 11 

Eat 

16-21 days 

39 

9 3±0 2 

0 3-11 9 

163±0 02 

1 31-1 86 

Guinea pig 

6 days 

1 

96 

— 

106 




10-12 days 

6 

9 0±0 4 

8 3-10 0 

1 17±0 06 

1 01-1 32 

Eabbit 

7 days 

0 

6 6±0 3 

6 2-7 2 

146±0 05 

1 28-1 60 


25-28 days 

3 

68 

36-82 

132 

1 21-1 62 

Goat 

Unknown 

8 

4 6±0-3 

32-57 

0 86±0 03 

0 69-0 95 


Advancedf 

3 

57 

60-62 

086 

0 74-0 93 

Cow 

Milk yield approx 10 lb /day 

4 

3 5±0 6 

2 2-4 7 

0 80±0 04 

0 64-0 93 


Milk yield < 6 lb /day 

2 

— 

1 6, 1 9 

— 

0 87, 0 90 


* Glucose concentration 0 3 % except m the case of some rats where 0 2 % was used 
•f Tisane removed imder anaesthesia 


Table 4 Acid production by laciating mammary gland slices 



Stage of 
lactation 


No of 

Qwdi (fJ /™e filial dry wt /hr ) 

A 

r ^ 

Animal 

(days) 

Substrate 

Aerobic* 

eips 

Mean 

Range 

Mouse 

15 

Glucose (0 3%) 

6 

17±0 3 

0 9-2 4 

Rat 

15-21 

Nd 

10 

0 6±01 

0 2-10 

Rat 

15-21 

Glucose (0-2 or 0 3%) 

39 

17±01 

0 8-2 9 

Gumea pig 

10-12 

Glucose (0 3%) 

5 

0 7±0 1 

03-09 

Rabbit 

7 

Glucose (0 3%) 

6 

1 4±0 3 

0-7-2 9 

Goat 

Unknown 

Glucose (0 3%) 

8 

1 6±0 1 

12-2 2 

Cow 

VanouB stages 

Glucose (0 3%) 

Anaerobic']' 

6 

1 7±02 

10-2 3 

Rat 

* 

16-21 

Calculated over 3 hr 

Glucose (0 3%) 

6 

■]■ Calculated 

96±13 

over imtial 30 mm 

7 3-13 8 


the mouse, guinea pig and rabbit , but it was leas than 
unitj m the runnnants, cow and goat Of the non 
ruminants, mouse tissue gave the highest b q , the 
value bemg not significantly less than 2 


Acid production of lactatmg mammary 
gland slices 

Values for the aerobic acid production obtame 
m 3 hr experiments on tissue from various specw 
ore gi\en m Table 4 Under aerobic conditions i 
bicarbonate medium the acid production is nc 
unduly lugh by comparison with other tissm 
(Dickens A Simer, 19316, Dickens A Greville, 1933 a 
and there are no promment species differences Th 
actual gljcolj-sis may be even lower, smce part t 
least of the acid production of mammary tissue ma 
^ due to formation of citric acid (Knodt A Petersei 
1946) or to sj-nthesis of fatty acids 


Anaerobic experiments were earned out on rat 
tissue only Typical experiments m which the rate of 
anaerobic acid production over 3 hr penods was 
studied are illustrated m Fig 3 The imtially high 
rate of acid production falls off steadily over the 
whole penod, hence the values for given m 
Table 4 were calculated from data for the mitial 
30 min durmg which the rate of acid production is 
nearly linear The reason for this steady falhng off in 
acid production under anaerobic conditions is not 
known, exhaustion of the substrate was not re 
sponsible because the addition of extra glucose did 
not prevent it It was not due to tissue damage 
caused by lowermg of the pH of the medium, smce 
in the experiment m which most acid was produced, 
the pH only feU by 0 2 umt over 3 hr As m the case 
of aerobic acid production, it is possible that not all 
of the acid produced under anaerobic conditions is 
due to glycolysis Nevertheless, it seems safe to 
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conclude from these results that mammary tissue 
exhibits a considerable Pasteur effect The curves m 
Fig 3 also illustrate the variation to be expected 
between duplicate slices from the same rat, and the 
lowered acid production m absence of substrate 



Fig 3 Anaerobic acid production of shces of laotating rat 
mammary gland Curves A and B relate to duplicate 
shces from a rat on the fifteenth day of lactation, 
both m presence of 0 3 % glucose Curves C and D relate 
to duphcate shces from a rat on the twenty first day of 
lactation, C with 0 3 % glucose, D with no substrate 
Temp 37°, pH 7 4, Ringer bicarbonate, atmosphere, 
96% N., 5% CO. 

Effect of reduced food intale and adrenalectomy on 
the respiration of mammary tissue in the rat 

The relation between the mtensity of lactation eind 
the respiratory metabolism of mammary tissue is of 
mterest, and it was felt that a study of procedures 
which depress lactation, such eis underfeedmg or 
adrenalectomy, might provide prehmmary informa- 


1949 

tion m this connexion Thoracic mammary tissue 
was available for study from rats which had been 
adrenalectormzed on the fourth day of lactation and 
also from sham operated rats pair fed to the reduced 
food mtake of these, as well as from sham operated 
rats fed ad lib Details of the diet and general 
experimental procedure were as described for a 
si mi lar experiment by Cowie & FoUey (1948) All 
rats were killed on the seventeenth day of lactation 
and the shces were mcubated with 0 2 % glucose 

The results are given m Table 6 Lactation was 
depressed m both adrenalectomized and pair fed 
sham operated rats, markedly m the former and less 
so m the latter, as mdicated by the htter growth 
mdices (Cowie & FoUey, 1947) It is important to 
note that despite this the adrenalectormzed rats and 
the pair fed controls were stiU suckling young at the 
tune of autopsy was sig nifi cantly depressed, 
and, notwitlistandmg the difference m lactational 
performance, to about the same extent m tissue 
from the adrenalectomized rats and from the pair 
fed controls, while on the other hand, the aerobic 
acid production was significantly raised Particularly 
strikmg IS the fact that m tissue from both these 
groups the R Q was reduced to a value not far from 
umty The possibihty that, smce the experiment was 
relatively long term, the mammae of the two groups 
imder consideration had undergone some degree of 
mvolution by the tune of autopsy must obviously be 
considered However, FoUey & Greenbaum (1948), 
m a discussion of the effects of these procedures on 
the mammary gland argmase levels, concluded that 
this was unlikely 

The results mdicate that a period of partial 
mamtion significantly lowers the Qq, of lactatmg 
mammary tissue, mcreases the apparent aerobic 
glycolysis and also depresses the lugh R Q to values 
near umty, 1 e to values mtermediate between those 
given by fuUy lactatmg tissue m presence and 
absence of glucose respectively Moreover, it would 
appear that adrenalectomy per se has no effect on the 
respiratory metabolism of the mammary gland 


Table 6 Respiration and apparent aerobic glycolysis of slices of lactatmg rat mammary gland 

from adrenalectomized and pair fed rats 


( A11 rats operated upon on the fourth day of lactation and kiUed on the seventeenth day Respiration measurements 
made at 37° m presence of 0 2% glucose m Ringer bicarbonate, pH 7 4) 


Treatment 

Sham operation fed 
ad lib 

Sham operation 
pair fed 

Adrenalectomy on 
fourth day of lactation 
fed ad lib 


No 

of 

rats 

Mean food 
mtake from 

4 to 17 days 

(g /day) 

Litter 

growth 

mdex* 

-Qosifdimg final 

dry wt /hr ) R Q 

A A 


Q^i (fd /“S final 
dry wt /hr ) 

A 

( > r 

Mean Range Mean 

Range 

Mean Range 

8 

36 7±1 02 

13 0 

9 9±0 4 7 8-11 2 1 61±0 03 

1 33-1 67 

18±0 2 12-2 6 

:i 

24 1±0 66 

112 

6 1 

8 0±0 3 6 0-8 9 105±0 04 

7 6±0 3 6 7-8 8 0 95±0 08 

0 85-124 

0 70-1 24 

4 4±0 4 2 3-6 9 

3 0±0 3 17-4 6 


• See Cowie & FoUey (1947) 
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DISCUSSION 


The results presented m this paper show that, as 
might be expected from its outstanding synthetio 
activity, lactatmg mammary tissue respires fairly 
actively vn vitro by comparison with other tissues 
In the rat its activity is much less them that of 
nervous tissues or kidney cortex, but is of the same 
order as hver (Dickens & Simer, 19316, Dickens 
& GreviUe, 1933 o) Our values for the rat are 
considerably higher than those given by Kleiber 
et al (1043), but since these workers did not use thm 
shces it seems possible that their tissue was not 
equihbrated with 0, Unlike some tissues, for 
example hver and kidney, the reserves of oxidizable 
substrates present m mammary tissue are low, smce 
Qoj IS markedly mcreased over endogenous values m 
the presence of glucose, but the effect is not com- 
parable with that shown by nervous tissues (Dickens 
& Greville, 1933 o) The low n q ob tamed m the 
absence of substrate suggests that under these con- 
ditions the shce is oxidizmg fat and perhaps protem 
An mteresting mverse correlation between for 
mammary tissue and body size, among various 
animal forms, is clearly mdicated by our results 
The anaerobic acid production of rat mammary 
gleind IS quite considerable, though not as high as 
nervous and embryomc tissues (Dickens & Greville, 
1933 o), but smce mammary tissue may produce 
citric, and under some conditions, fatty acids, it is 
doubtful whether the acid production measured by 
us either m the presence or absence of Oj is wholly 
ascnbable to glycolysis For that reason we have 
not considered it worth while to estimate the Pasteur 
effect quantitatively, but it seems safe to conclude 
from our results tliat it is considerable 


Our results serve to comphcate somewhat the 
position regarding the mammary gland b q The tn 
vivo experiments, mentioned earher, which mdicated 

anK Q greaterthanumty for the lactatmg mammary 

gland, were of necessity performed on ruminants 
(cow and goat) In our tn vitro experiments, while 
B Q values considerably greater tlian umty have 
been given by mammary tissue from the mouse, rat, 
gumea pig and rabbit, aU experiments with tissue 
from the cow and goat mdicate an b q less than umty 
with glucose as substrate It may be objected that 
our rununont shces were taken from udders which 
hod been m lactation for considerable periods, and 
uhich might m consequence have contamed’con 
sidemble proportions of cells not m a state of optimal 
factional actmtj Agamst this, it may be stated 
that slices from many of the same udders (cow and 
goat) hai e pven b q ^greater than umty m presence 
of acetate (FoUej French, 1948c, 1949), a product 
of rumen fermentation which is almost certainly of 
^at importance as a metabohte m the ruminant 
(Elsden &, Phillipson, 1948) 


The high b q mdicated by tn vtvo experiments for 
the ruminant udder has been mterpreted (Graham 
ef al 1938, Remeke, Stoneoipher & Turner, 1941) as 
pomtmg to the synthesis of fat from carbohydrate 
m the active mammary gland. While our tn vitro deter - 
minations lend no support to this theory as far as the 
rummant is concerned, we feel that, despite the need 
for caution m mterpretmg the b q of even a single 
organ (e g Soskm, 1941), our results with mammary 
gland shces from non rummants strongly suggest 
the possibihty of fat synthesis from carbohydrate m 
these non rummant glands Indeed, the possibdities 
of using rat or mouse mammary glfuad, especially 
the latter m view of its exceptionally high b Q , for 
tn vitro studies of fat synthesis seem particularly 
attractive, smce mammary gland seems to be 
practically umque among mammahan tissues m 
giving a high b q m the presence of glucose in vitro, 
coupled with a considerable respuation and hence, 
presumably, an appreciable rate of synthesis A high 
B Q has been reported for adipose tissue (Henle 
& Szpmgier, 1936, Mirski, 1942), but the rate of gas 
excliange is so low as almost to preclude accurate 
measurement As for the high tn vtvo b Q of the 
rummant udder, we have pomted out (Folley & 
French, 1949) that it is consistent with the synthesis 
of fat from acetate, a process which rummant udder 
shces appear capable of effecting tn vUro 

The st rikin g respiratory response of mamm ary 
gland shoes to mannose as weU as glucose, while 
other sugars are mert, may be of significance m 
connexion with the mechamsm of lactose synthesis 
Remeke, Wilhamson & Turner (1941) have reported 
a significant uptake of blood glycoprotem by the 
udder of the lactatmg goat Blood glycoproteins 
are known to contam mannose which, our results 
suggest, would be available for any purpose for 
which the gland uses glucose However, Grant 
(1936) found no evidence of synthesis of lactose from 
mannose by gumea pig mammary gland slices, which 
he reported were capable of effectmg the synthesis 
from glucose Nevertheless, m view of recent evidence 
(Friedmann, 1949) that, aside from glucosamme, the 
carbohydrate moiety of serum glycoproteins consists 
of an equimolecular mannose galactose complex, the 
question whether lactose, or part of it, is formed m 
the mammary gland by transformation of a mannose 
galactoside arising from blood protem seems worth 
consideration, particularly smce our results suggest 
that glucose and mann ose are mterconvertible m the 
mammary gland The non utilization of lactose, 
hardly surpnsmg smce the mammary gland would 
not be expected to secrete a carbohydrate which it 
could reaihlj oxidize, mdicates that the cham of 
reactions from glucose to lactose is not re\ ersible, at 
any rate at an appreciable speed, under these con- 
ditions Folley (1949), mproposingapossiblescheme 
for the biological synthesis of lactose, has discussed 
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the possibility that the final step may be an irre 
versible dephospborylation The failure of the shoes 
to o-adi7e galactose and fiaictose mdicates that these 
sugars are not convertible to glucose by tins tissue 
as they are by the hver In respect of attack on 
fructose, mammary gland differs from bram, retma, 
testis and kidney, all of -which oxidize Jfructose 
(Dickens & Gre-vdle, 1933 o) The non-utihzation of 
glucose 1 phosphate may be due, as suggested by 
Grant (1936), to the mabfiity of sugar phosphates to 
penetrate mto the mammary gland cell 

The effects of long contmued partial manition on 
the lactatmg mammary gland, which are overtly 
manifested by a reduction m milk yield, are also re- 
fieoted m a reduction of the respiration rate and by a 
fall m the b q to values near umty This no doubt 
means that the sjoithesis of fat from oxygen nch 
compounds is preferentially decreased under these 
conditions The effects of adrenalectomy, which also 
causes a depression of milk yield over and above that 
ascnbable topost operative anorexia (Cowie FoUey, 
1948), could not be quantitatively distmguished from 
those due to post operative anorexia In this respect 
the enzyme systems responsible for the respiratory 
metabohsm differ from argmase which is beheved 
to play an important role m mammary metabolism 
m the rat (Folley & Greenbaum, 1947), for the 
argmase levels of the rat mammary gland were 
decreased by adrenalectomy but not by partial 
manition (Folley & Greenbaum, 1948) The damage 
to the fimction of the mammary cells due to these 
two procedures is associated not only with a de 
creased respiration, but also by a significant mcrease 
m the apparent aerobic glycolysis Similar effects 
follo-wmg weamng -will be described m a subsequent 
paper 

SUMMARY 

1 The respiratory metabohsm of sbces of lac- 
tating mammary gland has been studied tn vitro 

2 Rat mammary tissue sho-ws an appr e ciable and 
mamtamed oxygen uptake m absence of substrate, 
but this IS markedly mcreased m presence of glucose 

3 Mammary tissue from rats m full lactation 

gives a -Qo, (approx final drywt /hr )ofthe 
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same order as hver but less than that of very active 
tissues hke retma and kidney The order of actmtj" 
of tissue from various species is mversely correlated 
■with body size, bemg as follows mouse, rat, gmnea 
pig, rabbit, goat, cow 

4 In the presence of glucose the respiratory 
quotient (b q ) of tissue from the mouse, rat, gmnea 
pig and rabbit is well above umty, but that of tissue 
from ruminants (goat, cow) is less than umty The 
results therefore do not support the theory that the 
lower fatt acids of ruminant milk fat are synthesized 
from carbohydrate m the udder The low b q 
obtamed m the absence of substrate m the rat 
suggests the oxidation of stored fat under these 
conditions 

6 Ofa number of carbohydrates tested, mcludmg 
galactose, Jfructose and lactose, only mannose and 
glucose were oxidized by lactatmg rat mammary 
gland shoes 

6 The aerobic acid production of rat mammary 
gland shoes m presence of glucose is not high, but 
under anaerobic conditions is qmte considerable 
Despite the possibfiity that glycolysis may not 
account for aU the acid produced, it may be con- 
cluded that this tissue exhibits a marked Pasteur 
effect 

7 Sbces of mammary gland from rats m which 

lactation has been depressed by adrenalectomy on 
the fourth day of lactation or by partial mamtion 
show a lowered Q,,, ® Q 'Hie damaged cellular 

function 18 accompamed by a decrease m the Pasteur 
effect as endenced by a significant mcrease m the 
apparent aerobic glycolysis 

We are indebted to Dr A. T Come for performing adrenal 
ectonues and mammary gland biopsies, to Prof F Dickens, 
F R S , for admce on manometno teohmqne and to Prof 
M Stacey for Bpecrmens of d arabmose, glneose 1 phosphate 
and L sorbose We would also hke to express our thanks to 
Mr J F Kayser of Messrs Gillette Industnea Ltd for a 
generous gift of special razor blades, and to 3Ir A S Foot, 
ProL H G Sanders and members of the staff of the Jlmistiy 
of Food for makmg it possible for us to obtam lactatmg 
bonne udder tissue Part of this -work -was done durmg the 
tenure hy one of us (T H F ) of a research grant from the 
Agricultural Research Council 
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It 18 known that under aerobic conditionfl the kidney 
can oxidize mono amines such as tyrannne or 
adrenahne by means of a mono amme oxidase 
(Blaschko, Richter & Schlossmann, 1937), and it 
has also been shown that under anaerobic conditions 
it can decarbosylate tyrosme, dihydroxyphenyl- 
alonmeandhistidme (Werle,1936 , Werle & Hermann, 
1937, Holtz, 1937, Holtz, Heise & Spreyer, 1938) 
More recently a number of experimental findings 
have suggested the possibihty of the excessive pro- 
duction or defective inactivation of pressor ammes 
plavmg a part m the production of certam types of 
hypertension (Blaschko, 1942) 


The ideas that have been put forward m this connexioi 
have been summarized by Schales (1947), who, m a dia 
cussim of the relation of kidney enzymes to essentis 
hypertension, mentions the new that smee mono amm 
oxidase requires oxygen to mactivate ammes ‘ the restnctioi 
o rcnal circnl^ation m experimental hypertension migh 
possible for some pressor ammes to escape m 
^. ihzed i^rom the kidney’, and so play a part m producip 
oonstnctiou Duff, Hamilton & Magne 
(1039) claim to have produced artenolar lesions similar t 
mZ.nn“ff hypertension by repeated mtravenou 
tZTfl of t^’ramme mto rabbits Easka (1943) has reports 
docs ^ actinty of kidney sheerfixir 

dXZf n by the Goldblatt technique . 

®“egest that this decr^ , 
ab?e^ o respiration (i e m th 

J. “,r., te; .rr. 


difference, although they state that prehmmary observations 
showed a striking differencem therates of residual respiration 
and of ammonia formation 

Rather more mdireot endenoe suggestmg the possibdity 
of faulty mactivation of the pressor amme formed by de 
carboxylation of L DOPA m hypertensive animals has been 
provided bv expenments showing that perfusion of the 
isohaemio mammahan kidney with DOPA gives nse to the 
production of a pressor substance havmg the properties of 
hydroxytyramme (Bmg, 1941) Moreover, the mjeotion of 
DOPA mto cats xvith experimental renal hypertension 
causes a marked rise m blood pressure, whereas m normal 
cats no effect was observed (Bmg & Zucker, 1941, Oster A 
Sorkin, 1942) 

In view of the presence m the kidney of this amme 
inactivating enzyme, and the suggestions which have been 
put forward regarding its possible relation to experimental 
renal hypertension, it was decided to study the possibihty 
of some similar enzymic mechanism hemg a contributory 
factor m the development of the hypertension which is 
a marked and early feature of certam of the toxaemias of 
pregnanev In this connexion the finding by Bhagvat, 
Blaschko A Richter (1939) of a high mono ammo oxidase 
activity m normal uterus is of mterest 

For these reasons a study was undertaken to 
determine whether an active mono amme oxidase is 
present m placenta, smee this organ is thought by 
many workers to play an important part m the 
pathogenesis of the toxaemia, and also to mvestigate 
m greater detail the actmty and properties of this 
enzyme m uterme tissue Before tins work was 
completed a brief report (Luschmsky A Smgher, 
1948) appeared on the identification of mono amme 
oxidase m human placenta The present work con 
firms this observation and describes certam other 
properties of the enzyme m connexion witli the 
phymiology of placental tissue 
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METHODS 

Estimation of enzymic activity 

Oxygen consumption was determined manometncally 
using the Warburg technique In all cases, except where 
stated, the tissue was finely minced with scissors and then 
dispersed m 0 067 m phosphate buffer, pH 7 3, m a high 
speed homogemzer of the type described by Folley & Watson 
(1948), so that 2 ml of the final homogenate corresponded 
to 200 mg fresh tissue, where the amount of available tissue 
was not sufficient to provide a large enough volume for homo 
gemzation at this concentration, it was dispersed in the 
smallest possible volume 

Tyramme hydro chlonde (L Light and Co Ltd ,reorystal 
lized from water) was used as substrate m 0 01m solution 
except where otherwise stated 

Oi uptake, using 2 ml of the tissue homogenate, was 
measured at 38“, and m a gas phase of 0,, over a period of 
1 hr , the results being expressed as (J Oj/g fiiesh tissue/hr 
Controls for non enzymic oxidation of the substrate, and for 
the 0, consumption of the enzyme preparation m the 
absence of added substrate, were mcluded m each experi- 
ment 

In experiments where it was desired to trap the aldehyde 
formed dimng the mitial oxidation of the airnne m order to 
prevent further oxidation occurring, semicarbazide hydro 
chlonde was added to the reaction mixture to give a final 
conoentration of 0 02m 

Ammonia was estimated using the Markham (1942) 
apparatus 

Materials 

Eat, rabbit and guinea pig placenta The pregnant uterus 
was removed immediately after killin g the ammal by ex 
sanguination The placentas were then dissected free from 
the other products of conception, washed with 0 9 % NaCl, 
blotted diy with filter paper, weighed and homogenized 

Human placentas were brought to the laboratory either 
immediately after dehvery or after having been placed 
immediately m a refrigerator m which they remamed for 
penods up to 10 hr In most cases they were expelled per 
vaginam, although a few were obtamed after Caesanan 
section They were prepared by one of two methods 

(1) A small piece, approximately 2 cm square and ex 
tending through the entire thickness of the organ, was 
excised, mopped fioe from surface blood, washed with dis 
tilled water, weighed and homogenized 

(2) The membranes and larger blood vessels were die 
sected off, and the rem aining tissue squeezed firee from as 
much of the contamed blood as possible, after which it was 
washed with glasa-distdled water, mopped with filter paper, 
weighed, and passed through a Latapie mmoer The mmoe 
was then well mixed, and a weighed sample taken for 
homogenization 

Bat and rabbit uterus Immediately after killing the 
animals by exsanguination the uterus was removed, and, m 
the case of non pregnant animals, weighed and homogenized 
When taken from pregnant animals the whole uterus was 
removed mtact and weighed, if sufficiently developed, the 
products of conception were then dissected away, and the 
uterus was mopped free from blood and ammotio flmd with 
filter paper, washed rapidly m 0 9 % NaCl, weighed and 
homogenized. 


RESULTS 

Mono amine oxidase activity of uterus 

The presence of an active amine oxidase in dog 
and sheep uterus was demonstrated by Bhagvat 
et al (1939) We have extended this finding to the 
non pregnant uterus ofthe rat and rabbit The results 
of SIX typical experiments are shown m Table 1 

Table 1 Mono-amine oxidase activity of non- 
pregnant rat and rabbit uterus 

(Activity expressed m pi 0 Jg fresh tissue/hr ) 


Rat 

Rabbit 

206 

605 

451 

489 

222 

692 

440 

600 

680 

628 

322 

621 


As the object of this work was a study of the 
enzyme m the pregnant animal, estimations were 
next made on the rat uterus at various stages of 
pregnancy Thirty pregnant rats were used, and 



Fig 1 Belation between mono amme oxidase activity of 
pregnant rat uterus (expressed as pi 0 Jg firesh tissue/hr ) 
and the iveight of the uterus after removal of the products 
of conception 

a scatter diagram relatmg the enzyme activities 
(expressed per g firesh tissue) to the weight of the 
uterus after removal of the products of conception 
is shown m Eig I It is realized that the distribution 
of such weights affords only an approximate 
mdication of the duration of pregnaftcy, but owmg 
to the wide variations m the number of foetuses 
oontamed m different animals the total weight of 
uterus, together with products of conception, pro 
vides an even less accurate mdication 

From the results given m Fig 1 it will be seen 
that very high values for enzymic activity (up to 
1130 pi Oj/g /hr ) are obtamed early m pregnancy. 
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these values tending to fall as pregnancy advances 
to a low level of 100-300 fd OJg /hr shortly before 
dehvery 

That the relatively high values obtained m the 
small uterus of early pregnancy are not due merely 
to the homogenate being necessarily more dilute, 
with the possibihty therefore of an aocompanymg 
dilution of some inhibitory factor, is shown by the 
fact that equally dilute homogenates of non preg- 
nant uterus do not show these high values Further, 
m order to control this pomt m the pregnant uterus, 
a direct comparison was made of a uterus using 
homogenates of three different dilutions, no sig 
nificant difference between the activities of the three 
dilutions was observed 

From our present exjienmental findings it is not 
possible to mterpret this fall m activity per umt 
weight as pregnancy advances, but it suggests that 
the enzyme may be locahzed pred ominan tly m the 
endometrium, and that the relatively greater mass 
of myometrium present late in pregnancy may be 
responsible for the lower activity per imit weight of 
the whole uterus With this possibihty m view, 
estimations were earned out on the separated endo 

metrium andmyometriumfrom two human uteruses 

The first was obtamed from a normal pregnancy 
terminated by total hysterectomy at 17 weeks on 
account of a rapidly growing caremoma of the breast 
The decidua (endometnum mpregnancy), which was 
thick and plentiful, was separated with a scalpel 
from the myometnum, and homogenates were made 
of the two portions of the tissue, the activities of 

whichweremeasuredsunultaneouslymtheiisualway , 

the decidua showed an activity of 663 fil OJg /hr 
and the myometnum 97 ;d 0,/g /hr The second 
uterus, which was non pregnant, was removed on 
f and gave values of 

fil Oj/g /hr for the endometnum and 171 ul 
^ 2/6 for the myometnum 

Tv o further specimens of human decidua have 
been obtamed by Caesarian section at fuU term and 
have given values of 1126 and 1016;il OJg /hr 


Mono-amme oxidase activity of placenta 
In view of the level of enzymic activity show 
uterme tissue, human placenta was ] 
investigated Usmg smaU random samples ev( 
thaTtl (method 1 , see p 126), it wash 

d.frercnt pTacel1 ^ being obtamed m 

zls mentioned above, Roska (1943) has reno 
a lowcnng of the mono amme oxidase level m 1 ^ 
from ani ^„3 rendered hyperte™ W Si^t 


m normal placentas and m those from cases of 
toxaemia of pregnancy showing hypertension 
The wide variations, however, m the results quoted 
above obtamed on isolated samples of placental 
tissue led us, when embarking on this comparison, 
to use homogenates prepared from a portion of a well- 
mixed rmnee of the whole placenta, earned out as 
desenbed above under method 2 Ev^en when usmg 
this method it was foimd that considerable variation 
exists between the activities of different placentas 


Table 2 Mono-amine oxidase activities of normal 
human placentas 


/J Oj/g fresh 
ti8sne/hr 

666 

610 

660 

660 

926 

636 

406 

706 

825 

808 

655 

825 


mmol Oj/whole 
placenta/hr 

16 5 
98 
16 6 
12 0 
10 2 
8 1 
82 
11 6 
14 3 
14 0 
14 9 
101 


The results obtamed with twelves different normal 
placentas at full term are shown m Table 2, where 
the activities are given both m terms of gl OJg fresh 
tissue/hr and also as mmol Oj/whole placenta/hr 
From these figures, and from the published work on 
other human tissues (Birkhauser, 1940, Zeller, Stem 
&Wenk, 1940,Bla3chko, 1942, Epps, 1945), it seems 
that normal human placenta at term must be 
classed as a tissue relatively nch m mono amme 
oxidase 

An active enzyme was also found m rat, rabbit 
and gumea pig placenta In the course of these ex- 
periments with animal placentas vmiations m the 
level of activity of the mono attune oxidase were 
noted m placentas of different ages m different 
animals A senes of estimations was therefore 
earned out m rats at v'anous stages of placental 
development The results of these experiments are 
shown m Fig 2 , m which enzymic activities of the 
placental homogenates from different animals (ex- 
pressed as fA OJg fresh tissue/hr ) are plotted 
against the mean placental weight for each animal 

From the results obtamed it will be seen that 
the level of enzjrmic activutj, expressed per g of 
placental tissue, appears to increase as the placenta 
ages A Imear regression hne has been fitted, and has 
a slope of 66 pi OJg /lir for each 0 1 g mcrease m 
mean placental weight The correlation coefficient 
for the v’alues shown m Fig 2 is 076 + 021 This 
correlation is m contrast to the results obtamed with 
the whole uterus mentioned abov e 
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If, as has been postulated, any relationship exists between 
mono amme oxidase activity m the kidney and experimental 
renal hypertension, the dependence of enzymic activity on 
Oj tension and the relation of this to restriction of the renal 
circulation becomes important E’urther, m view of the 
postulated association of placental ischaemia with pregnancy 
toxaemia, this relationship may also be of importance m 
connexion with the hypertension accompanying this con 
dition Kohn (1937) has shown that the mono a min e oxidase 
of pig hver is unusually sensitive to changes m Oj tension, the 
rate of oxidation of tyramme bemg mcreased by 200-260% 
by mcreasmg the concentration of 0, m the gas phase from 
20 to 100% By contrast he showed that a milk xanthme 
oxidase preparation was almost saturated at 20 % 0, 



Rg 2 Eolation between mono amme oxidase activity of 
rat placenta (expressed as pi Oj/g fresh tissue/hr ) and 
mean weight of the mdividual placentas from any one 
animaL 

Using homogenates of human placenta we have 
compared the rates of oxidation of tyramme and of 
succmate at different oxygen tensions A final con 
centration of 0 06 m sodium succmate was used as 
substrate m the succmic oxidase determmations 



Big 3 Effect of O, tension on rates of oxidation of tyramme 
and succmate by human placental homogenates (expressed 
as percentages of activity at 20 % O j) 

Tlie results of these experiments are shown in 
Fig 3, m which the enzyrmc activities are expressed 
as percentages of the activity at 20 % Oj It will be 
seen that whereas the rate of oxidation of succmate 
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IS only slightly affected by mcreasmg the concentre 
tion of oxygen above about 2 6-6 % , the rate of 
oxidation of tyramme mcreases stnkmgly as the 
oxygen tension is mcreased, the rate m the presence 
of 2 6 % Oj bemg less than half that m 10 % Oj 
In addition to the enzyme m hver, the placental 
mono ammo oxidase is therefore also highly sensitive 
to changes m oxygen tension, and any fall m the 
latter, such as might occur m ischaemic areas of 
placenta, might therefore be expected to cause a 
more pronoimced fall m the activity of the mono 
amine oxidase than m that of certam other enzymes 

SpecificUy of the placental mono amine oxidase 

The tyramme oxidase first described by Hare (1928) m 
hver was shown by Blaschko ei al (1937) to have a wide 
range of specificity, oxidizmg a number of ahphatic and 
aromatic mono ammes In the present work, m addition to 
tyramme, we have studied the oxidation of 2 phenylethyl 
amme (L Light and Co ), and tryptamme and DL-adrenahne 
(Bntish Drug Houses Ltd ), by human placental extracts 
These substrates were also used m final concentrations of 
0 01 m, the estimations of enzymic activity bemg earned out 
as with tyramme In these experiments, however, semi 
carbazide was added to prevent the further oxidation of the 
aldehyde formed by deammation, together with OOOlsi 
cyanide to inhibit the oxidation of adrenalme by the cyto 
chrome oxidase system KCN was also added to the centre 
cup to prevent loss of cyamde fixim the mam chamber 

The results of these experiments are shown m 
Table 3 The relative rates of oxidation of tyramme, 
tryptamme and 2 phenylethylamme by human 
placenta are of the same order as those foimd by 
Blaschko et al (1937) for gumea-pig hver The value 
quoted for adrenahne is somewhat higher, but 
although when usmg tins substrate readings were 
taken every 10 mm , wide variations m its rate of 
oxidation were foimd m different experiments 

Table 3 Relative rates of oxidation of some aromatic 
amines by placental mono amine oxidase 

(Extra Oj uptake due to tyramme/g /hr taken as 100 
RMctions m the presence of 0 02 m seimcarbazide hydro 
chloride and 0 001 m KCN ) 


Tyramme 100 

Tiyptamme 77 

Adrenahne 128 

2 Phenylethylamme 16 


A number of experiments were carried out usmg 
0 01 m histamme dihydrochlonde and cadavarme 
dihydrochlonde as substrates, but m each case 
oxidation by placental homogenates under our con 
drtions was barely measurable m the course of 1 hr 

A.mmonta production by placental mono-amine 
oxidase 

The rate of ammoma production has been 
estimated m a few experiments m order to correlate 
the extra oxygen uptake with deammation At the 
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end of the measurement of oxygen uptake 1 ml of 
26 % trichloroacetic acid was added to each bottle 
After standmg 16 mm the contents of the bottles 
were centrifuged, and the bottles and the precipitate 
washed twice with 1 ml of 6 % trichloroacetic acid 
The filtrates were then nmde up to 10 ml m volu- 
metric flasks, and samples of each taken for ammoma 
estimation 

In each of these experiments the oxygen con- 
sumption m the presence of semicarbazide was also 
estimated, m order to determme the proportion of 
total oxygen uptake by the placental enzyme which 
was due to oxidation of the aldehyde formed The 
results of these experiments are showui m Table 4 


gradually mcreasmg until the chdd is about 3 months 
old, when maximum activity appears to be reached. 
In a study of the DOPA decarboxylase actmtj’^ of 
various human and anima l tissues Page (1946), using 
a biological method for estimating the hydroxy 
tyramme formed, was unable to detect the presence 
of this enzyme m human placenta As far as we are 
aware, however, the decarboxylation of other ammo 
acids by placental or foetal tissue has not so far been 
studied 

The demonstration by Kohn (1937) that the 
activity of the mono amme oxidase of hver is de- 
termmed by the oxygen tension has been shown to 
apply also to the enzyme m placenta In the absence 


Table 4 Ratio of atoms oxygen utilized j moles ammonia produced, and ratio of oxygen utilized in 
the •presence and absence of semicarbazide, during oxidation of tyramine by the placental enzyme 


0, uptake 
(fil O^g/hr) 

A 


f — 



% 


Atoms 0/moles NH. 


Without 

With 

NHj 

, ^ 



Ratio of 

semicarbazide 

semicarbazide 

produced 

Without 

With 

0, uptakes 

(a) 

(6) 

(pu/g /hr) 

semicarbazide 

semicarbazide 

lam 

672 

621 

43 9 

1 37 

1 06 

129 

601 

606 

486 

1 10 

0 92 

1 19 

680 

696 

62 4 

1 16 

1 01 

1 16 

890 

735 

66 7 

142 

1 17 

1 21 


In the absence of semicarbazide a mean 0 NHj 
ratio of 1 26 was obtamed, when, however, the 
figures for the oxygen uptake m the presence of 
semicarbazide are used, the ratios m these four 
experiments become 1 06, 0 92, 1 01 and 1 17 re 
spectn elj 


DISCUSSION 

The findmgs reported m this paper establish tl 
presence of an active mono amme oxidase 
placental extracts, confirmmg the recent observi 
tions of Luschm8k}^ & Smgher (1948) Prom a stuc 
of ite action on diSerent ammes it has been shov 
la this enzyme, like the mono amme oxidai 
present m liver, kidney and elsewhere, can oxidn 
a number of aromatic mono ammes, but is mactn 
against di ammes such as histaname or cadaverm 
human placenta at term, this enzyme is presei 
in relatnelj largo amounts, and m rat placenta i 
actmty appears to mcrease as the placenta mature 
i'rom the oxpemnents which we have made it 
nnpoMible to do more than speculate on the possib 

tl^ nr^'r f Plf'ceJita, but the fa 

^erll^ ^ ®^egests that it m* 

exercise some function of mcreosing significance . 
pregnanci adionces, and the fSusCS^ 

Imvfid bo noted that Epps (1945) has shown thi 
the kidnci cortex and medulla of the newborn rfh 
arc deficient m mono ammo oxidase, the a^t 


of any exact information as to the oxygen tensions 
to winch the enzyme would normally be exposed 
under in invo conditions, it is clearly impossible to 
mterpret this property of amme oxidase m any 
physiological sense It does suggest, however, that 
any lowering of the local oxygen tension, such as 
imght be expected to occur m the placenta, more 
particularly towards the end of pregnancy, might 
result m an inhibition of the activity of this enzyme 
to a greater extent than that of the succimc 
oxidase system, and possibly also of other systems 
mvolvmg the cytochrome cytochrome oxidase me 
chanism 

The high values of the mono amme oxidase actmty 
of the rat uterus early m pregnancy together with 
the apparent fall m these values, when expressed on 
a weight basis as pregnancy advances, suggests that 
the enzyme may be chiefly locahzed m the endo- 
metrium, and this supposition has been confirmed 
by exammation of the separate endometnum and 
myometrium from human uterus The low xalue 
found m the myometrium would mdicate that this 
muscle 13 similar to the other muscular organs 
exammed by Bhagx at et al (1939), the high i alue of 
whole uterus bemg due mamly to an endometrial 
enzyme 

Experiments are now m progress m the hope of 
obtammg information concerning the physiological 
significance of tlus enzjme m placenta, and to 
ascertam whether anx abnormalities of its function 
are detectable m the toxaemias of pregnancy 



130 


R H S THOMPSON AND A TICKNER 


STJMMARY 

1 The presence of on active mono amme ovtdase 
in uterus has been confirmed Evidence is presented 
mdicatmg that m the human uterus, and possiblj 
also m the rat uterus, it is mauily locahzed m the 
endometrium 

2 Human, rat, rabbit and gmnea pig placentas 
have also been foimd to be potent sources of the 
enzyme 

3 The level of enzymic activity m rat placenta 
(expressed per g of tissue) appears to mcrease as the 
placenta matures m utero 


1949 

4 Tlie actmty of the placental enzyme, like that 
of the enzyme m hver, is proportional to the oxygen 
tension of the medium m which it acts, a fall of 
oxygen tension causmg a marked fall m rate of 
enzyme action 

We would like to acknowledge the help given to us in the 
collection of human matenal by Mr J B Bladdey, PROS, 
F B C 0 G , and the staff of the Department of Obstetnes 
and Gynaecology, Guy’s Hospital Medical School Our 
thanks are also due to Jlr R F Adams and JIiss E Smalley 
for technical assistance 
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Effect of Sulphydryl -combining Compounds on the 
Activity of the Succinic Oxidase System 

By E C slater (British Council Scholar), Molteno Institute, University of Cambridge 

(Received 22 November 1948) 


Tliunberg (1916) was the first to suggest that the 
tissue catalyst responsible for the oxidation of 
sucemate contamed a sulphydryl group, but his 
evidence, viz that coUoidal sulphur inhibited the 
enzyme, was not very convmomg There was, m fact, 
better evidence available to Thunberg, smee BatteUi 
& Stem (1910) had already shown that arsemte 
inhibited this enzyme, and Ehrhch (1909) had 
suggested that the toxic action of arsemcals on 
tissues might be due to their combmation with 
sulphydryl groups Tlus suggestion of Ehrhch has 
recently received convmcmg experimental support 
by the work of Peters and his colleagues (Peters, 
Stocken & Tliompson, 1946) 

Hopkms and his co workers (Hopkins & Morgan, 
1938 , Hopkins, Morgan & Lutwak Mann, 1938) were 


the first to demonstrate the existence and the im- 
portance of SH groups m succmic dehydrogenase 
These workers showed that succimo dehydrogenase 
was completely inhihited by mcubation “with a high 
concentration of oxidized glutathione (GSSG), and 
that the activity was completely restored by meu 
bating the inhibited enzyme with reduced gluta 
thione (GSH) under anaerobic conditions They 
suggested that GSSG acted by oxidizmg the SH 
groups of succimo dehydrogenase to disulphide 
(S S) groups and that this reaction was reversible 

GSSG-f 2EnSH viEn S S En-f-2GSH 

Smee the pubhcation of the papers of Hopkins 
and his co workers, many studies of the action of 
other SH comb inin g compounds on succmic oxidase 
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have appeared (eg Morgan & Fnedmann, 1938, 
Potter & Dubois, 1943, Barron & Singer, 1946, 
Barron & Kahutsky, 1947 , !Mackworth, 1948) Five 
different types of compounds have been used, viz 
alkylatmg agents, omdizmg agents, arsemcals, 
mercaptide fomung agents and maleic acid 

Despite these many studies of the action of SH 
agents, an examination of the hterature revealed 
that certam pomts required further mvestigation 
The most important of these was the reversibibty 
of the inhibition, concerning -which the hterature 
presents a confusmg picture Hopkins et al (1938) 
showed that treatment -with GSH completely re 
activated the succmic oxidase system m -washed 
mmced muscle after it hewi been macti-vated by 
GSSG Potter & Dubois (1943), on the other hand, 
usmg a tissue homogenate as the source of the 
enzyme, -were unable, by means of GSH, to reverse 
the i nh ibition caused by -various oxidizmg agents 
Tliey explamed the disagreement between their 
findings and those of Hopkms et al by pomtmg out 
an important difference m the experimental pro 
cedures Hopkms et al treated the inactivated 
enzyme -with GSH under anaerobic conditions, and, 
after this treatment, removed the excess GSH by 
filtering and washing the muscle pulp Smce this 
procedure is not possible -when dispersions are used 
as the source of the enzyme. Potter & Dubois did not 


remove the GSH before measuring the succmi 
oxidase actmty GSH is fauly rapidly oxidize( 
when added to such tissue preparations m th 
presence of air (especially if excess cytochrome c i 
added), and so cannot be an effective reaotivatmj 
agent In fact. Potter & Dubois (1943) and Ame 
Ehehjem (1944) found that GSH and oystem 
actually inhibited the succmic oxidase activities o 
tissue preparations The presence of the thiol m th 
reaction mixture dunng the measurement of th 
activity of the enzyme mtroduces a further difficulty 
viz that the absorption of oxygen causes an erro 
m 6 etermmation of the succmic oxidase activity 
^ opposition to the findings of Potter & Dubois 
Barron & Smger (1946) claim that the succmi 
® muscle dispersion, previousl- 
^bited to the extent of 80% by treatment witi 
tonzoq^one or p carboxyphenylarsme oxide, wa 
nipletely restored by treatment with GSH (6( 
times the concentration of the inhibitor) Thes 
mthom state that the ‘reactivation produced b- 

LcSwi T and m no way con 

em^e oxidation by metal catalysts m th 

yme, Mce the enzyme suspension showed n 

^p^iable oxygenuptake on addition ofglutathion 

OSH 


A further point reqmrmg study is the component 
of the Buccuuc o-xidase system which is attacked by 
the inliibitor Some authors, although usmg the rate 
of o-xygen uptake m the presence of succmate as the 
measure of the enzyme acti-vity , speak of the enzyme 
concerned m this oxidation as succmic dehydro 
genase Actually, an enzyme complex, of which 
succmic dehydrogenase is only one component, is 
necessary to catalyse the aerobic oxidation of 
succmate 

An additional reason for these experiments was to 
study the action of SH combining compounds on 
the succuuc oxidase system m Keihn & Hartree’s 
heart muscle preparation, which, although it is the 
most active preparation of this enzyme system, has 
not been used by premous m-vestigators studying 
these inhibitors 

Three types of inhibitors were used, -viz 

(1) oxidizmg agents o lodosobenzoate and GSSG, 

(2) p ammophenylarsenoxide , (3) p chloromercun- 
benzoate Alkylating agents were not studied, smce 
this inhibition is not easily reversible A preliminary 
account of some of these findings has already 
appeared (Slater, 1948) 

METHODS 

Enzyme preparation Kefirn t Hartree’s (1947) heart- 
muscle preparation was used The methods of preparing the 
enzymes and determining the activities have already been 
described (Slater, 1949 o, 6) 

Olvtathione -was prepared by the methods of Hopkins 
(1929) and Pme (1930) Aqueous solutions were neutralized 
immediately before use GSSG was prepared by shaking 
a neutralized solution of GSH m a manometno flask until no 
more 0, was absorbed. 

BAXi -was kmdly provided by Prof R H S Thompson. 
Aqueous solutions were prepared immediately before use 

o lodosobenzoic acid was prepared by the oxidation of 
o-iodobenzoic acid -with fuming HNO,, according to the 
method of Meyer & Waohter (1892) It was 90% pure 
according to the amount of Ij hberated fiom acidified KI 

p Chloromercurtbenzoate was kmdly supphed bv Dr S V 
Perry 

Procedure. The general procedure adopted was to treat 
a concentrated enzyme preparation with the inhibitor for 
a de fini te length of time and then rapidly to dilute about 
60 fold before measuring the enzyme activity Except m 
the case of p chloromercunbenzoate, this rapid dilution 
practically stopped the action of the inhibitor on the enzyme 
Unless otherwise stated, 1 mi of Keilin A Hartree’s (1947) 
heart-muscle preparation was treated -with the inhibitor 
solution, after standing for the required tune, the solution 
-was diluted to 5 mL -with 0 18m phosphate buffer, pH 7 3, 
and 0 2 ml samples were pipetted mto the manometer 
flasks and immediately diluted to 3 1 mL -with phosphate 
buffer and the other solutions necessary for the measurement 
of the enzyme activity, which was earned out as soon as 
possible 

This method is -vahd only if dilution of the enzyme does not 
cause any reversal of the inhi bitions This -was found to be 
the case 
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EXPERIMENTAL 

A Effect of sulphydryl combimng agents on the 
succinic oxidase system 

(1) Bale of inhibition The effect of the time of 
contact of the inhibitor with the enzyme at 37° on 
the degree of inhibition is shown for four inhibitors 
m Fig 1 The figures at zero tune were obtamed by 
addmg the inhibitor and immediately dilutmg Tlie 
small inhibitions found with o-iodosobenzoate and 
p ammophenylarsenoxide at zero tune probably 
occurred durmg this dilution or after the dilution 



/ 

Fig 1 Rate of inactivation, at 37°, of snccimo oiadose 
system by 0 2 /tequiv o lodosobenzoate per ml heart- 
muscle preparation (curve A), OSfieqmv p chloro 
mercunbenzoate per mL heart-muscle preparation (curve 
R) , 0 2 /leqmv p ammophenylarsenoxide per ml heart- 
muscle preparation (curve C ) , 20 peqmv GSSG per ml 
heart-muscle preparation (curve D) 



Fig 2 Rate of mactivation, at 16°, of the succmio oxidase 
system by 2 /leqmv o-iodoaobenzoate per ml heart- 
muscle preparation. 


Inhibition by p ammophenylarsenoxide and by 
o lodosobenzoate, and particularly by GSSG (even 
m large excess) was a slow process, maximum 
mliibition was found with the arsemcal and o lodoso- 
benzoate after 1 hr The reaction between the enzyme 
and ji cliloromercunbenzoate was much more rapid 
It cannot be stated from Fig 1 whether this m 
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hibition occurred practically instantaneously before 
or after dilution It can, hoivever, be definitely 
concluded that, under comparable conditions, the 
rate of mliibition of the enzyme by p chloromereun 
benzoate is much greater than that by the other 
inhibitors tried The succmic dehydrogenase, which, 
as IS shown below, is less susceptible to the mercunal 
than IS the complete succmic oxidase system, was 
just as rapidly inactivated by the mercurial 

In Fig 2, the rate of inhibition of the enzyme by 
o lodosobenzoate at 16° is shown It appears from 
the shape of the curve that the inhibition at this 
temperature was due to two reactions, an mitial 
fairly rapid reaction wluch was complete after 
10 mm , followed by a slower reaction, which was 
not complete after 2 lir 

(2) Effect of amount of inhibitor The effect of 
different amounts of o lodosobenzoate, p ammo 
phenylarsenoxide and p chloromercuribenzoate on 
the succmic oxidase activity of the same heart 
muscle preparation is shown m Fig 3 Sufficient 
tune was allowed for complete reaction between the 



Fig 3 Effect of different amounts of p aminophenylarsen 
oxide (curve .4), 0 lodosobenzoate (curve R), and p ohloro 
mercunbenzoate (curve C) on the sncoinic oxidase system 
p-Amino phenylarsenoxide and o-iodoaobenzoate reaction 
earned out at 37° for 60 mm., p chloromereunbenzoate 
37° for 16 mm 

inhibitor and the enzyme A considerable amount of 
the arsemcal or o lodosobenzoate was required before 
appreciable inhibition occurred, the inhibition m 
creased markedly with further small mcreases m the 
amount of mlubitor until nearly complete mactiva- 
tion was obtamed The unusual shape of the curves 
18 probably due to the presence, m the heart muscle 
preparation, of substances (possibly denatured pro 
terns, which are known to contam many reactive SH 
groups) which combme preferentially with these 
two inhibitors and thus protect the enzyme from 
mactivation by small concentrations of the inhibitor 
The heart muscle preparation often became less 
susceptible to SH oombmmg reagents (particularly 
to o lodosobenzoate) after standing for a few days. 
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probably due to an increase in the amount of 
denatured proteins 

These substances m the heart muscle preparation 
■which protected the enzyme from small amounts of 
arsemcal and oxidizmg agent "were qmte meffective 
m protectmg agamst the same amount of the 
mercurial On the other hand, the enzyme ■was more 
susceptible to relatively larger amounts of the 
arsemcal and o lodosobenzoate than to the corre 
sponding amount of mercurial These findmgs 
mdicate that the mercurial ■was much less selective 
m its action than the other two compounds Tlie 
arsemcal ■was the most selective stgent of the three 

(3) Component of the succtmc oxidase system 
inhibited by the svlphydryl reagents In Fig 4 the 
effect of different amounts of p armnophenylarsen- 
osade on the actmty of both the complete succmio 
oxidase system and on the auccmic dehj^drogenase 



Fig 4 Effect of different amonnta of p aminophenylorsen 
oxide on the succmio oxidase system O, and on snocmio 
dehydrogenase • Reaction earned out at 37° for 60 mm 


portion IS shown The fact that the two curvi 
comcide means that the component of the suocm 
oxidase system which is limiting the acti-vity of tl 
system after treatment with the arsemcal is tl 
succmio dehydrogenase, and that the pnmary actic 
of the arsemcal is on the dehydrogenase 
The oxidizing agents, o lodosobenzoate and GSS( 
on the other hand, have a greater effect on tl 
complete system than on the succimc dehydrogemu 
(Figs 6 and 6) Cupric chloride, which may a 
pi^arily oa an oxidizing agent, also has a muc 
Wronger action on the complete system than on tl 
ehy^ogenase HeUerman, Perkms & Clark (193 

^h S^ .^°P^(1029)foundthatGSHrea^ 

til Cu by first reduemg it to Cu+, which thf 
TOmbmed with unreacted GSH It is possible thi 
the same type of reaction occurs with thTmiccm 
^dase sj-stem, the first action of the Cu-^ mav 1 
an oxidatne reaction on some compoint “fti 
Biochem. 1049, 45 


system, leadmg to mactivation of the succmic oxidase 
system, and this is foUo^wed by combination of the 
Cu'*' formed "with the SH groups of the succmic 
dehydrogenase 



lodosobenzoate (uequiv /ml heart muscle preparation) 


Fig 6 Effect of different amounts of lodosobenzoate on the 
activity of succmic oxidase O , and of the succmio dehydro 
genase • Reaction earned out at 37° for 60 min. 



Fig 6 Rate of mactivation of succmio oxidase ( O , curve A) 
and succmio dehydrogenase (•, curve B) by GSSG (20 
;ieqmv /mL heart-muscle preparation) Temp 37° 


Smee HeUerman et al (1933) found that Cu"*^ 
catalysed the aerobic destruction of urease, it was 
of mterest to determme whether it had the same 
effect on the succimc oxidase system The figures m 
Table 1 show that this is not the case , Cu''"*' had the 
same inhibitory effect whether it ■was tested m the 
presence or m the absence of air 

The effect of different amounts ofp chloromercun 
benzoate on the succmic oxidase and succmio de 
hydrogenase activities is sho^wn m Fig 7 The 
Thunberg method of measuring succmic dehydro- 
genase actiinty ■was employed, smee potassium 
cyanide, which is used m the manometne method to 
inhibit cytochrome oxidase, reverses the inhibition 
of the dehydrogenase (see p 137) The mercurial, like 
the o-adizmg agents but unlike the arsemcal, inhibits 
the complete succmic oxidase sj^stem more than the 
dehydrogenase 
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Table 1 Effect of cupnc ions on the succinic 
oxidase system and on succinic dehydrogenase 

(Heart musde preparation (linL)+0 4ml CuCl, were 
either shaken in a manometer flask m the presence of air 
(aerobic) or kept in vacuo (CuCl, added after evacuation) m 
a Thunherg tube (anaerobic) for 16 mm at 37° Concentra 
tion of Cu'*"'' 7 2 X 10“° si 3 6 ml 0 18si phosphate buffer 
were then added and 0 2 ml samples taken for measurement 
of enzyme activities Control without Cu'*”*' treated m same 
way) 

Succmio 

Succmic oxidase dehydrogenase 
activity activity 

(/J OJIO nun ) (/J 0^10 mm ) 

, ' > ^ ^ ^ 

Aerobic Anaerobic Aerobic Anaerobic 


Control 

112 

110 

41 

40 

In presence of Cu"*^ 

46 

44 

29 

27 

Inhibition (%) 

69 

60 

29 

34 



B Reactivation 

The inhibition produced by treatment with 
p ammophenylarsenoxide was not reversed when the 
concentration of the inhibitor was reduced by diluting 
the reaction mixture (Table 3), nor even by pre 
eipitating the enzyme with acid and waslimg away 
the unreacted inhibitor Similarly, the mliibition bv 
o lodosobenzoate was not reversed by the latter 
treatment (Table 4) After treatment with p chloro 
mercunbenzoate also,the enzyme was not reactivated 
by dilution 


Table 3 Effect of dilution of heart muscle preparation, 
after treatment vnth p-aminophenylarsenoxide, on 
the degree of inhibition 

(Inhibited 1 ml heart-muscle preparation -t 0 6 ml 
0 0004s p ammophenylaTBenoxide kept at 37° for 1 hr , 
3 6 ml 0 18si phosphate buffer added and different volumes 
pipetted mto manometer flasks for measurement of succmio 
oxidase activity in the usual manner Control 1 ml heart- 
musole preparation 0 6 ml water treated similarly ) 


Fmal dilution of 
heart-muscle 
preparation in 
manometer flasks 


0, uptake (pi /lO mm ) 

, , Inhibition 

Control Inhibited (%) 


1 82 
1 41 
1 24 
1 16 


61 

36 

43 

118 

69 

42 

187 

112 

40 

231 

141 

39 


Table 4 Inhibition of succinic oxidase by o-iodoso 
benzoate, attempt to reverse inhibition by washing 
enzyme vnth water 


Fig 7 Effect of different amounts of p chloromercun 
benzoate on the activity of succmio oxidase Q, and of the 
succmio dehydrogenase % Reaction earned out at 37° 
for 16 mm 

The effect of the arsemcal, the mercurial and 
o lodosobenzoate on the cytoclirome oxidase activity 
IS shown m Table 2 Only the mercurial had an 
appreciable effect on the cytochrome oxidase The 
insensitivity of cytochrome oxidase to arsemcals and 
oxidizmg agents is m agreement with the findmga of 
Hopkins eial (1938) with GSSG and Barron &Smger 
(1946) with arsemcals 

Table 2 Effect of sulphydryl combining agents on 
the cytochrome oxidase of heart muscle preparation 


(A, 1 ml heart-muscle preparation treated with o lodoso 
benzoate (total volnme = llml) for 30 mm at 16°, 
3 9 ml 0 16 m phosphate buffer added B, 1 ml heart 
muscle preparation treated with o lodosobenzoate as A 
Cooled to 0° and 4 ml 0 01 n acetic acid added, centnfuged, 
supernatant fluid removed, residue stirred with 2 ml water, 
centnfuged and residue suspended m 6 ml 0 15 m phosphate 
buffer 0 2 ml samples taken for measurement of enzyme 
activity Control tests showed that untreated enzyme could 
be precipitated with acid, washed and resuspended m phos 
phate buffer m this manner without loss of activity ) 


o lodosobenzoate 
(peqmv /mL 
heart-muscle 
preparation) 

2 

4 


Inhibition (%) 

, A — , 

A B 

71 78 

86 83 


(Heart-musole preparation treated with inhibitors for 
1 hr at 37° General procedure see Methods Note that the 
cytochrome oxidase activity measured was the true activity 
at mfimte oytochrome c concentration, measured by the 
method of Slater (10496) ) 

Inhibition 


Inhibitor (%) 

p Chloromeroimbenzoate (1 26 ^eqmv ) 20 

o lodosobenzoate (I 0 peqmv ) 6 

p Anunophenylarsenoxide (0-6 peqmv ) 6 


Tlie enzyme can., however, be reactivated by treat 
ment with SH compounds It was found, m agree 
ment with Potter & Dubois (1943) and Ames & 
Elvehjem (1944) and m disagreement with Barron 
& Smger (1946), that complete reactivation of the 
succmic oxidase system could not be effected by 
addmg the thiol to the enzyme preparation in the 
presence of air, smee the thiol was oxidized by the 
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enzyme preparation and this oxidation was accom- 
pamedby mactivation of the succimc oxidaae system 
Ames &Elveh]em (1944) bebevedthat this inhibition, 
caused by cysteme and GSH, was due to the action 
of cystme and GSSG formed by oxidation of the 
thiol compounds It was foimdm the present study, 
however, that this could not be the complete 
explanation smce the inhibition caused by GSH is 
much greater than that resultmg from treatment 
with the equivalent concentration of GSSG This 
observation was the startmg pomt of the mvestiga 
tion of reducmg agents on the succimc oxidase 
system which is described elsewhere (Slater, 1949 c) 
It was found that GSH had no effect on the enzyme 
under completely anaerobic conditions, and that, 
even m the presence of air, the succimc dehydro- 
genase was much less susceptible than the complete 
sucomio oxidase system to the thiol Thus, m order 


to study the reversal of the inhibition, it is necessary 
to use Hopkins & Morgan’s (1938) procedure of 
treatmg the enzyme with the thiol under anaerobic 
conditions When usmg dispersions, it is difficult to 
remove the thiol from the enzjTrne qmckly after the 
treatment before the measurement of the enzynne 
activity This difficulty was overcome by treating 
a high concentration of enzyme with the thiol under 
anaerobic conditions and qmckly dilutmg the 
suspension about 60 tunes before measurmg the 
enzyme activity The final very low concentration 
of the thiol was then without appreciable effect on 
the enzyme In some experiments, such a high con- 
centration of thiol was necessary to reactivate the 
enzyme that the thiol concentration, even after this 
60 fold dilution, was appreciable and caused a small 
iMotivation of the enzyme In these experiments, 
the extent of the mactivation was detenmned m 
a separate control experiment and taken mto 
account when calculatmg the degree of reactivation 
of the enzyme (see Pig 8) 

the presence of an, the relative effectiveness of 
^erent thiols m reversmg the mhibition caused by 
hH combming reagents will depend, not only on the 
relative affimty of the thiol and the enzyme for the 
mhibi^, but also on the rate of oxidation of the 
uol The latter factor must be taken mto account 

n nlr w findmg of Barron & Kalmtsky 

a947) that several dithiols were more effective than 
in reversing the inhibition of the succimc 
oxido^ system caused by various heavy metals 

aerobicZnditioDs 
and Barron, Miller ,<L Kalmtsky (1947) had pro- 


(1) P ■^Wmophenylarsencxnde 
pamt.fn''aff The heart muscle 

7^ ammo^benyMrseno^i'^r^'^ o'f he^" 


preparation for 30 nun at 37°, was reactivated by 
treatment with BAL for various tunes before 
dilution The results, which are given m Fig 8, show 
that the reactivation was qmte rapid It should be 
noted that the tunes of contact with BAL refer only 
to the tune before ddution It seems likely, from the 



Fig 8 Rate of reactivation of sncomic dehydrogenase, after 
inhibition by p ammophenylarsenoxide, by treatment 
mth BAL under anaerobic conditions, eqmr BAL/eqmv 
y aminophenylarBenoxide=3 76 hhxtnreA, 12 ml heart- 
mnsde preparation + 6 ml water kept at 37° for 30 mm., 
2 ml A diluted with 4 4 ml 0 18 m phosphate buffer, and 
Buccmio dehydrogenase activity of 0 2 ml of diluted 
solution detenmned, value a Mixture B, 12 ml. heart- 
muscle preparation +6 ml 0 0005 m p ammophenylarsen 
oxide kept at 37° for 30 min , 2 mb B diluted with 
4 4 mb 0 18 m phosphate buffer, and sucomio dehydro 
genase activity of 0 2 mb diluted solution detenmned, 
value 6 Samples of A (2 ml ) placed m Thunberg tubes, 
containing 0 25 ml 0 005 m BAL m hollow stoppers 
Evacuated, contents of Thunberg tubes mixed and reacted 
for vanous tunes before rapidly diluting with 4 4 mb 
0 18 M phosphate buffer, 0 2 ml of diluted solutions 
taken immediately for measurement of succimc de 
hydrogenase activity, value c Samples of B (2 ml ) 
treated m exactly the same maimer, value d Percentage 
mactivation = 100 (o—5)/tt= 88, percentage reactivation 
= 100 (adjc-b)!(a~b) 

shape of the curve, that some reaction took place 
either dunng or after dilution and the curve should 
not be taken to represent the true rate of reactiva 
tion It can be seen, however, by comparison with 
Fig 1, obtamed imder the same conditions, that the 
rate of recmtivation was considerably greater than 
the rate of mactivation 

(6) Reactivation by different concentrations of BAL 
arid OSH The effect of different concentrations of 
BAT, on the degree of reactivation is shown m Fig 9, 
which mcludes measurement both of succimc de 
hydrogenase and of the complete succimc oxidase 
system The succimc dehydrogenase and the com 
plete system were reactivated to about the same 
extent Under the conditions of this experiment, the 
reactivation was not qmte complete, amountmg to 

0 2 
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about 80% of full reactivation Tlus may be because, 
durmg the necessary mampulations, the enz3un0- 
arsemcal compound was allowed to stand for over 
1 lir before the addition of the BAL Barron & 
Smger (194:6) found that complete reactivation of 



Fig 9 Eeactivation of aucomio dehydrogenase and sucoimo 
ondaae, after treatment with p anunophenylaraenoade 
(0 S fteqmv /ml heart-muaole preparation), by treatment 
with various concentrations of BAL under anaerobic con 
ditions O, sucoimc oxidase, O, suocmio dehydrogenase 
Procedure as Pig 8, reactivation time, 30 mm , maotiva 
tion, 85 % 

the enzyme inhibited by p chloromercunbenzoate 
occurred only when the thiol (GSBL) was added soon 
after the mercurial and suggested that the enzyme 
whose SH groups are combmed is readily denatured 
on standing The most mterestmg feature of Fig 9 
IS the small amount of BAL required to produce the 
maxunum reactivation, viz about twice the amount 
of BAL equivalent to the arsenical added, BAL 
exactly eqmvalent to the arsemcal produced 80 % of 


1949 

the maxunum reactivation obtamed Wlien a similar 
experiment was carried out m an open test tube, BAL 
equivalent to 2 6 tunes the amount of arsemcal re 
activated to the extent of only 36 % , even allowing 
for the mactivating effect of BAL itself These find 
mgs may be compared with those of Barron, Miller, 
Bartlett, Meyer & Smger (1947), who found that BAL 
equivalent to 2 6 tunes the concentration of lewisite 
reactivated the succmic oxidase system by 83%, 
while double this amount completely reactivated 
the system The amoimt of BAL required to reverse 
the inhibition of the succmic dehydrogenase by 
p-ammophenylarsenoxide is considerably less than 
that found by Stocken, Thompson & Whittaker 
(1947) to be necessary to reactivate the pjTuvic 
oxidase system after the action of various therapeutic 
arsemcals 

GSH was much less effective than BAL m re 
versmg the inhibition, thus, GSH eqmvalent to 1 6 
tunes the concentration of arsemcal produced no 
measurable reactivation, while 7 6 tunes the 
eqmvalent concentration caused 36 % reactivation 
This result is similar to that obtamed by Barron, 
MUler, Bartlett, Meyer & Smger (1947), who found 
that GSH equal to 6 tunes the lewisite used reversed 
the mlubition by 23 % 

(2) o-Iodo8obetwoa<e 

The experiments reported m Table 6 show that 
much greater amounts of thiol are required to 
reverse the inhibition caused by 0 lodosobenzoate 
BAL eqmvalent to 10 tunes the amount of oxidizmg 
agent reactivated the succmic dehydrogenase by 
61 % , while BAL eqmvalent to 60 tunes the amount 
of lodosobenzoate brought about nearly complete 
reactivation GSH was rather less effective than 


Table 6 Reactivation of succinic dehydrogenase and of succinic oxidase 
after inhibition by o lodosobenzoate 

(Exp 1 6 ml heart-muscle preparation treated with 6 ml 0 001 M 0 lodosobenzoate for 30 mm at 37°, 2 ml sarnies 
pipetW mto Thunberg tubes containing BAL or GSH in hollow stoppers Contents mixed evacuation of tutes A^r 
30 mm. at 37°, tube opened, contents qmckly diluted to 6 mb with phosphate buffer, 0 2 ml samples pipetted mto mano 
meter flasks and qmckly diluted with buffer Exp 2 Thunberg tubes contamed 1 ml heart-muscle preparation and 
0 3 ml 0 OOlM lodosobenzoate m mam compartments and BAL or GSH m hollow stoppers Evacuate^llowe 
for 30 mm at 37°, then mixed and aUowed to stand a farther 30 mm at 37° Subsequent treatment as m Exp 1 Percentage 
reactivation calculated as m Fig 8 ) 


pequiv o lodoso- 
benzoate/ml 
heart-muscle 
preparation 

20 


06 


Inhibition (%) 


Succimc 

Oxidase 


96 


Succmic 

dehydrogenase 

67 


89 


Ratio of BAL or 
Reaotivatmg GSH (eqmv ) lodoso 
benzoate (eqmv ) 


Reactivation (%) 


agent 

Exp 1 
BAL 
BAL 
GSH 

Exp 2 
BAL 
BAL 
GSH 


Succmic 

oxidase 


15 
6 

16 


10 6 
60 
60 


26 

64 

32 


Succmic 

dehydrogenase 

12 

29 

0 


61 

92 

70 
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BAL The inhibition of the complete system was 
much less readily reversible than that of the succmic 
dehydrogenase 


(3) Oxidized glutathione 

Owmg to the necessity of usmg very high con 
centrations of GSSG to mhibit the enzyme, it -was 
not possible to use a large excess of thiol to reactivate 
the enzyme In the experiment shown m full m 
Table 6, BAL, egminlent to twice the concentration 


Table 6 Beactivation of sucotntc dehydrogenase and 
succinic oxidase after treatment imth oxidized 
glutathione 


(A, 1 ml heart-musde preparahon kept at 37“ for 1 hr , 
dilated to 5 ml and Bnecimo oxidase and snccinio dehydro 
genase determmed on 0 2 mL samples B, 1 ml heart- 
mnsde preparation + O 2 mL OOSmGSSQ (prepared by 
aerobic oxidation of neutralized 01m GSH) kept at 37“ for 
1 hr Then as A C, 1 mL heart-muscle preparation m Tnam 
tube and 0 2 ml 01 m BAL m hollow stopper Contents 
mixed after evacnation and kept at 37“ for 30 min Then 
^ B, 1 mL heart-muscle preparation m mam tube 
and 0 2 mL 0 iM BAL m hollow stopper 0 2 ml 0 05m 
GSSG added to heart-muscle preparation, kept at 37“ for 
1 hr Then evacuated, contents of hollow stopper mixed with 
those of mam tube and kept at 37“ for 30 mm Then as A.) 


Exp 

A 

B 

C 

D 


Inhibition by GSSG (%) 


A-B 

A 


xlOO 


Sucoimo 
oxidase 
(pLOj/10 min, ) 

1017 
46 5 
78 9 
16 G 


66 


Succinio 

dehydrogenase 

(pLOj/20 mm ) 
62 
41 1 
65 2 
63 6 


36 


Reactivation by B AT. (%) 


AD/C-B 

A-B 


xlOO 


-46 


+91 


Hoplvins et al (1938) treated the washed muscle 
with GSSG under anaerobic conditions It was found 
m the present study that the mhibitions of both the 
complete succmic oxidase system and of succmic 
dehydrogenase and the reactivations by BAL were 
the same, whether the enzyme was treated with the 
GSSG m the presence or m the absence of au- 

Inhibition by GSSG was not reversed by 0 01 m- 
oyamde, the concentration used m the measurement 
of the succmic dehydrogenase by the manometnc 
method, with methylene blue as earner This was 
shown by the fact that the degree of mlubition 
was the same whether the sucouuc dehydrogenase 
activity was measured by tins manometnc or by 
the Thunberg method, m which cyanide is not used 

(4) p Chloromercunbenzoate 

Heart muscle preparation, treated xvith sufiicienu 
p chloromercunbenzoate to inhibit completely the 
oxidation of sucemate by methylene blue m the 
absence of potassium cyamde, was reactivated by 
SO % by the addition of 0 01 m cyamde Strangely, 
the inhibition was not reversed if cyamde was added 
to the Barcroft flask after the sucomate 

After complete inhibition by 1 5peqmv of 
p chloromercunbenzoate per ml of enzyme pre 
paration, the complete succmic oxidase system was 
reactivated by 31% "with an amount of GSH 
eqmvalent to the mercunal used and by 66 % with 
6 tunes as much GSH The succmic dehydrogenase 
was reactivated to the same extent as the complete 
system The enzyme was also readily reactivated 
(73%) by adding 0 13% denatured globm to the 
manometnc flask m which the enzymic activity was 
measured * In marked contrast, however, the 
enzyme was not m the slightest degree reactivated 
by BAL m an amount eqmvalent to 6 tunes the 
amount of mercunal used 


of GSSG i^d to inhibit the enzyme, complel 
reactivated the succmic dehydrogenase, but id 
^tiTOte the complete succmic oxidase system 
fact the mlubition of the latter mcreased dunne 
“ HBpossible to comp 
? I w >^ver8ibihty after treatment v 

amount of 

foi^e than that of 

former that the concentration of BAL presenl 

the experiment with GSSG was greater than m 
^riment with o lodosobenzoate, although 
m atu^ concentrations of reactivating awnt 
mlubitor ivoro much greater m io++ ^ agent 
Further infr„-r„of * *'be latter exjienmi 

I'urtiier mformation on the reversibil.tV 

onzvnie si stem alter treatment wift GSSr 
probab V be obtamed if “ GSSG cc 


C Spectroscopic observations 

A normal cytochrome spectrum was obtamed 
when sodium ditluomte (NajSjO^) was added to 
heart muscle prepiaration treated with sufficient 
p ammophenylaraenoxide, o lodosobenzoate or p 
chloromercunbenzoate to inhibit completely the 
activity of the sucouuc oxidase system The bands 
did not appear, however, when sucemate was used 
instead of NajSjO, , showmg the absence of an active 
succimo dehydrogenase IVhen denatured globm was 
added to the tube contauung sucemate and the heart 
muscle preparation treated with the mercunal, the 

* Under the same conditions, the enzyme treated with 
one third as much arsenical (i e 0 5 pcqmv /mL of heart- 
mnscle preparation) was reactivated by 25 % by treatment 
with globm. The succimc dehydrogenase and the com 
plete succmio oxidase system were reactivated to the same 
extent 
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bands of the cytocliromes immediately became 
visible Thus the spectroscopic observations are m 
agreement with the manometnc experiments 
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DISCUSSION 

Inactivation of succinic dehydrogenase by 
aulphydryl combining reagents and reactivation 
by sidphydryl containing compounds 

Under the conditions of the experiments described 
above, the reaction between the enzyme and the 
arsemcal or 0 lodosobenzoate was slow The slowness 
of the reaction must be considered when comparing 
the activity of different arsemcals Barron, Aliller, 
Bartlett, Meyer & Smger (1947) found that lewisite 
was much more effective than other orgamc arsemcals 
or morgamc arsemte m mhibitmg the succuuc oxidase 
system If all arsemcals combme with the same 
groups on the enzyme to form a difBcultly dissociable 
complex, one would expect aU arsemcals to be 
equally effective, if they are allowed to react with 
the pure enzyme for a sufficient length of tune The 
differences found by Barron, Miller, Bartlett, Meyer 
& Smger may be due to differences m the rates of 
combmation, not m the capacity for combmation, or 
to differences m the relative rates of combmation of 
the arsemcal with the succuuc dehydrogenase com 
pared with the rate of combination with other protems 
which are present m the enzyme preparation and 
which protect the enzyme from mactivation These 
pomts require further mvestigation It should be 
noted that the present finding, that the arsemcal re 
acts slowly with the enzyme, is not m agreement with 
Barron & Smger (1946), who found that the inhibition 
was complete after 6 min Many of the ffndmgs of the 
present co mmuni cation do not agree with those of 
Barron and his co workers This may be due to the 
different method employed m studymg the inhibition 
and perhaps also to the different enzyme preparation 
used (Barron & Smger (1946) used a preparation 
made by treatmg washed skeletal muscle m a Warmg 
blender with phosphate buffer , it was not purified by 
acid precipitation) The concentration of the enzyme 
durmg treatment wath the SH combining reagents 
m the present studies was about 100 times that used 
by Barron & Singer (1946) 

The findin g that GSSG reacts with the enzyme 
very slowly, and that high concentrations and long 
mcubation tunes are necessary to obtam an appre 
ciable mlubition, is m agreement with the origmal 
observations of HopkmsefaZ (1938) This is probably 
due to the difficulty of penetration of the large 
molecule of GSSG (mol wt 612) to the site of the 
inhibition Keilin & Hartree (1940) found that 
disulphides such as tetraethyldithiocarbamyldisul 
phide and tetrathionate, whose molecular structure 
resembles that of pyrophosphate which is probably 


a competitive inhibitor of succuuc dehydrogenase, 
are much more powerful inhibitors than GSSG 
possibly because they can penetrate more readily to 
the active centre of the enzyme which may be the 
site of the inhibition 

It IS customary to express the effectiveness of an 
inlubitor of an enzyme m terms of the concentration 
of the reagent which produces a certam inhibition 
This unphes that the degree of inhibition is, m fact, 
detemunedbytheconcentrationofthemhibitorwhen 
the enzyme activity is measured and not by the con 
centration of the enzyme This is the case when the 
inhibitor enters mto a loose easily reversible com 
bmation with the enzyme and the inhibition is 
reversed by dilution The inhibitors, with which we 
are concerned m this paper, do not, however, form 
such an easily reversible compound, but take part m a 
chemical reaction which proceeds practically to com 
pletion, and the compound formed 13 not dissociated 
by subsequent lowermg of the concentration of the 
inhibitor by dilution The degree of inhibition depends 
then, not on the final concentration of the inhibitor 
m the enzyme solution when the activity is measured, 
but on the ratio of the concentration of the inhibitor 
to that of the enzyme provided that sufficient tune 
IS allowed for the reaction to proceed to completion 
The actual concentrations of the reactants wiU, of 
course, affect the rate at which this pomt is reached, 
and become more important than the ratio of the 
concentrations when the reaction is very slow, for 
example, when GSSG is the inhibitor 

If the effect of o lodosobenzoate is to oxidize SH 
groups m the enzyme molecule to S S, it is not 
surprismg that removal of the inhibitor should have 
no effect on the mactivated enzyme It is surpnsmg, 
however, that, after treatment with the arsemcal, 
the enzyme cannot be reactivated by removmg the 
untreated arsemcal and washing with water It is 
generally beheved that the reaction of the enzyme 
with the arsemcal is 


Arsenical Enzyme-arsenical compound 


gg 

-1-0= As — B ^As — R + HjO (1) 

— SH 
Enzyme 

If this IS the case, one would expect tliat removal of 
the arsemcal would cause some dissociation of the 
mactive enzyme arsemcal compound, but this does 
not appear to occur No reactivation was obtamed 
by dilutmg a partially mactivated enzyme prepara- 
tion 66 fold even after keepmg it 3 hr before 
measurement of the succuuc oxidase activity The 
equihbnum of the above reaction must he far to the 
right In this respect, succuuc dehydrogenase 
resembles kerateme, Stocken cfc Thompson (1946a) 
found that 86% of the arsemc combmed with the 
kerateme remamed after precipitation at pH 4 6 and 
washing 
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p Chloromercunbenzoate differs from the other 
agents used m several important respects, viz (a) it 
mactivates the enzyme more rapidly, (6) it does not 
react with other substances m the enzyme prepara 
tion before attacking the enzyme, (c) its action is 
readily reversed by GSH or denatured globm, but 
not by BAL, the action of the arsemcal is, on the 
other band, reversed much more effectively by the 
ditbiol than by the monotbiol or globm, and BAL is 
also rather more effective than GSH m reversing the 
effect of 0 lodosobenzoate 

Tliese differences are probably aU connected with 
the fact that the mercurial combmes with only one 
SH group thus, 

— SH + B— Hg— Ca — S— Hg— R + ECl, (2) 


wliile the arsemcal combmes with two such groups 
(either on the same or on different enzyme molecules) 
as shown m reaction (1) and the oxidizmg agent also 
requires two SH groups to form a disulphide 

-SH — S 

+R^I=0 -V I +R— I + H,0 (3) 

— SH — S 


It IS readily understandable that the reaction with 
one SH group might be more rapid than that with 
two SH groups The second pomt of difference 
between the mercunal and the other inhibitors 
probably follows from this difference m the rates of 
the reaction, if it is assumed that the enzyme pre 
paration contains substances which, unhke the 
enzyme, are readily attacked by both types of 
inhibitor The third pomt of difference can be ex 
plamed by assuming that the mercunal readily com 
bmes with monothiols, but not with dithiols like 
BAL Arsemcals, on the other hand, are known from 
the work of Stocken & Thompson (19466), extended 
by Whittaker (1947), to combme much more easdy 
with dithiols, With which they can form stable rings 
contoi^g the arsemc and the sulphur GSH and 
BAL do not differ so markedly m theu capacity to 
reverse inhibition by lodosobenzoate, and the greater 
nctmty of BAL m tlus case may be due to the 
s ronger reducing properties of this compound 
Denatured globm behaves, m respect of its abihty 
to reveree inhibition by the mercurial and the 
arsenical, like a monothiol Mirsky & Anson (1936) 
denatured globm, like other de- 
groups '^o'^toms a number of reactive SH 

vould of mercuric chloride, which 

(it cues ^thiols 

wth mnnoH precipitate with BAL) than 

dithiols than bVmonTtirL 


From the pomt of view of the position of the final 
equihbria, the reactivation of the enzyme inhibited 
by arsemcals can be explamed by competition 
between the BAL and the enzyme for the arsemcal 
aecordmg to the equations 


— SH 
— SH 


+ 0=A8 — B 


CH,— SH 

in— SH +0 =As— B 
in,— OH 


^^''SAs — R + HjO, 

— s/ 

CH,— S\ 

I yAs — R + H,0 

CH — S/ 


(4) 

( 6 ) 


However, such an explanation mtroduces a kmetio 
difficulty It has already been shown that the 
reaction between the enzyme and the arsemcal is 
slow and that the position of the equdibrium m 
reaction (4) is far towards the right It must foUow 
that the reverse reaction (4) is still slower than 
the forward, consequently no matter how fast the 
reaction between BAL and the arsemcal, the rate 
of dissociation of the enzyme arsemcal compound 
would be the reaction hmiting the reactivation of the 
enz 5 me, which would therefore be very slow How 
ever, contrary to this conclusion, it was found that 
the reactivation was much more rapid than the 
mactivation 

This suggests that the above equations do not 
correctly express the reactions mvolved Two 
possible modifications are as follows 

(а) The process hmitmg the rate of mactivation 
IS not the actual oombmation between the enzyme 
and the arsemcal, but the rate of diffusion of the 
arsemcal to the reactive groups of the enz 3 me Thus 
the actual velocities of the forward and reverse 
reactions (4) may be much greater than mdicated by^ 
the slowness of the mactivation Aecordmg to this 
view, the relatively rapid reactivation is due to the 
ease of penetration of BAL to the site of the m- 
hibition, and to the fact that the Eirsemcal BAL 
compound diffuses more rapidly than the arsemcal 
This explanation is supported by the abihty of BAL 
to penetrate rapidly mto tissues and thereby combme 
with lewisite some time after contact of the tissue 
with the lewisite (Stocken & Thompson, 19466), and 
by the finding of Peters & Stocken (1947) that the 
compound between BAL and mapliarside (which is 
very similar to the arsemcal used m the present 
mvestigation) is more toxic to rats than the arsenical 
itself, presumably owmg to readier penetration of 
the compound to sites wluch are dangerous to the 
a nim als 

(б) The reactivation is not due to competition 
between the enzjme and the BAL for the arsenical 
formed by dissociation of the enzxme arsemcal com 
pound, but essentially irreversible reactions are 
m\ol\ed, both m mactivation and reactnation 
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Inaotivation 
— SH 

+ 0=A8— R 

— SH 


— S 


^As— R + HjOi 


( 6 ) 


Reactivation 


CH,— SH 

— SH 

>As— R + in— SH 

1 

->■ + 

CHa— OH 

— SH 



la auccxmc dehydrogc7iaae a monoUnol or a ditlnolP 

Dithiols were introduced aa antidotes in arsenical 
poisoning by Peters eiai (1946) Stocken & Thomp- 
son (19466) found that the inlubition of the pyruvic 
oxidase system by arsemcals was completely re- 
versed by ditluols, while monotluols were meffective, 
and su^ested that this was due to tlie fact tliat the 
arsenical combmea with two essential SH groups, 
closely situated m the enzyme molecule, so as to 
form a relatively stable cychc structure Smce the 
dithiol BAXi IS also much more effective than GSH 
m reversing the inhibition of succimc dehydrogenase 
by p ammophenylarsenoxide, it might appear 
justifiable to conclude that the suocuuc dehydro 
genase molecule also contains two closely situated 
SH groups 

Before considermg this matter, it should be noted 
that there are important differences between the 
pyruvic and succimc enzymes with regard to mhibi- 
tion by arsemcals and reversal by thiols, as has been 
pomt^ out by Thompson (1948) Thus, Stocken 
& Thompson (19406) have shown that monothiols 
are completely meffective m preventmg or reversmg 
the action of arsemcals on the pyruvic enzyme, 
whereas Barron, Miller, Bartlett, Meyer & Smger 
(1947) and the present mvestigation have shown that 
GSH IS able to reverse partially the inhibition of the 
succimcf enzyme, although it is much less effective 
than BAL In addition, it has been shown by Peters, 
Smclau & Thompson (1940) that m bram prepare 
tions contammg both enzymes, the pyruvic is much 
more susceptible than the succimc enzyme to 
arsemcals 

It does not necessarily follow from the greater 
effectiveness of ditluols compared with monothiols 
m reversmg the inhibition by arsemcals that the 
enzyme is, itself, a dithiol The weakness of this type 
of argument is shown by the fact that if apphed to 
the findings with the arsenical it would be concluded 
that the succimc enzyme was a dithiol, while if 
apphed to the experimeiits with the mercurial, the 
conclusion drawn would be that the enz3m3e was 
a monotluol As it is the same enzyme m both cases, 
the different results obtamed must be a property of 
the inhibitor, not of the enzyme Smce Stocken 
&, Thompson (19466) have shown that dithiols form 
more stable compounds with the tnvalent arsemcals 


1949 

than do monothiols, it would be expected that the 
dithiols would be more satisfactory reactivating 
agents, regardless of the nature of the combination 
between the arsemcal and the enzyme 
Tlius it is not permissible to conclude, from the 
experiments on the reactivation of the enzyme 
inlubited by arsemcals, that the enzyme contains 
two SH groups wluch react with the same arsemc 
atom The other findin gs, m fact, without defimtely 
setthng the matter, suggest that it is more likely 
that the enzyme contains only one SH group 
necessary for activity, smce it is difficult to reconcile 
otherwise the great ease of mhibitiou by the mercurial 
with the failure of BAL to reactivate after such 
inliibition, which shows that the mercurial does not 
readily react with compounds contammg two closely 
situated SH groups The findin g that BAT, m an 
amount eqmvalent to the amount of arsemcal com 
bmed m the enzyme almost completely reactivated 
the enzjme, showmg that the arsemcal forms a very 
much firmer union with the simple dithiol than with 
the enzyme, is also m agreement with this view If 
the enzyme contains only one essential SH group, 
it IS probable that the arsemcal and oxidizmg agents 
combme with two SH groups from different mole 
cules, only one of which may be the group on the 
enzyme necessary for its activity 

Componenia of the aruxxmc oxtdaae system 
tnhibtied by SH combining reagents 

It has been shown that the inhibition of the 
complete succimc oxidase system by the arsemcal 
can be accounted for by the inhibition of the succimc 
dehydrogenase The simplest explanation of the 
action of arsemcals is that they combme with two 
SH groups, either both m the same succimc de- 
hydrogenase molecule or on different molecules, and 
it would be expected that SH groups capable of 
reacting m this way would be oxidized by oxi dizin g 
agents to disulphides However, the fact that the 
complete siiccmic oxidase system is affected to a 
greater extent than the succimc dehydrogenase shows 
that the latter is not the only pomt of attack by 
oxidizmg agents on the system The curve shown m 
Fig 2 mdicates that two reactions are proceedmg, 
even at room temperature, and the further oxidation 
might proceed even more readily at 38° The other 
part of the system which is attacked can also be 
reactivated by treatment with thiols, but with much 
greater difficulty than is the succimc dehydrogenase 
The fact that the action of an oxidizmg agent can be 
reversed by treatment with SH compounds is often 
taken as an mdication that the oxidizmg agent has 
attacked SH groups However, this does not 
necessarily follow Other groupmgs besides SH 
groups might be oxidized by oxidizmg agents and 
reduced by subsequent treatment with reducmg 
agents It seems preferable to consider that SH 
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groups are attacked only when the enzyme is m 
hibited by a variety of agents, viz alkylating agents 
— such as lodoacetate or chloroacetophenone — 
orsemcals and mercaptide forming agents In this 
case, the other portion of the S5^tem is not attacked 
byarsemcals It has been shown that the cytochrome 
ovidase activity is not affected by oxidizmg agents 
It seems possible then, that the oxidizmg agents 
affect, m addition to the succmio dehydrogenase, the 
component of the succmio oxidase system which 
hnks the dehydrogenase to cytochrome c, and, as is 
discussed elsewhere (Slater, 1949 c), is destroyed by 
coupled oxidation with B AL or GtSH Howev er, the 
possibihty that the oxidizmg agents, m addition to 
their effect on SH groups, have the non specific 
type of effect on the system diseussed by Keihn 
& Hartree (1949) and Slater (1949d) cannot be 
excluded 

It IS mt©T6stmg that treatment of the enzyme with 
GSH, m the absence of air but m the presence of 
GSSG, moreasedthe inhibition of the succmio oxidase 
system while the succmio dehydrogenase was com 
pletely reactivated It is possible that GSSG, m the 
high concentration used m this experiment, may be 
able to replace oxygen m promoting the destruction 
by BAL of the component of the system mentioned 
m the preceding paragraph However, this pomt 
requires further clarification 

It IB somewhat surpnsing that the enzyme, 
inhibited by oxidizing agents, is not reactivated by 
potassium cyamde (0 01m), smce Walker (1926) 
showed that cyamde reduces disulphides Possibly, 
lugher concentrations of cyamde would be effec- 
tive 


Tlie effect of p ohloromercunbenzoate is rather 
comphcated It is clear that it attacks the complete 
systemmore reeidily than the succmic dehydrogenase 
portion This is m agreement with the work of Cook 
A. Perisutti (1947) and of Cook, Kreke, McDevitt 
d Bartlett (1946) on the effect of phenylmercunc 
mtrate on the succmic oxidase system, although with 
this reagent these workers found a greater difference 
between the two inhibitions p Cliloromercun- 
benzoate inliibited cytochrome oxidase, but this is 
insufficient to account for the greater effect on the 
complete succmic oxidase system than on the succmic 
oUj drogeiiQse, Binco tli6 cytooliroino oxidaso is 
not the Imiitmg factor m the succmic oxidase 
8\ stem in the heart muscle preparation Cook et al 
(1940) also found an mhibition of the cytochrome 
oxidf^ nctmt% mth phenylmercunc mtrate Thej 
foimd, m addition, that other enzymes, viz lactic 
deln drogenwe and catalase, which do not usuallj 
mact wth SH combimng reagents, were mlubited bv 
this compound Tins suggests that these mercunak 
bale a nonspecific effect on the entire succmic 


The function of the sulphydryl groups in succmic 
dehydrogenase 

Smce succinate or competitive inhibitors of 
succmio dehydrogenase (which are assumed to 
combme with the enzyme at the same pomt as 
eucomate) protect the enzyme from the action of 
SH combining reagents, Hopkms & Morgan (1938) 
eu^ested that the SH group is at or near the pomt 
•where succmate attaches itself to the enzyme How 
ever, smce succinate was unable to reduce succmio 
dehydrogenase treated with GSSG, these authors 
concluded that oxidation of SH to S S chd not play 
any part m the catalysis of the oxidation of succinate 
potter & Dubois (1943), on the other hand, have 
ascribed such a ca'talytic function to the SH group, 
whichis presumed -to mediate the transfer of electrons 
from succma'te to cytochrome oxidase, by osciUatmg 
between the EnSH and EnS forms They suggest 
that the SH group hes between two ‘carbonyl 
affimty groups’, which form hydrogen bonds with 
the carbonyl oxygen atoms of succmic acid By 
means of atomic models. Potter & Dubois were able 
to show that the combmation of the type they 
eninsage would result m the hydrogen atoms of 
succinate bemg directed towards the SH group, 
while the hydrogen atoms of malonate would be 
directedaway,thuserplammgthefaotthatmalonate, 
although combmmg with the enzyme, is not oxidized 
Although this theory ofPotter & Dubois satisfactorily 
explains some of the properties of the enzyme, a 
ftirther examination to see if it can explam the speci- 
ficity of the enzyme and competitive inhibition by 
oxaloacetateandpyrophosphate seems to be required 

Unpubhshed experiments of the author have 
raised some doubt whether it is even permissible to 
conclude from the experiments of Hopkins & 
Morgan (1938) and Potter & Dubois (1943) that the 
SH group IS near the pomt where the succmate is 
attached to the enzyme molecule It was found that 
succmate and competitive inhibitors ■wdl protect the 
succmic oxidase system from destruction by BAL, 
although the pomt of attack on the succmic oxidase 
system is not even on the succmic dehydrogenase, 
but on a completely separate component This 
suggests that the attachment of succmate or a com- 
petitive inhi bitor -to the succmic dehydrogenase has 
an effect extendmg beyond the succmic dehydro- 
genase molecule itself It is knovm that the separate 
components of the succmic oxidase system must be 
closely associa'ted ■with one another, so that each 
component is easily accessible to those ■with which 
it reacts 

SUMMARY 

1 Inhibition of the succmic oxidase system 
by p ammophenylarsenoxide, o lodosobenzoate and 
oxidized glutathione is a slow reaction, p chloro- 
mercunbenzoate reacts much more rapidly 
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2 The heart muscle preparation contamed sub- 
stances which protected the succmic oxidase system 
from small amounts of p ammophenylarsenoxide 
and o lodosobenzoate, but not of p chloromercuri 
benzoate 

3 p-Ammophenylarsenoxide acts on the succmic 
oxidase system by mhibitmg the succmic dehydro 
genase O vidizmg agents (o lodosobenzoate, oxidized 
glutathione and cupnc salts )haveamore pronounced 
effect on the succmic oxidase system than on the 
succmic dehydrogenase, possibly by oxidizmg the 
factor Imkmg succmic dehydrogenase with cyto 
chrome oxidase p Cliloromercuribenzoate also 
affects the succmic oxidase system more than the 
succmic dehydrogenase, m addition, it has some 
effect on the cytochrome oxidase It is likely that 
inhibition of the succmic oxidase sj’stem byp chloro 
mercunbenzoate is partly due to a non specific effect 
on the entire succmic oxidase system 

4 After treatment with sulphydryl combining 
reagents, the enzyme was not reactivated by dilution 
or by precipitation of the enzyme and washmg away 
the excess inhibitor 

5 After inhibition by p ammophenylarsenoxide, 
the enzyme was rapidly reaetivated by small con 
centrations of BAL Reduced glutatluone ivas less 
effective and denatured globm only slightly effective 
as reactivating agents The succmic dehydrogenase 
and the succmic oxidase system were reactivated 
to the same extent 

6 After inhibition by lodosobenzoate, the succmic 
dehydrogenase was almost completely reactivated 
by high concentrations of BAL Reduced gluta 
tluone was slightly less effective The succmic oxidase 
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system was less readdy reactivated than the 
succimc dehydrogenase 

7 BAL readdy reactivated the succmic dehydro 
genase after partial mlubition by oxidized gluta 
thione, but mcreased the inhibition of the succmic 
oxidase system Cyamde did not reactiiate the 
enzyme inhibited by oxidized glutathione 

8 Succimc dehydrogenase inhibited by p cliloro 
mercunbenzoate was largely reactivated by 0 01 11 
cyamde The succimc oxidase system, after treat 
ment with the mercury compound, ivas readdy 
reactivated by reduced glutatluone and denatured 
globm, but not by BAL 

9 It IS suggested that the action of these m 
hibitors on the succimc oxidase system be expressed 
m terms of the amount of inhibitor required to react 
with a defimte amount of the enzyme preparation, 
not b}' the concentration of mliibitor required to 
produce a certam effect 

10 The differences between p chloromercim 
benzoate and the other inlubitors can partly be 
explamed by the fact that this compound reacts with 
one sulphydryl group, whde the other compounds 
require two sulphydryl groups 

11 The avadable evidence is not sufficient to 
decide defimtely whether succmic dehydrogenase 
contains one or two sidphydryl groups which are 
necessary for its activity, although one is the more 
likely 

I would hke to thank Prof D Keilin, F B S for his 
mterert and adwce. Prof R H S Thompson for providing 
the BAL, Dr S V Perry for supphung the p ohloromercun 
benzoate and the British Council for a scholarship 
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The Relationship between the Constitution and the Effect of 
Chemical Compounds on Plant Growth 

1 2 PHENOXYETHYLAJIENrE DERIVATIVES 

By R L JONES, T P SIETCALFE and W A SEXTON 
Imperial Chemical Industries Limited, Dyestuffs Division, Besearch Laboratories, Blackley, Manchester 

(Bepcited 9 February 1949) 

Die discovery of the selective herbioidal effect of the tration of 3 mdolylpyruvic acid produced the same 
substituted phenoxyacetio acids (Slade, Templemsai effect, but this was not so with tryptamine It 
&y Sexton, 1946, Templeman & Sexton, 1946o) has appears to have been generally assumed, without 
prompted a further mvestigation of related com- much direct evidence, tliat the pathway from 
pounds, with particular regard to the ongm and tryptophan to 3 mdolylacetic acid is the same m 
function of 3 mdolylacetic acid m green plants The plants as m bacteria, proceedmg through 3 mdolyl- 
auxins of green plants exist only to a limited extent pyruvic acid by the route mdicated m Fig 1 It is 



H 

S-Indolylaceuc aad 


Fig 1 Alternative path-ways from tryptophan to p mdolylacetic acid 

in the free state, the greater portion bemg present theoretically possible, however, tliat the first step 
ei lor ns complexes, possibly of a proteinaceous might be decarboxylation to trj^itamme, followed 
na uro, or ns siologically inactive precursors It by enzymic com ersion to S-mdoh lacetio acid, 
t that 3 mdolylacetic acid m perhaps via the aldehyde It is also possible that 

phnn ^ bactena, ongmates from trypto more than one route may operate or that different 

hv thiTr d has been provided plant species use different routes Thus, although the 

that infiUratf ^ *Wman, Fern & Bonner (1947) experiments of Wddman et al (1947) usmg spinach 
CTonth in^ fiypfophan to spinach leaves may be taken as evidence against the trvptamme 

‘auxin’ in iTf” 1 route, it has been shown by Skoog (1937) that 

process nnd*^th tvas required m this trjqitarame can be converted by cut surfaces of 

compound e'idence that a carbonyl Atcna to a substance havmg auxm activity 

an in ennediate metabolite Infil- Decarboxylation of ammo acids may be mferred to 
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ocour m plant tissue as several appropriately consti 
tuted amin es have been recognized in the free state 
Indeed, not only is the molecule of tryptamme dis 
cermble m such alkaloids as harrmne, physostigmme 
and dipterme, but it has been found m the free state 
m certam Acacia species (MHute, 1944) From this it 
may be concluded that the tryptamme route to 3 
mdolylacetic acid is worth serious consideration, at 
least m certam plant species Fmally, it should bo 
added that evidence for the occurrence m plants of 
3 mdolylacetaldehyde has been produced by Larsen 
(1944, 1947) 

The work here desonbed was based upon the 
foUowmg hypothesis Plant growth is regulated, 
perhaps m part, through the mamtenance of a 
critical level or concentration of 3 mdotylacetio acid, 
and this level is mamtamed m a d;>Tiamic system by 
the balance of anabohc and cataboho processes 
Degradation of 3 mdolylacetic acid is known to 
occur m plants, for a degradative enzyme has been 
isolated from the pea epicotyl (Tang & Bonner, 1947) 
Any disturbance of this balance wiU result m 
hormonal dysfunction which may be revealed by 
such symptoms as epmasty, organ modification or 
cessation of growth It follows from this hypothesis 
that the normal precursors of 3 mdolylacetic acid 
may, by conversion to the latter compound, produce 
the same symptoms as 3 mdolylacetic acid itself 

Tryptophan itself, although inactive by the Avena 
test for auxm (Link & Eggers, 1943) is, as stated 
above, convertible to auxm, and it inhibits root 
growth m cress (Audus & Quastel, 1947) 3 Indolyl- 
pyruvio acid is active m the Avena test (K6gl <S, 
Kdstermans, 1936) and so, apparently, is 3 mdolyl- 
acetaldehyde (Larsen, 1947) The work of Skoog 
(1937), already referred to, provides one piece of 
evidence for the conversion of tryptamme to ‘ auxm ’ 
Our colleague. Dr A Rhodes of Jealotts TTill Research 
Station, has found that tryptamme has a marked 
effect m reducing the root length of germmatmg 
cress and a much less marked effect on wheat We 
have confirmed this observation (cf also Audus & 
Quastel, 1947) Smce certam substituted phenoxy- 
acetio acids produce growth effects similar to those 
of 3 mdolylacetic acid, we decided to study the 
problem further by movmg from the mdole senes 
to the substituted 2 phenoxyethyl senes, where 
syntheses are much more easy, and by employmg 
the teohmque of seed gennmation 

METHODS 

Preparation of compounds The oompoundfl selected 
for study vere the substituted 2 phenoiyethylamines 
of the general formula 

CHj CH. KR, 
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in which the benzene rmg contamed appropnate substituents 
and m which R was hjdrogen or a hydrocarbon residue The 
methods employed were conventional and are given here in 
outlme onlj, details of the properties of the new compounds 
en in Table I, together with such analyses as were 
deemed desirable to check the purity of mdindual compounds 
or of a typical member of a senes prepared by a general 
method 

The amines were mode by interaction of the 2 phenoxy 
ethylbromide with excess of NH3 or the appropnate primary 
or secondary ammo When the latter was volatfle, solutions 
m methanol under pressure were employed In the case 
of 2 2 4 dichlorophonoxyethylamme a more convemenfc 
laboratory method was provided by the decomposition, by 
means of boihng ethanoho HCl, of the quaternary salt of 
the phenoxyethylbronude with hexamethylenetetrarmne 

Quaternary salts were prepared either by quatemization 
of the tertiary amines with alkyl hohde or by reaction of 
the 2 phenoxyethylbronude with the appropnate tertiary 
amine Quaternary salts of 2 phenoxyethylbromides with 
hexamethyJenetetramm© were obtained hy reaction of the 
components m hot CHClg solution, from which the orystallme 
salts separated 

Biological methods The general requirement for this work 
was a rapid routme test method which would distinguish 
readily between active and maotive compounds without 
necessarily providing accurate quantitative data Two plant 
species, rape and oats, were chosen as test objects, smce the 
earher work of Templeman A. Sexton (lfi46o, d) had shown 
that several monocotyledonous species were susceptible to 
jcopropyl phenyloarbamate, while some dicotyledonous 
species were generally the more susceptible to P TITITI Ilk© 
herbioidefi, suob as the substituted phenoxyacetio aoids 
The chosen seeds were oats (Arena saitva, var Whit© Wmter) 
and rape (Brasnca campestns, var Enghah Broad Leaved) 

The seeds were allowed to gennmate on agar slopes in 
0 in X 4 in, test tubes, each tube contaimng thr^ rape seeds 
or two oat seeds The number of tubes used was 12 for rape 
or oats at 100 ppm and for rape at 60 p p m , 18 for rape 
atlOppm orlessandforoatsat60ppia.orle3s The tubes 
were mounted vertically m the dark at room temperature, 
and the root lengths measured when the rape roots were 
6-6 cm long (6-7 days) and the oats 6-7 cm long (8-10 days) 
Seeds which failed to gemunate were rejected, and the average 
root length (‘average control length’) of the remainmg seeds 
was measured. With oats, the longest root produced by each 
seed was measured, smoe trial experiments had shown this to 
be reasonably proportionate to the oombmed lengths of all 
the roots In the experimental tubes, the substance under 
test was moorporated with the agar at a concentration of 
100 p p m and greater dilutions were exammed subsequently 
if necessary The seeds were exammed at the same time as the 
controls, and the effect of the chemical was assessed in the 
following way Those substances which oansed more than 
half the roots to be less than 60% of the average control 
length were oharaotenzed as ‘very active’ and are given two 
plus signs m the tables If a substance failed to reduce half 
the roots to less than 60% of the average control length 
it was then reassessed on a basis of 80 % of the average root 
length If more than half the roots were reduced to 80% of 
the average control length, the substance was marked with 
one plus sign and oharaotenzed as ‘active’ If it failed to 
reduce half the roots to 80 % of the average control length, 
it was oharaotenzed as maotive { — ) 



Table 1 New compounds synthesized 


Analyses 


Formula 

C,Hj 0 CH, CH, NHj 
p Cl C.H, 0 CHj CH, NH, 

2 4 1 C.HjCl, 0 CH, CH, NH, 


1 3 4-C,H,Me, 0 OH, OH, NH, 

1 5 2-C,H,MeCl 0 CH, CH, NH, 

2 4 61 C,H,C1, 0 CH, CH, NH, 

2 C,,H, 0 CH, CH, NH, 

2 4 1 C,H,C1, 0 CH, CH, NHMe 

2 4 1 C,H,C1. 0 CH, CH, Nile, 

2 4 1 C.H,a, 0 CH, CH, NEt, 

2 4.1 C,H,C1, 0 OH, CH, NHC.H, 


2 4 1 C,H,C1, 0 CH, CH, NMeC.H, 

CH,. 

2 41 C,H,CI, 0 CH, OH, N CH, 

NiH, CH,/ 

/CH, CH,. 

2 4 1 C.Hjd, 0 CH, CH, N C 

\^H Qji / 

(2 4 1 C,H,a, 0 CH, CH, ),NH* 

2 4 1 C.H,CI, 0 CH, CH, NMe,+Br- 
2 4 1 C,H,C1, 0 CH, CH, NAIe,Et+I- 

o ! ] ° (CH,), CH,+Br 

- 4 1 C,H,a. 0 CH, CH. NJIe (CH ), CH,+Br 

O t ! n ° CH,+Br- 

« 4 1 

“41 0,H,C1, 0 CH, CH, NEt,+I- 

2 4 1 C.H.Cl, 0 CH, CH, NM^^ ^H.-t 

hDH or / 

^ *^*^»C1, 0 CH, CH, N C H +Br- * 

(from hexamcthylenetetramm'e) 

°.)™' ™ 


/ 

Pound 

Required 

Physical characteristics 

(%) 

(%) 

HydrooMonde smters at (Hydrochloride) 

o 

CO 

8 05 

180°, mp 210° 

Colourless oil, b p 162- (Hydrochloride) 

N, 6 8 

67 

166°/16 mm Hydrochloride, 
mp 228° 

Pale yellow oil, b p 174- (Base) 

C, 46 8 

46 6 

170°/16 mm Hydrochloride, 

H, 4 65 

44 

mp 188-192° 

(Hydro chlonde) 

0,44 2 

438 


N, 5 8 

68 

Colourless oil, b p 140°/16 (Hydrochlonde) 

N, 7 2 

70 

mm Hydrochloride, m p 

190° 

Colourless oil, b p 164- (Hydrochloride) 

N, 6 3 

63 

166°/16 mm Hydrochlonde, 
mp 162-164° 

Colourless od, b p 170°/16 (Hydrochlonde) 

C, 36 2 

347 

mm Hydrochlonde, m p 

H, 3 35 

3 26 

237-239° 

Hydrochlonde chars at 260° (Hydrochlonde) 

N, 6 6 

63 

Colourless od, b p 160°] 16 (Hydrochlonde) 

N, 5 36 

646 

mm 

Colourless od, b p 160- — 





164°/12 mm Hydrochlonde 
hygroscopic 

Liqmd, b p 100°/0 16 mm (Hydrochlonde) 

N, 4 6 

47 

Hydrochlonde, m p 127-128° 

M p 42-44° Hydrochlonde (Base) 

C, 69 8 

69 7 

decomposed by water. 

H, 4 8 

46 

mp 137-140° 

N, 6 4 

60 

Pale yellow viscous oiL — 

a, 24 05 

242 

b p 260-260°/15 mm In 
soluble m ddute HCl 

Pale yellow od, b p 194- (Hydrochlonde) 

N, 4 8 

45 

196®/ 15 mm Hydro (dilonde, 
mp 168-160° 

Base thick od, b p 210- (Hydrochlonde) 

N, 4 45 

4 5 

212°/16 mm Hydrochlonde, 
mp 86° 

Hydrochlonde, m p 183- (Hydrochlonde) 

N, 3 25 

32 

186° 

White crystals, m p 88-89° — 

C, 39 26 

40-0 

Mp 77-78° — 

— 

— 

M.p 146-148° — 

— 

— 

M p 194° — 

— 

— 

JLp 160-162° — 

— 

— 

Mp 160-162° — 

— 

— 

M p 120-124° — 

— 

— 



— 

— 

M.p 158-160° — 

C, 40-7 

40 4 

H, 4 45 

48 

M p 164° — 

N, 13 8 

13 7 

M p mdefimte (hygroscopic) — 

- 

- 

M p 176-179° — 

— 
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Table 2 

Herbicidal activity of standard substances 


(The activities in Tables 2-6 

are indicated by + and - signs 

as explamed m 

the text, p 144 ) 


means not examined 






Activity 



CJoncentration , , 

Compound 

Formula 

(ppm ) 

Rape Oats 

4-Chloro 2 methylphenoxyacetic acid 

2 4 1 C,H,MeCl 0 CH, COOH 

20 

+ + 



10 

+ 



0 1 

+ + 

2 4 Dichlorophenoxyacetic acid 

2 4 1 C.HjCl; 0 CH, COOH 

01 

+ + 

2 Naphthoxyacetio acid 

2 CjoH, 0 CH, COOH 

10 

+ + 



1 

+ + 

isoPropyl phenylcarhamato 

C.H, HH COO Cmie, 

01 


Tryptamme 

C,H,N CH, CH, NH, 

1 0 

4* + 


Basic substances were examined as their hydroohlondes, 
acidic substances as their Ka salts, while the quaternary 
ammomum compounds were all neutral salts, freely soluble 
m water at the required concentrations Usmg this method 
of assessment, results obtamed with known herbicidal sub 
stances are given m Table 2, thereby establishing a reference 
standard 

RESULTS 

Systemattc Testing Tlie results of the examination 
of the various substances are given in Tables 3-6, 
which are arranged so as to emphasize relationships 
between structure and activity All concentrations 
are expressed in parte/miUion (ppm) 


Table 3 Effect of subsMutimi in the benzene ring 
upon the herbicidal activity of 2 phenoxyethylamine 



Concen 

Actinty 

Compound 

tration 

A 

r ^ 

(R = CH, CH, NHj) 

(ppm ) 

Rape Oats 

C.H, OR 

100 

- 

1 4-C,H,(OR), 

10 

+ + 


2 

+ + 


01 

- 

2 4 1 C,H,C1, OR 

10 

+ -f- 


2 

+ + 


0 1 

- 

1 6 2 C,H,MeCl OB 

5 

-H -1- 


1 

+ -t- 


0 1 

- 

1 3 4-C(H,Me; OR 

60 

+ + 

10 

+ 

2 4 6 1 C,H,C], OB 

GO 

+ + 

10 

- 

2 CioH, OR 

10 

+ + 

2 

- 

1 CjoH, OR 

60 

+ + 

4 1 C.HiNO, OR 

60 

- 


Preliminary investigationaregarding mode of action 
If the working hypothesis is correct, the activity of 
chlorinated 2-phenoxyethylainine against rape is to 


be attributed to its conversion to the corresponding 
chlormated phenoxyacetic acid This might con 
ceivably be brought about through an amme oxidase 
sumlar to that found abundantly m animal sources 
and described by Blaschko, Richter cfc Schlossmann 
(1937), and which is inhibited competitively by iso 
propylamme derivatives of the type of ephednne 
Tiyptamme is known to be a substrate for this 
enzyme Accordmgly, attempts were made to 
determme whether the activity of 2 4 dichloro 
phenoxjiethylamme could be antagonized by ephe 
drme Ephedrme itself was mactive on both species 
at 100 ppm and at this strength it faded to 
antagonize the effect of 6 p p m of 2 4 dioldoro 
phenoxyetliylamme 

Veldstra & Havmga (1943) have advocated the 
hypothesis that substances with an auxm-hke 
activity must be constituted with a suitable nucleus 
(e g mdole, naphthalene or substituted benzene) 
from which an acidic group projects at an angle to 
the plane of the nucleus Accordmg to tins hypo 
thesis, growth regulation by the auxins is a function 
of the negative pole of tlie acidic group, which affects 
lomc transport It nught perhaps be expected then 
that a Bundarly constituted molecule, but with a 
positive instead of a negative pole, would act m 
a manner antagonistic to that of the naturally 
functionmg auxm or auxm like substance Tests witli 
mixtures of 2 4 dichlorophenoxyacetic acid and 
2 2' 4' dichlorophenoxyethylamuie on rape, how- 
ever, showed no evndence of antagonism 

In order to obtam further evidence for the 
hypothesis that the phenoxyethylammes functioned 
through conversion to the phenoxyacetic acids, 
certam substances were submitted m a qualitative 
way to the pea test for auxin activity This test was 
conducted as described by Went & Thimonn (1937), 
but smce quantitative results were not required, 
visual inspection was substituted for measurement 
of angles of curvature Solutions were exammed at 
a range of concentrations, and the results are given 
m Table 6 
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Table 4 Effect qfl!^subsltliition [Jormalion of secondary and tertiary amines) 
on the hcrbictdal activity of substituted 2-phcnoxyacctic acids 


Acti\ ity 



Concentration 

r 

A 


Compound 

(ppm) 

Rape 


Oats 

2 4 1 C.HjCI. 0 CH, CH, NH, 

o 

-t- + 


- 

2 4 1 C,H,C1, 0 CH, CH, Nmio 

60 

+ + 


_ 

10 

- 


- 

2 4.1 C.HjCU 0 CH, CH, NMe, 

100 

+ + 


-t- + 

60 

+ + 


+ 


10 

- 


- 

2 4 1 CjHjCl, 0 CH, CH. NEt, 

100 

+ + 


+ + 

60 

- 


+ 

2 41 C.HjCl, 0 CH, CH. NH C.H, 

100 

4- + 


+ 


60 

+ 4* 




10 

4- 




6 

- 



2 4 1 C.HjCU 0 CH, CH, NHc C.H, 

100 

4- 4- 


_ 


60 

4- 




10 

4- 



yCH, CH^ 





2 4 1 C,H,CU 0 CH. CH, N CH, 

100 

4- 4- 


+ + 

\;h, chX 

50 

20 

4- 


+ + 


10 

- 


+ 

/CH, CH. 

2 4 1 C.HjCh 0 CH- CH, N 0 

60 

4- 4* 


+ + 

\dh. ch,/" 

10 

- 


•+ 

(2 4.1 C,H,a, 0 CH, CH. ).NH 

60 

4- 4- 


+ -t- 

10 

- 


- 

C.H, 0 CH, CH, NH, 

100 



.. 

C.H, 0 CH, CH, NH C.H, 

100 

4- 


+ 

CeH, 0 CH, CH NMe C,H, 

100 

- 


+ 

2 C,(,H, 0 CH. CH, NH. 

10 

2 

+ + 


- 

2 Ci,H, 0 CH, CH, NH C.H^ 

100 



+ 


DISCUSSION 

Considering first the primary ammes of Table 3, it it 
c ear that those substituents in the benzene nng 
■which favour activity against dicotyledonous species 
m the phenoxj^acetic acid senes (Templeman & 
hexton, 1946o) also favour sunilar actmty in tli« 
phenoxyethylamine senes The 4 chloro, 2 4 di 
c oro and 4 chloro 2 methyl denvatives were the 
most active of the compounds exammed, the 2 
naphthoxy compound was mtermediate m activity, 
■while the unsubstituted compound and the 4 mtre 
compound were mactive at the concentrations tested 
^ general, the ammes did not appear to be quite as 
Wtive as the correspondmg acids This finding con 

hypothesis thal 

thmel*^ function m plant growth regulation 

ha?^® “'^version to the phenoxyaoetic imids It 
not fi experimentaUy that they dc 

acids ^1 antegonists for the phenoxyacetic 
ds Duect biochemical evidence for the hjqio 


thesis, howeier, is laclong Blsisohko ei al (1937) 
failed ■to find amme oxidtise m certam green plants 
(seeds, tubers and leaves), but it does not foUow fi-om 
this that the enzyme is absent from germmatmg rape 
seed It 18 possible, however, that a different enzyme 
system may be responsible for the degradation of 
tryptamme or the phenoxyethylammes m green 
plants, and tins would account for our failure to 
antagonize the effect of 2 4-dichlorophenoxyethyl 
amme by the amme oxidase inhibitor, ephednne 
Furthermore, the antagomsm experiment would 
mvolve the question of the cell permeabihty of 
ephednne, about which nothing is kno^wn The 
failure to antagonize the effects of 2 4 diohloro 
phenoxyethylamme m this manner does not there 
fore m-vahdate the hypothesis concerning its mode of 
action Two further facts m support are to be noted 
First, the activity of 2 4-diohlorophenoxyethylamme 
in the pea test is of a similar nature to that of 2 4 
dichlorophenoxyacetic acid though it differs quanti- 
tatively Secondly, a prehmmary observation m the 
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Table 6 Herbictdal activity oj quaternary derivatives of substituted 2 phenoxyethylamines 


1949 





Activity 


Concentration 


A 

Compound 

(ppm ) 

Rape 

Oats 

2 4 1 C.HjCl, 0 CH. CHj NMe,+Br- 

SO 


+ 

2 4 1 C,H,Cli 0 CH, CH, mie,Et+I- 

60 

+ 

+ + 

2 4 1 CjHjCl. 0 CH, CH, NMe, (CH,), CHj+Br- 

60 

+ + 

+ 


10 

+ 


2 4 1 C,H,a, 0 CH, CH, NJIe, (CH,), CH,+Br- 

60 

+ + 

+ 


10 

+ + 



5 

+ 


2 4 1 C,H,C1, 0 CH, CH, NMe, (CH,), CH,+Br- 

60 

+ + 

_ 


10 

+ + 



5 

+ 


2 4.1 C,H,C], 0 CH, CH, NMe, (CH,),, CH,+Br- 

60 

— 

_ 

Xm, CHr. 




2 4 1 C,H,C1, 0 CH, CH, NMe CH,+I- 

60 

+ 

“i* “f" 

\?H, CH./ 




2 4 1 C,H,C1, 0 CH, CH. NEk,+I- 

60 

+ + 

+ + 

2 4 1 CjH.a. 0 CH, CH, NjC.Hu+Br- (a) 

50 

H — f" 

+ 


10 

+ + 



6 

+ + 


2 4 1 C,H3C1, 0 CH, CH, NC,H,+Br- (6) 

20 

+ 

+ + 


10 



2 4 1 C,H,Me, 0 CH, CH, N 4 C.Hu+Br- (a) 

60 

+ -t 

+ 


20 

+ + 

_ 


10 

- 


p Cl CjH, 0 CH, CH, N,C,Hj,+Br“ (a) 

60 


+ + 


10 

+ + 


2 .C 10 H, 0 CH, CH, NAHu+Br- ( 0 ) 

100 


+ 


60 

-1- 



(а) From hexamethylene tetramme 

(б) From pyndme 


field indicated a similar physiological response of 
growmg buttercups to both the amme and the acid 
Direct experiments on the conversion of the amme 
to the acid m plant tissue or by plant extracts have 
not yet been made 


Table 6 Results of the pea test for auxin activity 


Compound 

Concen 

tration 

(ppm) 

Effect observed 

2 4-Diohlorophenoxy 

1 

EqualtoS mdolylacetio 

acetic acid 


acid at 6 p p m 

2 4-DicliIoroplienoxy 

10 

EqualtoS mdolylacetio 

ethylamme 


acid at 1 p p m 

Quaternary compound of 

100 

EqualtoS mdolylacetio 

hexamethylenetetramme 


acid at 6 p p m 

with 2 4-dichloro 
phenoxyethyl bromide 



Tummg noiv to the first three compounds m 
Table 4 it is seen that substitution of the amin o 
hydrogen atoms by methyl groups decreases the 
activity towards rape and mcreases the suscepti- 
bihty of oats The fully methylated compound is 
apparently much more active against oats than is 


2 4 dichlorophenoxy'acetic acid This can be mter- 
preted m more than one way The relative msus 
ceptibdity of oats to the phenoxyacetic acid or the 
primary phenoxyethylammes might be due to the 
failure of these compounds to penetrate m adequate 
amounts to the appropnate site of action, methy- 
lation might assist such penetration, thus causmg the 
phenoxyacetic acid to be hberated at a place which 
would otherwise be maccessible to this molecule The 
oat plant can, of course, respond to the phenoxy- 
acetic acids under appropriate circumBtances, for 
they are active m the standard Avena coleoptile test 
for auxins It is possible, though perhaps not very 
hkely, that methylation has the reverse effect on 
permeabihty m rape, so that the activity against 
germmatmg rape seed is reduced This question 
cannot be answered until much more is known of the 
permeabihty of different plant species and tissues to 
orgamo compounds Another possibihty is that the 
secondary and tertiary ammes function by an 
entirely different mechanism m which the greater 
susceptibihty of oats is inherent On the whole, the 
results given m Table 4 show that with the secondary 
and tertiary ammes generally, there is much less 
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difference m the susceptibihty of the Wo species 
than mth the primary amines This caused us to 
take the further step of examining quaternary' 
compounds 

Amongst the quaternary compounds of Table 6, 
the 2 4 dichlor o senes ynll he considered first It can 
be seen that as the molecular weight m the senes of 
n alkyl compounds rises, the activity against rape 
mcreases to C, and C-, but the Cj; compound is 
mactive This is the famihar peak effect m an homo 
logons senes which is found m many rolationslups 
between chemical constitution and biological ac- 
tivity Against oats there appears to be a maximum 
at Cj, though the result with the C* compound is 
anomalous In view of the possibihty that these 
quaternary compounds may be functionmg by a 
mechanism beanng no penticular relation to the 
chlorinated phenoxy nucleus, a general mvestigation 
of the activity of quaternary salts is now m progress 
and will be reported separately 
The quaternary compounds of hexamethylene- 
tetrarmnecaUforspecial comment Suchcompounds 
are known to decompose m boihng neutral aqueous 
solution with generation of aldehydes accordmg to 
on oxidation reduction reaction which has recently 
been discussed by Angyal L Rassack (1948), and we 
have evidence of decomposition at room temperature 
Attempts to convert the hexamethylenetetranune 
derivative of 2 4 diohlorophenoxyethyl bromide mto 
the aldehyde met with mixed success While boihng 
with water defimtely gave nse to some aldehydic 
material, as judged by the formation of a bisulphite 
compound, We aldehyde itself could not be isolated 
and appears to be unstable , compare the instabihty 
of phenoxyacetaldehyde (Pomeranz, 1894) 

Under acidic conditions these hexamothylene- 
tetramme derivatives are decomposed to the primary 
ammes This reaction has been foimd to proceed well 
m the case of the 2 4 dicblorophenoxy derivatives 
Thus it may be argued that the hexamethylene 
tetramme compounds are potential precursors of the 


phenoxy acetic acids m hvmg eystems In accordance 
witli tins conception, both the 2 2' 4/ dichloro 
phonoxy'othyl and 2 2' 4' dimethylphenoxyethyl 
compoimds of lioxamethylenetetramme are active 
agamst rape at high dilution, and mdeed the former 
has boon shown to produce the characteristic 
response of the substituted phenoxyacetic acids wuth 
growing buttercups It is possible therefore that 
these compounds ow o their activity agamst oats to 
their quaternary structure, but that then high 
activity against rape is due to then conversion to the 
acids -witlim the livmg orgamsm 

{Note added 8 April 1949 ) Smee this paper was 
submitted for publication, confirmation of our 
liypotbesis that mdolylacetio acid con arise m 
plants from tryptoplian either tlnough mdolyl 
pyunivic acid or through tryptamme has been 
presented by Gordon & Nieva (1949) These authors 
have demonstrated the operation of the Wo alter- 
native pathways m leaves of pmeapple 

SUMMARY 

1 The activity of substituted J3 plienoxyethyl- 
ammes agamst germmating oat and rape seed has 
been studied m the laboratory 

2 In the case of the primary ammes, selective 
activity agamst rope is associated with the same 
benzene substituents as cause activity m the 
phenoxyacetic acid senes 

3 Substitution m the ammo group tends to alter 
the relative susceptibihty of the Wo species, and 
there is evidence that the quaternary salt denvativea 
operate by a different mechanism 

4 Quaternary derivatives of appropnately sub 
stituted 2 phenoxyethyl hroroides vnth hexa- 
methylenetetramme are particularly active agamst 
rape 

6 The results are disousaed m relation to a 
hypothesis that phenoxyethylammes are converted 
by the hvmg plant to the phenoxyacetic acids 
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The Reduction of Gastric Acidity by Back -Diffusion 
of Hydrogen Ions Through the Mucosa * 
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It IS generally beheved that the hydrochlono acid 
solution secreted by the oxyntio cells is isotonic with 
the blood, and that the reduction of the acidity 
observed m the gastric juice is due to subsequent 
dilution and neutralization by other secretions (see 
Babkin, 1944) Teorell (1933), using anaesthetized 
or decerebrate cats whose stomachs were tied at both 
ends, observed a rapid decrease m the acidity of 
hydrochloric acid solutions mj eoted mto the stomach, 
without a correspondmg reduction of the volume of 
themjectedflmd From these results, andfiommodel 
experiments with artificial membranes, he inferred 
that the reduction of the acidity of the gastric jmce 
was duo mainly to the diffusion of H+ ions through 
the gastric mucosa mto the blood However, 
diffusion of H+ ions through hvmg gastric mucosa 
has not so far been demonstrated, and this paper 
describes an attempt to mvestigate the diffusion of 
H+ ions through isolated amphibian gastric mucosa 
The results show that H+ ions can diffuse tlirough 
surviving mucosa and that the rates of diffusion are 
hnearly related to the H''" ion concentration of the 
solution m contact with the secretory side of the 
tissue (see TeoreU, 1933, 1939) 

METHODS 

Saline media The sahnes, isotomo with frog blood, 
desonbed by Davies & Temer (1949) were used These were 
(o) a bicarbonate salme, m equibbnum with 6% CO, +96% 
0„ or with 6% CO, + 96% N,, and (6) a phosphate saline, 
in equihbntun with 100% 0, All sahnes contained 0 2% 
glucose 

Apparatus The apparatus desonbed by Davies & Temer 
(1949) was used m expenments with ‘ open sheets ’ of mucosa 
It consists of a constant pressure manometer, a modified 
Warburg cup B and a special hollow stopper S to which a 
graduated capillary side tube O, is attached A diagram of 
the apparatus is shown m Fig 1 (Davies <fc Temer, 1949) 
Expenmente with ‘ tied ’ mucosa were earned out m standard 
comcal Warburg cups and manometers 

Analysis of solutions All titrations and measurements of 
pH were done with the semi micro eleotrometno titration 
umt desonbed by Davies & Longmuir (1948) 

* A part of this work has been commumoated to the 
Biochemical Society (Temer, 1949) 


Material Toads {Bufo bufo bufo L ) and frogs (Bana 
temporaria iemporana D ) were captured locally and kept m 
glass tanks An excess of worms was provided for food The 
animal was killed and the stomach removed and washed 
with sahne The tube of mucosa was isolated by removing 
the muscle layer and prepared m two ways, to give either 
open sheets of mucosa or tied mucosa 



Fig 1 Vessel B, hollow stopper S, with graduated side 
tube (?, and part of manometer A Capacity of B, 25 ml , 
capacity of side arms C, and C, (C, is not shown), 1 ml 
Outer diameter of G, 0 6 cm , bore 0 1cm, length 16 cm , 
graduation 1 division = 1 /il The mucosa is tied to the 
base of S (diameter 0 9 cm ) 

Open sheets of mucosa 

The tube was opened by outtmg along the lesser curvature 
(Davies, 1948) and the open sheet was tied with silk thread 
to the open base of a stopper S (Fig 1) with the seoretoiy side 
upwards The secretory surface of the mucosa was covered 
with a solution of HCl which was pipetted mto stopper S 
The solutions contamed 0 1, 0 06, 0 02 and 0 Oln HCl and 
sufficient NaCl to make them isotomo with frog blood 
(0 12m for umvalent-imivalent electrolytes) Stopper 8 and 
part of the graduated oapdlary side tube Q were then filled 
with hqmd paraffin, and the stopper was closed by inserting 
the tap stopper V (Fig 1) The umt was placed m the mam 
compartment of the vessel B, which contamed 6 ml of 
nutrient sahne The vessel was attached to the manometer 
and, after gassmg, was placed m a water bath and shaken at 
26 0° Ati identical umt m which the mucosa was replaced 
by a rubber or plastic membrane was used as a thermo 
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barometer The manometora -(vere of the constant pressure 
type, and the pressure inside the system could bo adjusted 
so that a known resultant pressure was appbcd to the mucosa 
throughout the erpenment The pressure was measured in 
mm. manometnoflmd (10,000 mm mnnomotnoflmd=lntm ) 
(The manometno flmd m use in this laboratory, a modified 
Brodie solution, is prepared m the foUowmg way 17 6 g 
NajSO, (anhydrous), 6 0 g sodium glvcooholate, and 0 6 g 
methyl violet, are dissolved m 600 ml distilled water, 
2-3 drops of oapryl alcohol are added to prevent foaming 
The solution is filtered before use ) 

When pressure was apphed m the direction of normal 
secretion (from the nutrient to the secretory side of the 
mucosa) it was called a positive pressure (eg +20 mm 
manometno flmd), conversely, pressures opposmg the 
direction of normal secretion were mdicatcd by a negative 
sign (see Banes i, Temer, 1919) 

Eeadmgs were taken at 16 mm mtervals and the changes 
in the volume ofthe gas m the manometer and the volume of 
flmd m stopper S recorded. The following measurements 
were made (1) the rates of respiration (Qo ) and of flmd 
transport across the mucosa {qg o) '”^ro measured m 
phosphate s alin e, gassed with 100% Oj CO_ bcmg absorbed 
by NaOH m a glass pocket fused to the -wall of vessel B 
(Fig 1) , (2) the rates of acid secretion ((3Ha)> diffusion 
of H+ ions (g^ ) and the ?hjOi measured m bicarbonate 

sahne gassed with 6 % CO. + 95 % 0, , (3) the sum of q^^ and 
the and the gujOi measured m bicarbonate sahne 
gassed with 6% CO, +95% N, One mucosa was needed for 
each set of measurementa 

Caleulaium of r&suUt Smee the secretion of Uqmd into 
stopper 8 dnnng any penod resulted m a loss of Uqmd from 
the cup B, allowance had to be made for this reduction of 
volume when caloulatmg the gas exchanges Thus, when the 
change of volume m the manometer was - 10 jd , while 
the mcrease m the volume of Uqmd m the graduated 
capillary tube O was + 2 pi., the uptake of gas was actually 
— 10+2=:— 8 fd. This was multiplied by a constant which 
depended on the gas used to give the volume of gas at K t p 
(For theory of the apparatus see Davies L Temer, 1949 ) 

Atropme (final concentration IO-’m) was added to the 
sahne to reduce the contractions of the musoulans mucosae 
(Davies A Temer, 1949) Nevertheless, contractions occurred 
m30%ofthe experiments , m these no rehable measurements 
ofthe rates of flmd secretion could be made The measurement 
ofthe rates of gaseous exchanges was, however, not affected, 
smee a contraction of the mucosa, although it produced an 
apparent uptake of gas by reducing the gas space of the 
manometer at constant pressure, also caused an apparent 
increase ofthe volume of flmd Smee allowance was mode for 
these changes m caloulatmg the gas exchanges the two effects 
mnoelled out Histamme (final concentration 6 x 10-* m) and 
thiocyanate (final concentration 0 01m) were added from the 
Side arms 


the experiment the mucosa was out along the 
Ugat^ removed m two portions (circle and nm), washe 
dutiUed water and dried overnight at llO” The dry weigl 
tee circular portion was used m the calculation of the ? 

Hci and The ^as calculated by using the sui 
e ^ weight of the two portions The g^ , and 
aredeflnedasp] gasati-TP/mg dry wt /hr ! the ga o a 
transported flmd/mg dry wt /hr (In the oo^Toi < 
Ig ionH+=22 41) 


In bicarbonate sahne, the CO, uptake by gostno mucosa 
m ovooss of its basal gaseous exchanges is eqmvalent to the 
amount of acid produced (Davies, 1948) In this paper, 
- Qcoj denotes the rote of uptake of CO, m excess ofthe basal 
gaseous oxohango of tho tissue Similarly, + Qcos <^00® nof 
denote tbo mte of evolution of respiratory CO„ but the rate 
of extra CO, evolution, due to hberation of gas from the bi 
carbonate sahne by H+ ions diffusmg into it from the HCI 
solution noross tho mucosa Smee the basal gaseous ex 
changes result m only a small uptake of gas (about 6 pi /hr , 
1 e less than tho oxponmental error), this was neglected 
Therefore - <?oo, = <?nci. and +<3co, = 3?o, 


Ttcd ?nucosa 

Tho tube of gastno mucosa was tied with silk thread at 
both ends and incubated m Warburg cups contaming 4 ml 
of bicarbonate sahne gassed with 6% CO, + 95% 0, at 26 0° 
(Davies, 1948) Thoresultantof 0,nptakeandC0,outpntwaa 
measured with Warburg manometers Secretion of HCI was 
induced by addition of histamine to a final concentration of 
6 X 10"‘m Readings were contmned for penods up to 10 hr 
to see whether tho acid secreted by the mucosa itself would 
diffuse out of tho bag in which it had acoumulated during the 
secretory phase At the end of the mcnbation penod the 
distended bag was blotted and weighed It was out open, the 
contents collected in a sample tube and the empty bag 
reweigbed. The weight of the secreted flmd was given by the 
difference of tho wet weight of the bag before and after 
incubation Tho silk was removed and the tissue washed m 
distilled water and dried overnight at 110° 

RESULTS 

Diffusion of H+ ions through sheets of mucosa 

Aerobic experiments In these, a sheet of gastno 
mucosa separated a solution of HCI m stopper iS from 
bicarbonate sahne m the vessel B (see Fig 1) In all 
experiments with non secretmg mucosa m contact 
with 0 1, 0 06 and 0 02 n HOI solutions, evolution of 
CO, was observed while the volume of the HCI 
solution remamed approximately constant, mdi- 
catmg that H+ ions diffused across the membrane 
and hberated CO, from the bicarbonate solution 
The output of CO, decreased gradually, and when 
the acidity of the rem ainin g HCI solution was plotted 
against time, an exponential curve was obtamed 
(Fig 2) Titration of samples of the HCI solutions 
recovered after the experiments showed a reduction 
in the acidity which was eqmvalent to the amount of 
CO, evolved durmg the experiments 
The equation used by TeoreU (1947) 

H=Hoe-°‘" 

expresses the decrease m the acidity of tho HCI 
solution with tune, where Hg = imtial acidity of HCI 
solution (mmol or pi ), H= acidity at tune i (mm ), 
p = volume of solution (ml ) and c=permeabihty 
coefficient (a constant) In mne aerobic experiments 
with 0 In hci, c for 13 cm® sheets of gastric 
mucosa of average thickness 0 3 mm was from 

10 2 
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3 2 X 10~^ to 13 0 X lO"* ml min (average 
9 0 X 10-*, standard deviation 2 7 x 10-*) Similarly, 
m seven experiments with 0 05, 0 02 and 0 01 n HCl, 
c was from 2 2x10-^ to 110x10-* ml mm-* 
(average 7 0 x 10-*, standard deviation 2 9 x 10-*) 
There was, therefore, no significant difference 
between the values of c obtamed with HCl solutions 
of different concentrations Although aU mucosae 
w ere tied to the base of stoppers of about 1 0 cm ** 
cross sectional area, they bulged to varymg degrees, 
depending on the magmtude of the apphed pressure 
and the state of contraction of the musculans 
mucosae This resulted m a shglit variation m the 
surface areas of the mucosae, which, together with 
then* different thicknesses (apart from mdividual 
variations the thickness of the mucosa also depends 
on the state of contraction), probably accounts for 
the relatively wide range of the values of c In any 
one non'Secretmg mucosa, however, c was constant 
This is illustrated m Fig 2 


C 800 
O 

f TOO 
D 

^ 600 
C 

+ 

^ 500 
a. 

0 1 2 3 4 - 0 1 2 3 

Time (hr) Time (hr) 

Fig 2 Diffusion of H+ ions through non secretmg gastno 
mucosa Secretory side of mucosa m contact with 0 4 ml 
0 09 n HCL Incubated at 26 0° m bicarbonate salme con 
tammg 0 2% glucose, gassed with 6% COt + 96% 0, 
Histamme added from side arm at arrow marked R (final 
concentration 6 X 10““ m) Pressure -20 mm manometno 
flmd Diy weight of secretory portion of mucosa 11 3 mg 
In (a) the pi H+ remammg m the HCl solution, and m 
(6) log pi H+, are plotted against tune 



Tlie uutial rate of COj evolution depended only on 
the concentration of the HCl solution, and a com- 
pEinson of results from experiments with 0 05, 0 02 
and 0 OIn-HCI showed ^at the imtial amounts 
of COa evolved were approximately i, J and 
respectively of the amount evolved from 0 In HCl 
The subsequent rate of COj evolution followed the 
exponential equation 

The diffusion coefficient D (cm %ec -*) was calcu- 

lated from c usin g the relation c = D—x 60, where 

A = area of the membrane (cm ^) and h = its thickness 
(cm ) (TeoreU, 1947), or directly from the formula 

^ Qml 

“ Axt ’ 

where = the number of ml of the HCl solution 
which contam an amount of H+ ions equal to the 
amount which has diffused, and t = the tune m sec 
(see Bull, 1943) The average diffusion coefficient I? 
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for the above sixteen experiments was 0 03 x 10-* 
cm “sec -* {D for 0 1 n-HC 1 m aqueous solution at 
19 3° IS 2 5 X 10-® cm “sec Thovert, 1902) 

The resultant pressures apphed to the nutnent 
side of these mucosae vaned from — 40 to +20 mTu 
manometno flmd Witlim this range the rate of 
diffusion of H+ ions tlirough aerobic mucosa was not 
dependent on the apphed pressure 
Anaerobic experiments Wlien the pressure was 
equal on both sides of the mucosa (apphed pres 
sure = 0), the permeability coefficient c was of the 
same order m anaerobic experiments as aerobically 
A comphcation arose when pressure was apphed, 
smce, under anaerobic conditions, gastnc mucosa 
allows flmd to traverse it m the direction of apphed 
pressure (Davies & Temer, 1949) On apphcation of 
negative pressure some acid solution was forced 
through the tissue and the evolution of COj finm 
the bicarbonate of the medium was mcreased The 
amount of CO 2 evolved by diffusmg H+ 10 ns only 
was calculated by subtractmg from the total amount 
of CO 2 evolved the eqmvalent of the amount of H+ 
10 ns contamed m the volume of solution which had 
been forced through the mucosa durmg the same 
period This correction was made on the assumption 
that the flmd traversmg the membrane contamed 
the same concentration of H+ ions as the HCl 
solution m contact with the tissue The permeabihty 
coefficient c at negative pressures calculated m tins 
way did not differ from the value dete rmin ed for the 
same mucosa m the absence of apphed pressure 
Positive pressure forced neutral flmd from the 
nutnent to the secretory side, the rate of COj 
evolution was reduced probably because the 
neutral flmd, which streamed through the mucosa m 
the direction opposmg diffusion, diluted the HCl m 
contact with the tissue This resulted m lower values 
for c 

Sumlar results were obtamed m control experi- 
ments m which ‘dead’ frog gastnc mucosa (tissue 
partly dned m air and then steeped m 0 01m KCN 
for 10 mm ), dead pig bladder (dned tissue soaked m 
sahne for several days before use) and sheets of 
cellophan were used as the membrane separatmg the 
HCl and bicarbonate solutions For ‘dead’ mucosa 
the diffusion coefficient D was 0 02 x 10-“ cm “see 
(one experiment), for dead pig bladder D was 
0 16 X 10"* cm “sec -* 

Secretion and diffusion Smce HCl secretion by a 
gastnc mucosa is accompamed by the uptake of an 
eqmvalent amount of CO 2 (Davies, 1948) it was 
expected that the output of COj, due to diffusion of 
TT+ ions from the secretory to tlie nutrient side of the 
tissue, would be reduced by the onset of secretion 
Histamme was added from the side arm of the vessel 
after a steady evolution of CO 2 had been observed 
Dmunution of the rate of COf evolution was not 
observed when 0 In HCl was m contact with the 
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secretory side of the tissue However, ® 06 n 
HC l, stiiQulation by lusturmno resulted m a doc^se 
oftheCOj evolution In Fig 3 the reduction of COa 
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secretion of HCl (Davenport, 1940, Crane, Davies & 
Longmuir, 1946), was added to a final concentration 
of 0 OlM the original rate of COj evolution was 

restored , r,. u 

Wien 0 02 n HCl was allowed to difiuse tlirough a 

resting mucosa, the evolution of COj stopped after 
stimulation by liistamme, and the subsequent uptake 
of CO, showed that acid was bemg secreted ty 
tissue (Fig 4) The acidity of the secreted HCl 
solution, calculated from the rate of flmd production 
and uptake of CO„, was low H, however, the 
a^e^age rate of CO, evolution (9 co.). observed 
boforo the addition of lustamme, was added to the 
Q„„, the acidity of the secreted HCl solution was 
estimated to be between 0 1 and 0 12 n (Table 1) 



Eig 3 DiffasioaofH+ ions through gastno mucosa Effect 
of stimulation by histamine Secretory Bide of mucosa m 
contact mth 0 4 ml 0 06 n HCl Incubated at 25 0“ m 
bicarbonate sahne containing 0 2 % glucose, gassed with 
6% CO, +95% 0, In (o) the ;d H+ in the HCl solution, 
and m (6) log /iL H+, are plotted against tune Histammo 
added at arrow marked E (final concentration 6 x lO^M) , 
thiocyanate added at arrow marked T (final concentration 
0 01 m) Pressure -30 mm. manometno flmd Dry weight 
of secretory portion of mucosa 5 3 mg The broken bne 
mdioates the (calculated) slope of the curve if there bad 
been no seoretory response to histamine 



at 25 0° m bicarbonate sahne contaimng 0*2 % glucose, 
gassed with 6% CO, + 95% 0,. In (a) the fd H+ in the 
HCl solntion are plotted against time on (b) the rates of 
diffusion and secretion of H"** ions are given for comparison 
Histamine added at arrow E (final concentration 
6 x10~*m) Pressure —40 mm manometno fluid Hiy 
weight of secretory portion of mucosa 10 3 mg 

ei olution durmg the period I hr 46 mm to 2 hr 
46 mm (about 17 ^ ) corresponds to an average 
Qua uf about 3 When thiocyanate, which inhibits 


Table 1 Bach diffusion and secretion 
of H"*" ions 

(Secret oiy side of sheet of mucosa m contact with 0 5 i^ 
) 02i< HCl, nutnent side with bicarbonate salme, gassed 
snth 6% CO, + 05% 0., and containing 0 2 /„ 
Histamme added to nutnent salme from side arm at 0 hr 
15 mm Diy weight of secretory portion of mucosa 7^0 mg 
Pressure -10 mm manometno flmd +Cco,-?oo,i 


i,=0nci ) 

Observed 
(pL/mg dry 
wt /hr ) 

_ ^ 

Apparent 

molanty 

of 

secreted 

Qco. 

9h.o 

Hffi 

+ 24 

0 

— 

-16 

13 

006 

-22 

1 7 

0 06 

-10 

16 

0 045 

-00 

13 

0 03 


Qacn + 9 w, 
(gh/mg ^ 
vd /hr ) 

40 

40 

40 

33 


Calculated 

molarity 

of 

secreted 

HCl 

014 

012 

oil 

oil 


Pune 
[hr) 

1 
2 

3 

4 
6 

Addition of HCl solutions to secreting mucosa 
the experiments described above, solutions of HCl 
were^aced m contact with the Becmtery mde of 
freshly dissected gastric mucosa ^^ough the 
mucosae were undoubtedly ahve, the dif^on rat^ 
were high and often exceeded the fast^t 
rate so far observed (Qhoi-1®)’ ^ - 

probable tliat the tissue had been ^ 

modified experiments isotomc sodium cUoride solu- 
tion was pSd m contact with the secretory mde of 

the mucosa, the latter was ^^tia<!^e 

nate salme, and secretion was 

WTien the secretory response was established, as 
shown by the uptake of CO., the apparatus was 

“p„,d.id.tro4sa«ddsdtoth.Naamc„^ 

With the mucosa to give a 0 1 or 0 12 n 
T he acid was thus added after the mucosa had 
recovered from the trauma due to^pulation ^d 
had covered itself with mucus The CO, 

contmned for varymg periods at a educed »to md 
was then followed by evolution of C(^ In 
expemnents the diffusion coefficient D was from 
0 01 X 10-“ to 0 016 X 10-“ cm *sec 
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Table 2 Back diffusion of secreted H+ vms 


(Tied mucosae a ere incubated in bicarbonate sabne contaimng 0 2 % glucose, gassed mth 5 % CO 5 +05 % 0, Histanune was added to a 
concentration of 6 x 10 ~‘m At the end of the eiponmonta on mucosae D and E, tbioigianato was added to a concentration of (KSir The tubes 
w^ weighed (a) before, (h) after incubation, and (e) after emptying The difference (i)- (a) -weight of secretion, ( 6 )-(e) -weight of contents 
The diSerenco between the weight of contents and secretion corresponds to the difference in the weight of the empty tissue before and after 
incubation, and is mainly duo to extrusion of mucus and some tissue degradation The high pH values observed at the end of the eipenments 
are partly due to buffering of the HCl by cellular debris ) 


Molanty 

Wet Duration of H+ in 



Dry ■wt 


wt. 

Wet 

of secre- 


secretion 


of 

Area of of con 

ivt of 

tory 

pro- 

at end of 


mucosa 

mucosa 

tents secretion penod 

duced 

secretory 

Mucosa 

(“g) 

(cm.*) 

(mg) 

(mg) 

(hr) 

(mL) 

penod 

A 

432 

5-64 

667 

590 

40 

828 

0-063 

B 

16 0 

264 

— 

— 

35 

286 

— 


0 

12 6 

185 

— 

— 

4-0 

242 

— 

D 

41-0 

525 

456 5 

430 

925 

650 

0-068 

E 

39-0 

6-45 

215 

185 

85 

216 

0-052 


COj 

evolved 

(Ml.) 

Duration 
of back 
diCfusion 
(hr) 

pH of 
contents 
at end of 
eip 

Average 

(pi /mg dry wt /hr ) 

A 

f ^ 

Qhoi JUjO 

State of tissue 

232 

3 

29 

48 

34 

18 

Undamaged 

57 

(+66 leak) 

1 

26 

5-4 


31 

1 perforation, 

2 small ulceu 
at 65 hr 

(64 leak) 

— 

176 

48 

— 

— 

1 perforation 
at 5 hr 

180 

1 

184 

17 

11 

— 

Undamaged 

36 

— 

3-48 

07 

06 

— 

Undamaged 


Experiments tn phosphate saline With phosphate up COj, unless some ef the contents were forced out 


sahne, gassed with 100 % 0», as the nutrient medium, 
the rate of diffusion of H+ 10ns could not be observed 
meinometncally The overall reduction m acidity was 
determined by titration of samples of the HQ 
solution recovered after mcubation, and it was of 
the same order as m corresponding experiments 
m bicarbonate saline Stimulation by histamme re- 
sulted m an mcrease of the (see Davies, 1948) 
In two experiments both mucosae, which were m 
contact with 0 In HCl, showed signs of damage 0 6 
and 1 hr respectively after their values had 
mcreased, their Qo, fell to about 50 % of its maximum 
value and the mucosae leaked One mucosa, m 
contact -with 0 1 N HCl to which histamme was not 
added, had an average of — 1 5 throughout a 
3 6 hr experiment and appeared undamaged In the 
presence of more dilute HCl solutions, the Qqj 
creased after stimulation by histamme and remamed 
steady durmg experiments of 3—4 hr duration 
■without damage to the tissue 


Diffusion of secreted H-*- tons through tied mucosa 

Tied gastric mucosae were meubated m the bicar- 
bonate sahne, gassed with 6% C03+96% O3, m 
Warburg cups and stunula'ted by addition of 
histamme (Da-vues, 1948) The experiments were 
extended over 10 hr smee it was expected that some 
of the acid accumulated m tlie bags might diffuse out 
at the end of the secretory phase Typical results are 
given m Tables 2 and 3 Evolution of CO3 due to 
back diffusion of H"*” 10ns was observed m three out 
of ten experiments Four highly active mucosae 
(max Qgg > 6) were seen to have perforated ulcers 
when COj evolution started (Davies & Longmuir, 
1948, reported and discussed one case of ulcer 
formation m bicarbonate sahne ) However, mucosae 
■with e^ven larger perforations could contmue to take 


by the pressure m the bag (Table 3, mucosa C) This 
may be due to buffermg of the acid contents by ceU 
debns from the damaged area, ■with a consequent 
reduction of the rate of back diffusion On the other 
hand, mucosae of low secretory actinty could 
mamtam a steady rate of CO3 uptake for many hours 
•with no observable back diffusion (Table 3, D and E) 

Table 3 Time course of gas exchanges of experiments 
summarized in Table 2 





Ccoi 



(hr 

0 

0 

min 

00 

30 

) ‘a B G 

Histamme added from side arm 

A 

D E ' 

Histamme m 
nutrient medium 

A 

I 

00 

-63 

— 

1 

-48 

t 

-21 

-03 

1 

30 

-66 

-63 

-66 

-19 

-07 

2 

00 

-66 

-69 

-64 

-18 

-08 

2 

30 

-63 

-72 

-69 

-20 

-10 

3 

00 

-69 

-64 

-49 

-19 

-16 

3 

30 

-49 

-60 

-49 

-20 

-10 

4 

00 

-27 

-41 

-38 

-19 

-1 1 

4 

30 

-02 

-23 

-23 

-20 

-07 

6 

00 

+ 19 

0 

+4 9* 

-1 7 

-09 

6 

30 

+ 32 

+ 2 8 

+ 2 6 

-22 

-04 

6 

00 

+ 3 0 

+ 34 

+ 10 

-17 

-07 

6 

30 

+ 1 9 

+ 8 8* 

-08 

-19 

-06 

7 

00 

+0 7 

Open sheet 

-16 

-19 

-04 

7 

30 

+ 0 9 

— 

-03 

-14 

-03 

8 

00 

-0-6 

-09 

-09 

-1 1 

-04 

8 

30 

-07 

-05 

+ 0 3 

-12 

-04 

9 

00 



Sheet trans 

+ 0 7 

-07 

-0 3t 

9 

16 



ferred to 

— 

-0 4t 

+ 10 

9 

30 


phosphate sahne 
gassed ■with 

100 % Oj 

Qos 

+ 29 

+ 10 

9 

46 

■ — . 

-27 

— 

+4 9 

+ 10 

10 

00 



-24 

— 

+6 1 

+ 0 9 

10 

16 

— 

-1 0 

— 

+ 47 

— 


♦ Perforation observed. 

■)■ Tbiooyanate added from Bide arm (imal concentration 
0 02 m) 
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When HCl was secreted at rapid rates the secre- 
tory phase was followed by a period during which 
acid diffused out and hberated COj from the bicar- 
bonate m the medium (Table 3, A and B) Perfora- 
tion of mucosa B resulted m mcreased evolution of 
CO. due to extrusion of some acid contents In order 
to decide whether the evolution of CO. was due to 
diffusion or glycolysis, the foUowmg experiment was 
earned out Two mucosae were remoi ed from their 
cups, emptied, washed m salme and the open sheets 
replaced m bicarbonate sahne, gassed with 6% 
COi+05%0, Readmgswerecontmued,anda6mall 
uptake of gas showed that the previously observed 
evolution of COj was not due to aerobic glycolysis 
The tissues were then transferred to cups contaimng 
phosphate salme, gassed with 100 % O., and mou- 
bated for a further 1 6 hr Their average durmg 
this jienod was - 2 0 (see Table 3, B) ‘ 

In one very large mucosa (Table 3, A) the rate of 
back diffusion of H+ ions reached a peak between 
6 6 and 6 hr , and then decreased At 8 hr COj 
evolution stopped and a small uptake of gas of the 
samemagmtude, as with open tissue, showed that the 
tissue was BtiU ahve and now m the restmg state On 
removal from the cup this mucosa was inspected, 
the bag was only about half filled, undamaged, and 
showed no signs of perforation even on squeesung It 
oontamed a clear watery flmd admixed with particles 
of opaque matenal, apparently derived fixim cell 
debris Buffenng by this cell matenal and the loss of 
H+ ions by diffusion most probably account for the 
relatively high pH observed (2 9) 

The molanty of the HCl solution m the secretion at 
the end of the secretory penod (i e before back 
diffusion started) was calculated (o) from the 
amount of extra COj taken up (eqmvalent to the 
amount of Ha produced (Davies, 1948)), which was 
measured manometneaUy, and the volume of the 
secretion (mcrease of the wet weight of the tied 
mucosa) , and (6) by titration of the H+ m the gastno 
contents recovered after mcubation, and correction 
for the ^ount of H+ lost by diffusion (amount of 
‘ manometno expenment), and for 

the difference between the wet weights of contents 
and secretion 


It should be noted that the pH values given n 
iable 2 were detennmed after the completion of th( 
:^ien^nts They do not, therefore, represent th( 

experiments 
indication of the relatioi 

between the pH and the rate of diffusion Davies 5 

a. -Z.' 

shortt^^T’ ^ bicarbonate sahne foi 

authors was 

longer duration H+ ei^penments o 

0 06m were ntiM ^ ^ of less thai 

observed by Davies (1948) 


InlitbiUon of secretion Addition of an inhibitor, 
tluocyonate, resulted m evolution of CO 2 due to back 
diffusion of H+ 10 ns, when the pH of the gastno con 
tents was less than about 2 At the end of expen- 
ments on mucosae D and iJ, thiocyanate was addedto 
a final concentration of 0 02 m Tlie evolution of CO, 
wluch followed immediately was small m IS, and was 
possibly due to aerobic glycolysis, smee the pH of the 
contents, 3 48, was too high for diffusion to occur at 
a measurable rate, if at all Mucosa D, however, 
showed a large evolution of CO, which was probably 
duo to the oombmed effect of diffusion and glycol 3 mis 
The pH of its contents, measured after the expen- 
ment, was 1 84 

Diluting secretions Smee most workers emphasize 
the importance of dilution and neutralization of the 
secreted HCl by mucus (see Babkm, 1944, Hollander, 
1938), attempts were made to estimate the neutral- 
izmg power of the mucus m frog stomachs Bugenol, 
wluch has been shown to stimulate secretion of 
mucus m dogs (Hollander & Lauber, 1948), was used 
to mcrease the production of mucus by isolated firog 
gastnc mucosa Five tied mucosae were mjected 
with 0 03-0 1 ml of an approximately 1 % emulsion 
of eugenol m water (stabilized by 60 mg of cetyl 
alcohol contammg ethylene oxide/100 ml ), and 
placed m bicarbonate or phosphate sahne m Warburg 
cups After 1 hr mcubation at 26 0°, the contents of 
the bags were removed, weighed and titrated agamst 
0 OlN-Ha, m an atmosphere of 6 % COj ■+• 96 % 0, 
All the mucosae contamed a viscous, opaque mucous 
matenal of pH 6 8-7 6 The titration curves showed 
that the samples were buffered between their mitial 
pH and pH 3 In this pH range, their neutrabzmg 
capacity corresponded to that of 0 03-0 04 n solu- 
tions of pure alkali 

Table 4 Diffusion coefficients of Ha 


DxVfi 

Tissue (om *seo 

_ 2 5 * 

Dead pig bladder 0 16 

Anaerobic frog gastno mucosa 0 04 

'Dead’ fiug gastno mucosa 0 02 

Frog gastno mucosa (added HQ) 0 03 

Frog gastno mucosa (secreted HCl) 0 01-0 016 


* In aqueous solution at 19 3° (Tbovert, 1902) 


DISCUSSION 

Evidence in support of the diffusion theory Teorell’s 
conclusions that the reduction of the acidity of the 
gastnc jmee is mainly due to the diffusion of H"*" ions 
through the gastnc mucosa mto the blood (Teorell, 
1933) have been cntioized by other workers (Hol- 
lander, 1938), particularly because of tlie conditions 
of the experiments, smee the volume of the instdled 
Ha solutions had to be small m relation to the size 
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of the Btomach in order that the change in acidity 
might be sufficiently large to be detected by analysis 
(Babkm, 1944) As a result, the dffiusion theory does 
not appear to have found general acceptance 

In the experiments described m tlus paper 
relatively large volumes of HCl solution were placed 
m contact with the secretory sides of sheets of gastric 
mucosa, and the rate of diffusion of H+ ions was 
followed by manometnc measurement of tlie amount 
of CO j hberated from the bicarbonate solution on the 
nutrient side With non secretmg mucosa the rate of 
diffusion depended on the concentration of the HCl 
solution, and consequently decreased exponentially 
with time, m agreement with the diffusion theory 
(TeoreU, 1947) The onset of secretion of HCl by the 
mucosa after histamme stimulation could reduce 
the output of CO2 due to diffusion (Fig 3), or result 
m a net uptake of COg (Fig 4) Smce, under the 
conditions of the experiment, secretion of HCl is 
accompamed by an uptake of COj equivalent to 
the amount of HCl produced (Davies, 1948), these 
results suggest that secretion and back diffusion can 
occur at the same tune, and that the observed uptake 
or output of CO2 IS the balance of the amount of CO* 
taken up durmg secretion of HCl by the mucosa and 
the amount evolved by back diffusion of H+ ions 
This IS supported also by the observation that the 
molanty of the HCl solution secreted by mucosae, 
whose secretory sides were m contact with HCl 
solutions, was low If, however, on the assumption 
that secretion and back diffusion of H+ 10ns can occur 
at the same tune, the true Q^a taken as the 
sum of the observed ^^01 the 

calculated molanty was between 0 10 and 0 12 n 
(T able 1) This, aUowmg for some dilution by mucus, 
IS m agreement with the generally accepted view that 
the HCl solution secreted by the gastnc glands is 
isotomo with the blood (Babkm, 1944) 

The relation of hack diffusion to secretion In 
experiments m wluch HCl solutions were placed m 
contact with sheets of gastnc mucosa, the diffusion 
rates were high (D = 0 03 x 10"® cm ®sec corre 
sponds to a of 12 with 0 In HCl, wluch is of 
the order of the highest observed, and of 2 4 
with 0 22sr HCl, for a mucosa of 1 3 cm ® secretory 
area and 8 mg dry weight) Although mucosae m 
contact with 0 1 n HCl did not respond to histamme 
stimulation, it was at least possible to observe 
secretory responses when lower concentrations of 
HCl (0 06 and 0 02 n) were used Lower diffusion 
rates (D = 0 01-0 016 x 10"® cm “sec ~^) were ob- 
served when 0 In HCl was added to secretmg 
tissue, or when the acid secreted by a tied mucosa 
was diffusing out at the end of the secretory phase 
The reason for this difference is not clear, but it is 
possible that the tissue suffered some damage when 
HCl solutions were placed m contact with it before 
it had recovered from mjury due to dissection and 
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mampulation (For comparison of diffusion co 
efficients see Table 4 ) 

The relative contributions of dilution, neutralization 
and diffusion to the reduction of gastnc acidity If it is 
accepted that the primary acidity of the secreted HCl 
IS 0 12n m the frog (isotomc with blood), an explana 
tion IS required for the low concentration of HCl m tlie 
secretion of tied mucosa at the end of the secretory 
phase In the experiments m Table 2 the deficit of 
H+ 10ns ranged from 43 to 66 % (cf Davies, 1948, 
Table 4) Possible explanations for the reduction of 
acidity are (a) dilution by a neutral secretion, 
(6) dilution and neutralization by a secretion of 
great neutrahzmg power, (c) loss of H+ 10ns by back 
d i ff u sion, and (d) a combmation of (c) with (a) or (6) 

In mucosa A the concentration of HCl m the 
secretion at the end of the secretory phase was 
0 063 N This could correspond to a loss of 47 % of 
the H+ 10ns or to secretion of the corresponding 
amount of a neutral flmd If it is assumed that back 
diffusion occurred while the HCl was bemg secreted, 
then the true rate of COj uptake corresponding to 
the HCl produced was the sum of the observed 
and the geo] The value of the latter durmg active 
secretion could not be determined, but it can be 
assumed to be at least equal to the maximum g^, 
observed at a later stage Thus the sum of the 
average 8) and the maximum g^^ (3 2) 

would give the true average Q^ca (8 0)> aifl 
primary acidity of the secreted HCl solution calcu 
lated from this and the average g^^o (8 w’ould be 
0 106 N Some reduction of the acidity may be due 
to neutralization by mucus An estimate of tlie 
amount of mucus extruded from the mucous cells 
may be obtamed from the difference between the wet 
weight of the contents and the secretion (cf Davies, 
1948), or from the difference between the wet weights 
of a mucosa before and after moubation, although 
this may mclude some cell debris It seems reason 
able to assume that only the mucus, present as such 
or as a precursor m the mucous cells at the begmnmg 
of the experiment, is extruded mto the lumen, and 
that there is no regeneration of mucus by an isolated 
mucosa, meubated m an morgamc medium con 
tammg glucose as the only added substrate The 
neutrahzmg capacity of gastric mucus m frogs was 
found to be equivalent to that of a solution of about 
0 06n alkah (see p 166) Smce the difference be 
tween the initial and final wet weight (or between 
the wet weights of contents and secretion) of mucosa 
A was about 80 mg (Table 2), this amount, if 
eqmvalent to 0 06 N alkah, could have neutrahzed 
about 90 fjl of the total 1600 fA H+ (590 mg 
secretion containing 0 12n HCl is eqmvalent to 
1600 [A H+) Smce the mucosa contamed 830 /il 
H+ at the end of the secretory period of 4 hr , 680 fil 
H+ are left to bo accounted for by diffusion This 
amount corresponds to a g^o, ^ which is 
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greater than the maximum observed How- 
ever, the neutrahzing capacity of the mucus may 
have been greater than assumed m tins calculation 
(but even if eqmvalent to 0 12 n alkali, it could not 
have neutralized more than 200 pi H+), and tlie 
rate of diffusion may have been higher durmg tlie 
period of active secretion than several hours later, 
when the H+ ion concentration was already reduced 
It was also assumed that there was no appreciable 
amount of other ddutmg secretions This seems to be 
justified on histological grounds, smce m frog gastric 
mucosa, apart &om the oxyphihc cells of the chief 
glands, all other cells of glands and surface epithehum 
are of mucoid character (Pemkopf & Lehner, 1937) 
It IS therefore very probable that m the very active 
piucosa A the reduction of acidity durmg tlie secre 
tory phase was mainly due to back diffusion, and 
that this was so to a large extent also m mucosae 
D and E, although with slow secretory rates, dilution 
and neutralization may be of relatively greater 
importance than with faster rates 



Fig 6 PiffuBioa of ions through non seoreting gaatno 
mucosa Data calculated for frog gastno muoosa, area 
1 cm , thickness 0 3 mm , dry weight 0 0 mg , m contact 
with 0 1 ml pure unbuffered HCI solution, e=2 x IQ-* 
mL mm D =0 01 x 10~‘ cm *seo (a), unbroken Ime, 
decrease of normahty of HQ with time, broken hue, 
mcrease of pH with time, (5), relation of rate of diffusion 
to normahty of HCI solution 


The rdattonbeiween rate of back diffusion and H+ vm 
concentration of the gastric contents Smce the con 
centration of an HCI solution, m contact with a 
membrane through which it can diffuse, decreases 
exponentially with tune, the rate of diffusion ) 
^pen(^ on the prevaihng H+ ion concentration 
^eorell, 1933), of which it is a hnear function The 
H+ ion concentration must be high (pH less than 
about 2) for difEusion to be fast enough to be 
measurable (see Pig 6, which has been constructed 
or an ideal non secreting mucosa m contact with 
pi^, unbuffered HCI solution) Tins may explam 
why back diffusion was observed m highly active 
muc^, but not m muoosa of low secretory activity 
1 h fast rates of secretion, high concentrations of 
S rapidly so that, when the rate of 

wi^tion decr^ towards the end of the secretory 
p lase. It IS outstepped by the rate of back diffusion 


With low secretory rates the decrease m the H+ ion 
concentration due to dilution, buffermg by mucus 
and cell material and to diffusion results m a reduc 
tion of the rate of back diffusion, so that it cannot 
overtoke the rate of secretion which can be mam- 
tamed at a low, but steady level for many hours 
Smce the observed CO. uptake is the resultant of the 
COj uptake due to HCI secretion and the COj output 
due to back diffusion, mlubition of secretion should 
result m the evolution of COj, due to diffusion only, 
provided the H+ ion concentration of the gastric 
contents is sufficiently high (Table 2, D) 

The experiments described m this paper show that 
H+ ions can diffuse through hvmg isolated gastno 
mucosa and support TeoreU’s diffusion theory 
(Teorell, 1933, 1947) They suggest that back 
diffusion of H+ ions also occurs durmg secretion of 
HCI, thus reducmg the efficiency of the process In 
the frog, the loss of H+ ions by back diffusion durmg 
the secretory phase can be relatively large , m the 
mammal, however, owmg to the greater tluckness of 
the mucosa and the high secretory rates (ten tunes 
as fast as m the frog) the loss of H+ ions may be 
comparatively small 

SUmiABY 

1 The diffusion ofH+ ions through isolated gastac 
mucosa of frogs and toawiB was studied by gaaometno 
methods 

2 Solutions of HCI were placed m contact with 
the secretory side of sheets of gastno mucosa, which 
were mcubated m bicarbonate sahne With non 
secretmg tissue an output of C 02 was observed which 
decreased exponentially with tune, m agreement with 
thefindmgs of Teorell (1933, 1947) 

3 On stimulation of mucosa m contact with HCI 
by 6 X 10"® M liistamme, the evolution of CO, ceased, 
and the subsequent rates of CO, uptake and flmd 
secretion corresponded to the production of HCI 
solutions of low concentration If, however, it was 
eissumed that the rate of CO, uptake had been 
reduced by simultaneoiis evolution of CO, due to 
btick diffusion of H'*' ions, the calculated concen 
tration of the secreted HCI solution was near 
iBotomcity 

4 In prolonged experiments with highly active, 
tied gastric mucosa mcubated m bicarbonate sahne, 
back diffusion of H+ ions was observed at the end of 
the secretory phase Mucosa of low secretory 
activity, however, contmued to take up CO, for at 
least 10 hr Inhibition of secretion by 0 02m thio 
cyanate was followed by back diffusion when the pH 
of the gastno contents was less than 2 

6 At the end of the secretory phase the concen 
tration of HCI m the secretion was 40-60 % of the 
theoretical 0 12 n The loss can be largely accounted 
for by back diffusion of H+ ions durmg the secretion 
of Ha 




168 


C TEKNER 


6 The results show that back diffusion of H+ ions 

can occur m hving isolated frog gastric mucosa, and 
that the rate of diffusion is Imearly related to the 
H+ ion concentration of the gastric contents They 
suggest that the concentration of HCl m the secretion 
IS reduced by back diffusion not only after the 
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cessation of secretory activity, but also during the 
period of HCl production 

The author wishes to thank Prof H. A Krebs, P , for 
help and encourageinent, and Pr R E Davies for suggestmg 
this investigation and for ontioism and advice 
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26 THE FATES OF PHENOL, PHENYLStJLPHURIC ACID AND PHENYXGLUCURONTDE 
IN THE RABBIT, IN RELATION TO THE METABOLISM OF BENZENE 

By G A GARTON and R T WHLIAMS* 

Department of Btochemtetry, The University of Liverpool 

(Received 11 March 1949) 


From studies of the fate of benzene (Porteous & 
WiLbams, 1949o, h), catechol (Garton & Wdhsims, 

1948) , resorcmol and quinol (Garton & Wdhams, 

1949) m the rabbit, the following scheme for the 
oxidation of benzene was suggested 

Benzene -> phenol — *• catechol — ► hydroxyquinol 

i 

qmnol 

In order to obtam further evidence about this scheme 
and to fin d out whether phenol conjugates were 
oxidized, the metabohc fates of phenol, phenyl- 
sulphunc acid and phenylglucuromde were studied 
m detail 

Porteous & Williams (1949a) showed that when 
phenol IS fed oraUy to rabbits practically aU the 
phenol excreted IS conjugated The conjugatedphenol 
excreted accounted for 80—90 % of the phenol fed, 
although the total conjugation (1 e glucuromo acid 
and ethereal sulphate) accounted for 100 % The 
difference between the total conjugation and con- 
jugated phenol, amountmg to some 10 %, was 
assumed to be oxidation products of phenol The 
nature of these oxidation products is described here 

• Present address Department of Biocbemistry, St 
Mary’s Hospital Medical School, London, W 2 


Quinol is known, by isolation, to be an oxidation 
product of phenol m the dog (Baumann & Preusse, 
1879o, b) Bneger (1879) claims to have isolated 
catechol and qmnol from 40 1 of urme obtamed from 
hospital patients treated with phenol, but no 
reference is made to the quantities isolated or to the 
amount of phenol administered 

Phenylsulphuno acid is well known to be a 
metabohte of phenol On feeding the compound to 
rabbits, 80-96 % can be accounted for m the urme 
as ethereal sulphate (Rhode, 1923, see also Auerbach, 
1879 and Christiam, 1878) Baumann & Preusse 
(18796) reported that after feedmg the potassium 
salt to a dog, qmnol but not catechol could be 
detected m the hydrolysed urme Furthermore, 
Sperber (19486) has shown that, on injection of the 
sodium or potassium salts of phenylsulphuno acid 
mto hens, some 76 % can be recovered m the urme 
m 80 mnin and there is no nse m the glucuromde 
output These results mdioate that phenylsulphuric 
acid IS rapidly ehmmated from the body mamly as 
such, but a small proportion may be oxidized to 
qmnol 

The other weU known metabohte of phenol is 
phenylglucuromde Nakano (1937) found that this 
compoimd, on mjeotion, is excreted almost quantita 
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tivBly unohanged, but, MThen fed, only about a half ib 
excreted m the urme and there is a rise in the ethereal 
sulphate output Sperber (194:86), however, found 
that when injected into hens 67 % of the dose could 
be recovered in the urine as gluouromde There are 
no reports of phenylglucuronide giving rise to 
oxidation products 

The study of these two conjugates was undertaken 
because we wanted to find out whether free phenol or 
conjugated phenol wm the precursor of the poly- 
phenols of benzene unne 

KXPKRBIENTAL AND RESULTS 

I Excretion of ethereal sulphate and of glucuromde 
after administration of phenylsulphate or phtnyl- 
glucuronide 

Glntraromo acid was detenmned colomnetncally (Hanaon, 
Ihllah Wflliams, 1044) andotheicalsalptiatB gravimetnoally 
by Folm’s method (of Williams, 1938) 



Duration of experiment (days) 


Tig 1 The effect of mjectmg phenylglaouronide (1 21 g ) on 
the ethereal sulphate and glnouromo acid outputs of 
rahbit no 130, • — •, ethereal sulphate, x — x , glncu 
romo acid The dotted lines show the average normal 
output, A of ethereal sulphate and B of glucuronic acid 


The potassium phenylsulphate used was prepared 
according to Burkhardt h Lapworth (1926) and phenyl 
gluouromde dihydrate according to Porteons iL Wilhams 
(1049o) and Garten, Robinson i. Wilhams (1949) The 
constante for these compounds are as recorded by Garten 
etal (1949) 

The rabbits used were kept on a diet of Lever cubes 
(60 g /day) and water ad lib during experimental penods 
This diet appeared to cause the least fluctuations m the 
normal ethereal sulphate and glnouromo acid outputs 

For feeding experiments potassium phenylsulphate and 
phenylgluouromde dihydrate were dissolved m water For 
the injection experiments 2 42 g of phenylgluouromde 
dihydrate were dissolved m 40 ml water This solution was 
mamtained at 30° and 10 ml mjeoted mte the loose skm of 
the groin at each side, each animal thus receivmg 20 ml 
(ne 1 21 g of the gluonronide) 



12 3 4 5 6 

Duration of experiment (days) 


Fig 2 The effect oforaladminiatration of phenylgluouromde 
(1 5 g ) on the ethereal sulphate and gluouromo acid 
outputs of rabbit no 124, 9 — O, ethereal sulphate, 
X — X , glnouromo aoid The dotted Imes show the average 
normal output, A of ethereal sulphate, B of gluouromo 
aoid 

The results are recorded m Table 1, which shoivs 
thatwhen potassium phenylsulphate isfedaome 90 % 
of xt can be accoimted for as ‘ extra ’ ethereal sulphate 
The gluouromo aoid output does not appear to be 


Table 1 The excretion of ethereal sulphate and glucuronic acid by rabbits 
receiving potassium phenylsulphate or phenylglucuronide 


Compound and route 
of admimstration 
Potassium phenylsulphate 
Oral 
Oral 
Oral 
Oral 
Oral 

Phenylglucuromde 

Oral 

Oral 

Subcutaneous mjection 
Subcutaneous mjection 


Dose 


Rabbit 

no 

1 

g 

-* , 

™g I^S 

124 

033 

100 

125 

0-36 

100 

126 

0 36 

100 

124 

165 

500 

125 

180 

500 

124 

1-40 

500 

125 

140 

500 

129 

121 

403 

130 

121 

378 


‘Extra’ 

‘Extra’ 


ethereal 

gluouromo 

Total 

sulphate 

aad 

recovered 

(% of dose) 

(% of dose) 

(% of dose) 

82 9 

0 

82 9 

90 3 

0 

90 3 

890 

0 

89 0 

— 

0 

— 

— 

0 

— 

213 

28 4 

49 7 

15-4 

416 

66 9 

0 

98 6 

98 5 

0 

96 2 

96 2 
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disturbed At a dose level of 100 mg ( = 44 mg 
plienol)/kg body weight a small rise m gluouromo 
acid cannot be readily detected by the quantitative 
method used Two determmations of glucuromc acid 
output were therefore made at the higher level of 
600 mg { = 222 mg phenol)/kg , but agam no dis- 
turbance of the normal glucuromc acid level could 
be detected It is concluded, therefore, that very 
httle potassium phenylsulphate is hydrolysed m the 
mtestme or m the body If hydrolysis had been 
e'vtensive then the excretion of phenylglucuromde 
would have been expected to rise 

Table 1 shows clearly that the fate of phenyl- 
glucuromde depends on the route of adrmnistration 
On mjection the glucuromde is almost quantita 
tively recovered m the urme m 1 day (see Fig 1) On 
oral administration, however, there is an appreciable 
rise m the ethereal sulphate output and only about 
60% of the glucuromde fed can be accounted for 
(i e by the ‘ extra ’ ethereal sulphate and glucuromc 
acid) The excretion of ‘extra’ glucuromc acid 
contmues for 3 daj^ after feeding, although the 
excretion of ‘extra’ sulphate is complete m 1 day 
(see Fig 2) Tliat there is a prolonged excretion 
of glucuromde after feedmg phenylglucuromde is 
supported by quahtative findings reported below 

n Isolation of the oxidation products of phenol 
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basic lead acetate until precipitation ivas complete The 
filtrate was fieed of Pb with HjS and extracted with ether for 
20 hr Evaporation of the ether at 20° m the presence of 
10 ml water gave an aqueous residue which was then treated 
with 60 ml saturated NaHCO^ and 20 ml acetone containing 
1 S P toluenesulphonyl chloride After sha kin g the nuxtnre 
for an hour and then keepmg overnight, the whole was diluted 
with 160 ml water A orystallme product (980 mg , m p 
80-90°) was obtamed, which on fractional crystallization 
from absolute ethanol (charcoal) yielded (m order of crystal 
lization) (a) qumol di p toluenesulphonate (60 mg , m p 
166°), on reorystallization it had m p ’and mixed m.p 168° 
■with authentic material, but depressed the m p of catechol 
di p toluenesulphonate, (6) catechol di p toluenesulphonate 
(15 mg ), m p 160° and mixed m p 160°, it depressed the 
m p of the qmnol ester, (c) phenol p toluenesulphonate 
(676 mg ), m p and mixed m p 91-92° We were unable 
to isolate the hydroxyqumol denvative, although colour 
reactions mdicated very definitely that hydroxyqumol was 
present m the ethereal sulphate fraction 

The basic lead acetate precipitate was suspended m water 
and the lead removed with HjS The lead free filtrate was 
treated m the same way as above (yield of tolnenesulphonates, 
2 27 g ) resultmg m the isolation of qumol di p toluene 
snlphonate (136 mg ), m p and mixed m p 168-169°, and 
phenol p toluenesulphonate (2 g ), m p and mixed m p 92°, 
each after reoiystaUization 

The yields of the phenols are summarized m Table 2 

Table 2 Phenols isolated from the ethereal sulphate 
fraction of the unne of rabbits receiving phenol orally 


(1) Preparation of extracts Twelve rabbits were each given 
twice a day on two successive days 0 26 g phenol m 10 ml 
water by stomach tube (total fed, 12 g ) On the first day 
1976 mL unne were collected and on the second 2000 ml 
The slightly aJkalme urme was non reducmg and a httle 
darker than normal It gave an mtense Tollens test, but no 
FeQj test though small amounts of free phenol were detected 
with 2 6 dichloroqumone chloroumdo No other firee phenols 
were detected Each day’s urme was filtered, made normal 
with respect to HCl and then heated for 0 6 hr at 94° on a 
water bath to hydrolyse ethereal sulphates (cf Garton et al 
1949) The urmes were then extracted to exhaustion (30 hr ) 
with peroxide free ether Two extracts, A s (for day 1) end 

(for day 2) were thus obtamed 
The extracted urmes were now made 3 n with respect to 
HCl, boiled under reflux for 2 hr to hydrolyse gluouromdes 
and agam extracted with ether for 30 hr Two further 
extracts Ag and Bg were thus obtamed 

The four extracts Ag, Bg, Ag and Bg were evaporated at 
20° to about 20 ml and exammed for phenols by colour tests 
as described by Porteous & Wdhams (19496) Ag and Bg 
were found to oontam phenol, catechol, qumol and hydroxy 
qumol Ag and Bg gave strong tests for phenol and very 
weak tests for catechoL None of the extracts contamed 
resorcmol, pyrogaUol or phlorogluomol It was clear from 
these tests that the oxidation products of phenol were almost 
entirely m the ethereal sulphate fraction. 

(2) Isolation of phenols from the ethereal sulphate fraction 
Extracts Ag and Bg were combmed, 30 mL water added and 
the ether removed at 20° The yellow brown aqueous residue 
was boiled with charcoal and filtered. The cooled filtrate was 
made ]ust alkalme with NaHCO, and treated with saturated 


Compound isolated 

Phenol 

Qumol 

Catechol 

Hydroxyqumol 


Yield ofp toluene 
sulphomc ester 
(g) 

2 67 
0 186 
0 016 


Yield as percent- 
age of dose of 
phenol 

85 
0 41 
0 033 

Small amounts 
detected by 
colour reactions 


(3) Isolation of phenol from the glucuromde fraction The 
only hydroxybenzene which appeared to be present m 
quantity m extracts Ag and Bg was phenol itself Traces of 
catechol were detected by colour reactions Treatment of the 
combmed ether free fraetioiis Ag and Bg with p toluene 
sulphonyl ohlonde m acetone yielded 3 16 g of phenol 
p toluenesulphonate (m p andmixedm p 92°afterreorystal 
hzation) oorrespondmg to 10 % of the dose This low yield of 
phenol mdicates either that the gluouromde fraction was 
mcompletely hydrolysed or that phenol is lost m the more 
vigorous hydrolysis by comhmation with other urinary 
constituents It was therefore decided to mvestigate the 
gluouromde fiuotion obtamed dueotly firom phenol urme by 

jystematio lead acetate precipitation 

(4) Examination of the basic lead acetate fraction of phenol 
inne Phenol (0 8 g ) was fed to each of six rabbits and an 
18 hr urme (760 ml ) collected The basic lead acetate 
ireoipitate was prepaid as for the preparation of Phenyl 
rlucmomde (Porteous A Williams, 1949a) and the Pb 
UiovedbyHjS From the Pb-fiee filtrate 4 23 g of phenyl 
[lucuromde dihydrate were isolated This corresponds to 
!1% of the dose The concentrated mother hquors (16 ml ) 
rom the gluouromde were now exammed for polyphenols 
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They were hydrolysed by reflusmg for 1 hr with C ml cone 
The hydrolysate was cooled and diluted with water 
to 60 ml and then extracted with peroxide free other for 
8 6 hr The extract thus obtamed was tested for phenols, and 
it was found that only phenol itself was present, although 
doubtful tests for qumol were obtamed It was therefore 
concluded that only phenol ooonrs m the glucuromdo 
fraction of phenol nrmes The traces of catechol and qumol 
were insignificant 

Unnes were collected for a further 3 days after the nrmes 
eiammed above These nrmes appeared to be normal They 
were, however, subjected to the same procedures as described 
above for the nrmes of the first 3 dajrs The extracts obtamed 
did not contam significant amounts of phenohe metabohtes 
and we detected traces of phenol and catechol m the ethereal 
sulphate fractions only These traces were no more than can 
be found m similarly treated extracts of normal rabbit urme 

ni The mciabohtes of potasamm phenylaulphate 

(1) Examination of the etherePl Bvlphaiefraclion of phenyl 
sulphuric acid urine Ten rabbits were each given 2 g of 
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Slum phenylsulphato does not lead to an moreased excretion 
of phenohe glucuromdes 

IV The meiabolites of phenylglucurontde 

Two rabbits were each given by etomaoh tube an aqueous 
solution contammg 1 6 g of phenylglncuromde dihydrate 
Attempts to isolate the phenols of the ethereal sulphate and 
gluowromde fraotions were not made in this ease Yfe were, 
however, able to detect, besides phenol, defimte but small 
amounts of catechol, qumol and hydroxyqumol m the 
ethereal sulphate fraction In the gluouromde fraction the 
only hvdroxvbenzene present was phenol 

DISCUSSION 

On the basis of the results of the present paper and 
of those of Porteous & Wilhams (194:9a, 6) and 
Carton & Wilhams (1948, 1949), the foUowmg 
scheme for the metabolism of benzene to hydroxy- 
qumol is suggested 


pate op phenol and conjugated phenol 


Approx 20% 

Benzene — phenol ■ 


-V catechol — >■ hydroxyqumol 


qumol 


' 1 

- 1' 


conjugated conjugated conjugated conjugated 

phenol qumol catechol hydroxyqumol 


Toxic 

compounds 


Detoxicated 

compounds 


potassium phenylsnlphate m water by stomach tube and a 
24 hr unne (950 mL) collected, and filtered through glass 
wool The non reducing urme was made normal with. lespeet, 
to HCl and hydrolysed by warmmg to 94° for 30 min The 
Lbexated phenols were then extracted (20 hr ) with peroxide 
free ether After adding 100 ml water, the ether was removed 
in vacuo at 20° The residual hquor, which contamed globules 
of dark red od, was boiled with charcoal and filtered The 


filtrate contamed much phenol, small amounts of qumol an 
only slight traces of catechol and hydroxyqumol 
Smoe the amounts of qumol present were small, it ws 
decided to estimate it on a sample of the solution befoi 
attempting isolation. The qumol was estimated lodometr 
rally as described m an earlier paper (Gorton & WOliami 
1949) by the method of Wieland (1910) It was found the 
31 mg of qumol were present or 0 3% of the potassinr 
phenylsulphate fed 

We attempted to isolate the qumol as ap toluenesulphom 
ester, but without success Our mam product was phem 

^ mi ^ 

(-) The glucuronidefraction of phenylsulphuric acid unni 
he above partinUy hydrolysed urme was wanned to eip< 
rthcr and then made lOn with respect to The miitur 

^ ^ subjected to oontmuous ethe 

todmg confirms the view that the administration of potai 


This scheme accounts for only 20 % of the 
benzene administered Such ftspects as the ehmi- 
nsAwsn t>f ■vmcbBtnged beTocene (vrhich TOBy aecovmfe 
for more than 60 %), the formation of muoomc acid 
and phenylmercaptuno aoid have yet to be con- 
sidered and are bemg mvestigoted by us 

According to the above scherne it is fi:e6 phenol and 
not conjugated phenol which gives rise to poly 
phenols The evidence for this view will occupy the 
rest of this discussion 

Porteous & Wilhams (1949 a) have shown that 
about 21 % of the benzene administered orally to 
rabbits is oxidized to phenols and the ratio 
phenol/polyphenols of the unne is roughly 1, i e 
phenol and the total polyphenols (catechol, qumol 
and hydroxyqumol) are produced m roughly equal 
amounts On administration of phenol, however, 
the ratio phenol/polyphenols is about 6 or 6 This 
means that administered phenol is rapidly conju 
gated formmg phenylsulphunc acid and phenyl- 
glucuromde which are (see p 162) excreted im 
changed This rapid conjugation leaves only a small 
proportion of fiiee phenol for further oxidation, 
unless there is a reversal of conjugation, thus 


Phenol 



conjugated phenol 


polyphenols 


conjugated polyphenols 



162 


G A GARTON AND R T WILLIAMS 


1949 


That the glucuronic acid and ethereal sulphate con- 
jugations Eire rapid processes is now fairly well 
established (see Hemingway, Pryde & WiUiams, 
1934, Sperber, 1948 a) 

Earher workers have shown that the potassium 
or sodium salts of phenylsulphunc acid whether fed 
by mouth or mjected are rapidly excreted unchanged 
almost quantitatively (Chnstiam, 1878, Rhode, 
1923 , Sperber, 19486) Our results confirm this view 
for we recovered 90 % of orally administered potas 
Slum phenylsulphate withm 24 hr offeedmg If this 
compound held undergone hydrolysis m the body to 
any significant extent, then a rise m the glucuronic 
acid output would have been noted No such nee 


there is asharpnse metherealsulphate corresponding 
to 1 6-20 % of the dose of glucuromde Furthermore, 
m the ethereal sulphate fi:action of the urme, phenol, 
qumol, catechol and hydroxyqumol are detectable 
The excretion of glucuromc acid remains above 
normal for 3 days after dosmg (see Fig 2), and this 
probably means that the glucuromde is poorly 
absorbed fi’om the mtestme Poor absorption of the 
glucuromde from the mtestme would thus allow 
considerable hydrolysis and destruction by mtestmal 
bactena (Barber, Brooksbank & Haslewood (1948) 
have shown that certam bactena destroy gluouro 
mdes) The fate of phenylglucuromde on oral 
administration can be represented as follows 
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gut 
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^ phenol 
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phenylsulphunc acid 


■e- polyphenolsnlphuno acid 


was observed even when the dose of the ethereal 
sulphate was as high as 600 mg /kg and the con 
elusion was confirmed by our mabihty to find 
phenylglucuromde when the glucuromde fraction 
of the urme was exammed quahtatively We did 
find, however, m the ethereal sulphate fraction of 
‘potassium phenylsulphate urme’ small amounts of 
qumol (estimated as 0 3 % of the dose ) and extremely 
small traces of catechol and hydroxyqumol These 
could have arisen from a small amount of free phenol 
released by a shght hydrolysis of phenylsulphuno 
acid by the phenolsulphatase of the gut However, 
the possibihty of direct oxidation of phenylsulphimc 
acid to qumohnonosulphuno acid cannot be ooni- 
pletely ruled out, although we feel that this is 
unlikely because a strong acid such as phenyl 
sulphuric acid, once m the body, would be too rapidly 
excreted to allow much oxidation Both phenyl- 
sulphunc acid and phenylglucuromde are ehmmated 
by renal tubular excretion m hens (Sperber, 19486) 
On mjection, phenylglucuromde is excreted 
quantitatively unchanged m 24 hr thus oonfirmmg 
the work of Nakano ( 1 93 7) on rabbits and of Sperber 
(19486) on hens If any hydrolysis had taken place 
then a nse m ethereal sulphate would have occurred 
(see Fig 1) It IS clear that glucuromdase does not 
exert its hydrolytic function m the mtact animal 
tmder the conditions of our experiments 

On eral a dminis tration, however, phenylgluouro 
mde undergoes considerable hydrolysis and probably 
destruction Only about 60 % of the dose could be 
accounted for m the urme, thus co nfirmin g the work 
of Nakano (1937) On the first day after feedmg 


There is one further pomt wluch requires discussion 
and that is the conversion of phenol to catechol The 
semi quantitative results of Porteous & WiUiams 
(1949o, 6) show that catechol and qumol are 
produced durmg the metabohsm of benzene m equal 
amounts, whereas with phenol ten times as much 
qumol is produced as catechol Qumol is thus the 
mam oxidation product of phenol This could mean 
that catechol is produced from benzene m more than 
one way, thus 


Benzene 



phenol 


unknown ■ 
intermediate 


• catechol 


Such an mtermediate could be 1 2 ddiydro 1 2 di- 
hydroxybenzene which could yield both phenol and 
catechol as suggested by Porteous & WiUiams 
(19496) 

SUMMARY 

1 The metabohe fates of phenol, phenylsulphunc 
acid and phenylglucuromde have been studied m the 
rabbit 

2 Besides forming the mam metabohtes, phenyl 

sulphuric acid and phenylglucuromde, phenol is 
oxidized to a smaU extent to qumol, catechol and 
hydroxyqumol, which occur only m the ethereal 
sulphate fraction of the urme The mam oxidation 
product IS qumol Both qumol and catechol were 

isolated asp toluenesulphonates from phenol urme 
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3 Orally administered potassium phenylsulphate 
and mjected phenylglucuromde are excreted almost 
quantitatively unchanged by the rabbit 

4 OraUy administered phenylglucuromde causes 
a considerable rise m ethereal sulphate output and 
small amounts of qumol, catechol and hydroxy- 
qiiinol are also excreted Tlie evidence suggests that 
phenylglucuromde is partly hydrolysed m the gut 
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yieldmg firee phenol -which is then oxidized to poly- 
phenols 

6 The results are discussed and the conclusion is 
reached that the polyphenols of benzene and phenol 
metabolism are products of the oxidation of free 
phenol and not of conjugated phenol 
The expenses of this work were m part defrayed by a grant 
from the Medical Besearoh Conned 
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The Biogenesis of Porphyrins 
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It -was sho-wn by Shemm & Rittenberg (1946o, 6) 
that feeding of glycme labelled -with ifN to men or 
rats produces a relatively high isotope content m the 
porphyrm moiety of the haemoglobm molecule The 
e ect appeared to he specific, smce ammoma, 
giutenuc acid, leucme and prohne, also labelled with 

tiiertablemtrogenisotop6,-werer8lativelymeffeotivB 

^ ™^ct These experiments did not mdicate 
wnether the isotopic mtrogen was equaUy distributed 
ver 6 our nngsofprotoporphynn, and this paper 
fn experiments designed to 

mv^gatethis question Degradation of porphyrins 
whoh IS requ^d for this purpose can be done by 
latter oxidative or a reductive procedure The 

prelimma^ 

alkoxides Y^ch reduction -with sodium 

The method fi ii ’ method -was abandoned 
ihe method finaUy chosen consisted of reduction 

1948 communication, see Muir and Nenberger, 


of protoporphyrm to mesoporphyrm, followed by 
oxidation of the latter with chromic anhydride The 
mam products of this oxidation are methylethyl 
maleio acid nmde and 1 methyl 2 2' carhoxyethyl- 
maleic acid imide (haematmio aoid imide) t The 
neutral compound is derived from the rmgs I and H 
and the acid is produced from the two acidic rmgs 
ITT and IV The ohromio anhydride oxidation has 
been used extensively m the porphyrm field and 
has been exammed systematically by Fischer & 
Wenderoth (1939) Ho-wever, their method could not 
ho sucoessfuUy apphed to the small quantities of 
porphyrins available to us, and it -was necessary 
therefore to study the conditions of oxidation of 
mesoporphyrm and the separation of the products 
in the pure state m some detail An mvestigation of 

f In the German hterature the term haematmio acid ib 
used both for the above and for the corresponding diketo 
dihydrofuran derivative , we propose to descnbe the former 
as haematmio aoid imide and the latter as haematmio acid 
anhydride 
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the ultraviolet absorption spectra, dissociation 
constants and solubihties m various solvents of the 
various maleic acid derivatives was therefore under- 
taken, and on tins basis a method of oxidation and 
separation elaborated which permitted the isolation 
of the two imides m orystalhne form on a scale of 
about 10-16 mg A convement synthesis of the two 
imides IS also described m the Experimental section 

By usmg glycme labelled with on the carboxyl 
carbon Gnnstem, Kamen & Moore (1948) showed 
that the carboxyl group of glycme does not appear 
m the protoporphyrm molecule It thus appeared 
possible that the immediate precursor of part of the 
haenun molecule is not glycme, but another mtro- 
genous compoimd derived from it One possible 
pathway appeared m the conversion of glycme to 
serme which has been showm to occur in vitro 
fU'^mmck, Fnedberg & Greenberg, 1948) and the 
decarboxylation of the latter to ethanolamme This 
hypothesis was tested by feedmg ethanolamme, 
labelled with 

EXPERIMENTAL 

Preparation of methylethylmaleic acid tmtde and 
of haematimc acid tmtde 

Methylethyknaleic anhydride and haematimc acid 
anhydride have been prepared by addition of 
hydrogen eyamde in a heterogeneous medium to the 
corresponding substituted acetoacetates, followed 
by hydrolysis and dehydration fMichael & Tissot, 
1892, Kuster, 1906, 1908, 1924, Kuster & Weller, 
1917) We have found that the yields are unproved 
and the preparation of the cyanohydrm simplified 
if the condensation of the acetoacetate is earned out 
■with liqmd hydrogen eyamde under the catalytic 
influence of a small amount of potassium cyemide 
(Lmstead & Milhdge, 1936) Kuster (1908, 1924) 
prepared the imides ficom the anhydndes by treat- 
ment "With ammoma , yields by this method are not 
good and separation from other products is rather 
laborious It was found that the imides can con- 
vemently be prepared by heatmg the anhydndes 
■with urea (see Cohen, 1928) This method, which 
gives very good yields 'with disubstituted maleic 
acid anhydndes, cannot be used for maleic anhydnde 
itself and gives only poor yields ■with citracomo 
anhydnde 

Meihylethylmaleic acid anhydnde Ethyl 1 ethylaceto 
acetate (174 g , b p Ql°jl8 mm ) -was added slowly at -6° 
to liquid HCN (61 g ) contaming saturated aqueous KCN 
(1 ml ) The mixture was left at 0° for 18 hr and then at 20” 
for 2 hr , it ■was then poured mto 36% (w/v) HCl (700 ml ) 
pre'nously cooled to 0” The solution was left for 3 days at 0”, 
and after removal of excess HCN by aeration was heated first 
to 60° for 3 hr and then to 100” for 12 hr On coohng NH«C1 
crystallized out and ■was removed by filtration The solution 
was evaporated to dryness in vacuo and the residue extracted 


with diy boilmg ethyl acetate (800 ml ) After drying and 
removal of the solvent, the residue was dstiUed at 210-220° 
(60 mm ) The mixture of anhydnde and water was separated 
after addition of NaCJl The anhydnde was redistilled first at 
ntmospheno and then under reduced pressure, boding pomt 
was233-234°/760mm and 121-123”/18 mm Yieldwas65% 
of the theoretical 

Methylelhylmaleic acid iwide The above anhydnde (14 g ) 
and urea (6 5 g ) wore heated together at 160” m a flask fitted 
■with an air condenser untd the evolution of NH, ceased 
(40 min ) The sohd, mcludmg the copious snbhmate, ivas 
taken up m a small amount of bodmg water and allowed to 
cool The crystalhne matennl -was filtered off and reorystal 
lized from ■water, it had m p 68” which did not change on 
further recrystaUization (Found N,9 9,calo forC,H,0»N 
N, 10 1 % ) Yield was 70% of the theoretical 

Baemalintc acid anhydnde Ethyl 1 aoetylglntarate 
(185 g , Clemo A Welch, 1928) was added slowly at -6° to 
hqmd HCN (26 g ) containing 0 7 ml of saturated aqueous 
KCN The mixture was left at 0” for 18 hr and at 20° for 
2-3 hr Hydrolysis of the cyanohydrm was earned out as 
desonbed above The solution, after bemg heated at 100° for 
12 hr , ■was evaporated ire vacuo to diyness and the residue 
extracted repeatedly ■with dry boihng ethyl acetate (161) 
The combmed extracts were dned and the solvent removed 
ire vacuo The residue was dissolved m water (600 mL) and 
extracted thnee ■with CHClj The aqueous solution ■was agam 
evaporated to dryness and the residue taken up m ethyl 
acetate The solvent was remo^ved ire vacuo until the volume 
of the solution ■was about 300 ml , 60 mL portions were now 
heated m a flask immersed m a bath which was slowly 
heated to 186° A second thermometer ■was immersed 
m the hqmd W hils t the dehydration proceeded the inside 
temperature was considerably lo^wer than the outside 
At the end of the reaction this difference became small 
(6-10°) If the heating was prolonged beyond this pomt 
decarboxylation ocourred. The sohd which formed on 
coolmg ■was dissolved m hot water (40 ml ) and extracted ■with 
CHCl, (300 ml ) The CHCl, extracts yielded after drymg and 
evaporation ire vacuo a orystalhne residue which was 
reorystalhzed from ether and hght petroleum (60—80°) 
Meltmg pomt was 99° (unoorr ) Yield ■was 66 % 

Eaemaiinic acid imtde. A mixture of the haematmic acid 
anhydnde (3 66 g ) and urea (1 6 g ) was heated at 160—166° 
for 40 mm The residue was dissolved m water (10 ml ) and 
36 % (w/v) HCl (4 mL) ■was added The solution -was extracted 
■with ethyl acetate The orystallme material which ■was left 
after removal of the solvent ■was reciystalhzed from ether 
and hght petroleum (b p 60-80°) The meltmg pomt was 
110” and the yield 76% On recrystallmng the matenal 
twice from a httle water the meltmg pomt rose to 117 
(unoorr ) (Found N, 7 7, calc for CjHjO^N N, 7 6% ) 

The methyl ester of the imide was obtamed as follows 0 6 g 
of the imide acid was dissolved m cold anhydrous methanol 
(20 mL) oontainmg HCl (1 n) The solution was left at 0 for 
40 hr and then concentrated in vacuo The residue "was 
dissolved m ether (40 ml ) and extracted twice ^with NaHCOj 
solution and once ■with saturated NaCl (3 ml ) The ether 
solution was dned and the solvent removed The residue was 
distilled at 6 mm pressure at 160” The distilla te, which soon 
crystallized, was dissolved m CHCI3 and precipitated by hght 
petroleum (b p 40-60°) Meltmg pomt was 66° (uncorr ), 
KOster (1908) gives m p 64” (Found N, 7 0, calc for 
CjEuG^N N,7 1%) 
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Properties of the mdlctc acid derivatives 

Ultraviolet absorption spectra A Beckman photo- 
electno spectrophotometer was used The results are 
shown m Figs 1, 2 and 3 Both unides have a 
maximum m water, which is not very shaip, at 
293-6 m /1 , this is shifted m ether to about 
276 m /1 MethylethyhnaJeic anhydride is very 
insoluble m water, and its absorption was therefore 
measured m ether The two anhydrides have no 
maximum above 260 m/i , and their absorption at 
310 m/i IB very small, i e only about 10 % of that of 
the correspondmg imides Measurement of ultra 
violet absorption at 276, 296 and 310m/i ermthusbe 



to determme approxunately the relative e 
^trations of imides and anhydrides m a mixti 
pro\oded that other substances absorbmg m 1 
wpon ^ absent The relatively mtense absorpt 
i" ^'’'^^^tstituted maleic acid derivatives 

contrast to 

10^4) of maleic anhydride itself (Fn, 

a^orptions of the two haemat 
aci^ in ether have been measured by Fnedl (19' 

I^lS30CiaU07l COtX^tQnt^ 'TTip. D-n-no 1. j ' 

Biochem 1949, 4S 



Fig 2 Absorption spectrum of methylethylmaleio 
acid anhydnde in ether 



Fig 3 Absorption spectrum of haematimc acid 
anhj dnde m water 


11 
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mude behaves as a monobasic aoid with an apparent 
pK of 4 63 No correction for ionic strength has been 
made and the value is of the expected order of 
magmtude Haematmic acid anhydnde behaves as 
a tnbasic acid, but even an approximate calculation 
of the first and the second pK is not easy Haema- 
timc acid anhydnde may exist m water wholly or 
partly as acid anhydnde which opens instantaneously 
on addition of allcah The equihbnum constant for 
this reaction cannot be calculated from our data It 
may suffice therefore to give the mid-pomts of three 
steps m the titration, these are as foUows 3 76, 
5 08,6 46 It IS clear that haematmic acid anhydnde 
IB a much stronger acid than the imide and it 
appeared possible to base a method of separation of 
the two compounds on this difference 


phase, before and after equihbration with the 
orgamc solvent Methylethyhnaleic anhydnde is 
insoluble m water and easily soluble m all organic 
solvents tned Its removal jfrom an oxidation 
mixture thus presents no difficulty The solubihty 
of the two haematmic acids m ether is about the same 
as m water, and this solvent, which was used by 
Eischer <St Wenderoth (1939), is therefore not con- 
venient for the complete extraction of the imides 
This can be done more easily with ethyl acetate, 
for which distnbution coefficients of 16-20 were 
observed Haematmic acid anhydnde and methyl 
ethyhnaleic acid mude are much more soluble m 
chloroform than m water, whilst the reverse was 
found for haematmic acid mude, the distnbution 
coefficient for the latter bemg about 0 033 



Fig 4 Bleotrometno titration of haematimo acid anhydride with (4) and without 

(B) caloinm ohlonde, and of haematuuo aoid mude (C) 


Fig 4 also shows that addition of calcium 
chlonde causes an apparent increase m the pK 
values of haematmic acid anhydnde This effect, due 
to complex formation, is observed with some other 
di- and tn carboxyhc acids and can be utilized 
for the separation of the anhydnde from the 
mude 

Solubtltties Approximate distribution coefficients 
were detemuned by shaking aqueous 0 001—0 002m 
solutions of the two haematmic acids and of znetbyl- 
ethyhnaleic acid imide with an equal volume of 
Organic solvent previously saturated with water 
Distnbution coefficients were obtamed from the 
difference of ultraviolet absorption of the aqueous 


Separation of haematmic and mude and 
anhydnde 

At pH 6 46 about 90 % of the mude (pH 4 6) should exist 
as salt, and 10 % as the free aoid However, extraction with 
ethyl acetate, in which the mude is about 16 tunes more 
soluble than m water, should remove more than half of the 
mude, if the pH is kept constant with a buffer which is not 
extracted by the organic solvent The anhydride, on the 
other hand, should enst at that pH as a mixture of dibasic 
and monobasic salts, and thus not be extracted to any extent 
by ethyl acetate This prediction was put to the test 9 2 mg 
of each aoid were dissolved in 60 ml 0 5ai citrate, pH 6*44, 
and extracted with ethyl acetate Speotrophotometno 
exammation of the two aqueous phases showed that about 
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44% of the umde and almost none of the anhydnde was 
extracted under these conditions That a smaller amonnt of 
imide was extracted than was anticipated is probably due to 
a decrease m apparent pK of haematmio acid imide in the 
highly concentrated citrate buffer used This method was 
also found to separate oxahc acid and succmio acid, which 
have been identified as by products of porphyrm oxidation, 
from haematmio acid imide 


stable, both to the oxidative action of CrOj and to the 
hydrolytic effect of HjSOj under the conditions used for the 
oxidation of porphyrms 


Oxidation of mesoporphynn This was investigated 
by following the consumption of chrormc anliydnde, 
the production of carbon dioxide, and the formation 
of the two imides and otlier possible compounds 


Oxidation of mesoporphynn methyl ester by 
chromic anhydnde 

Under the usual conditions (Fischer &, Wenderoth, 
1939) the ester is first hydrolysed by 60% (v/v) 
sulphunc acid and then oxidized by chromic 
anhydnde, after addition of an equal volume of 
water The formation of methylethyhnaleic acid 
umde and haematmic acid imi de is expressed by 
the foUowmg equation 

+ 46CrOj + 69 H:jSOi = 6C,Ht,0^ 

+ eCaHjOilSr + ISCOj + 2302(804)3 + 78H,0 (1) 

According to this equation twenty -three O atoms 
are consumed, six for the oxidation of the methanol 
and seventeen for that of the porph5rnn Of the six 
molecules of carbon dioxide produced, two are 
denved from methanol and four from the methyne 
groups In view of the importance of this oxidation 
for tracer studies generally, it was desirable to 
establish whether this equation represents the mam 
or only pathway of oxidation 


Slabtliiy of maleic acid imides to chromic anhydnde 
and sulphunc acid 

Samples (66 mg ) of methylethylmaleic acid umde were 
dissolved m 60 ml of water cont ainin g vaiying concentra 
tons of HjSO* (12 6, 26, 60, % all v/v), and CrO, (160 mg ) 
^e solutions were kept at 0, 20 and 37° respectively, and 
o mk samples were withdrawn and CrOj was titrated lodo 
^tncally There was no change m the lodme titration, apart 

tom one sample which had been left for 24 hr at 37° In the 

^r, the figures mdioated that about 4% of the CrO, had 
n consumed. Similar results were obtained with haema 
oaoi imide Thepossibihty that the acid mighthydrolyse 
the umdestoanhydndeswasalsomveatigated. Haematmio 

acid umde (10 2 mg ) was dissolved m 60% (v/v) HjSO, 
ti, ^ dilnted at once with water to 10 mb and 

e ultraviolet absorption measured tom 286 to 310 mu. 

at 23°, 1ml was agam withdrawn, 
nn 1? ° ^'*’^**^®^uioton curve measured. There was 

values agreed closely with those expected 
n« i!' ®^ries of expenmeuts was carried out 

acid umde (160 mg ) was dissolved m 
resiwt ^ ® portions were added, 1, 2, 3, 4 and 6 ml 

un with ° t and the volume was made 

cither ntn'’ ^ ^ '^ase solutions were allowed to stand 

T v® ^®°^ad the un 

m r &e^h1 NH, m the aqueous toctiom 

fU,^' If apparatus showed that no NH, had beer 
1 18 concluded, therefore, that the two umdes are 


In a typical experiment, mesoporphynn methyl ester 
(260 mg ) was dissolved m 60 % (v/v) HjSOj (16 ml ) and the 
solution shaken for 2 hr at 18—20° The solution, now con 
tauung fine mesoporphyrm, was cooled to 0°, and CrOj 
(726 mg , 10 % excess) dissolved m 16 ml water previously 
cooled to 0°, was added The mixture was then shaken at 
abont 18°, w hils t N„ fined of COj, was passed through. COj 
evolved was collected m three flasks contammg measured 
amounts of 0 In Ba(OH)j After smtable mtervals the 
Ba(OH)j solutions were removed, acetone (0 8 voL) added 
and the Ba(OH), titrated with 0 1 N HCl, usmg thymol blue 
as mtemal mdicator After 6 hr the mixture was extracted 
three times with 30 ml portions of ethyl acetate, the com 
bmed extracts were washed with saturated NaCl (6 ml ) and 
the salt solution agam extracted with ethyl acetate (10 ml ) 
The oombmed ethyl acetate solutions were dned and the 
solvent removed in vacuo The weight of the residue was 
201 4 mg The yield at this stage would be 76%, if the 
residue consisted entirely of the two imides The aqueous 
fiaotaons were used for estimation of total N and NH, N 
The residue &om the ethyl acetate extractions was dissolved 
in boilmg water (10 mk) and filtered. After cooling to 0°, the 
pH was brought to 7 0 by addition ofNaHCOj (100 mg ) The 
solution was now extracted with CHCI3 (3 x 30 ml ) and the 
combmed CHC3j solutions were washed with saturated NaCl 
and dried On removing the solvent, 71 6 mg of almost pure 
methylethylmaleic aoid rmide were obtamed This was dis 
solved m a httle hot water and crystallized by slow evapora 
tionm a partially evacuated desiccator There were obtamed 
68 6mg of the imide of m p 68° (Found N(K]eldahl) 10 2, 
calc for C,H,0,N N, 10 1 % ) Yield of crude imide was 63 % 
of the theoreticak The neutral aqueous solution was acidified 
with N HCl (0 6 mk) to pH 6 and 20 ml of 0 5m citrate 
buffer, pH 6 44, were added The solution was extracted with 
ethyl acetate (4 x 66 ml ) The combmed ethyl acetate 
solutions were extracted twice with 10 mk portions of 
N Ha contammg 10% (w/v) NaQ and once with saturated 
Naa (6 mk) The combmed aqueous solutions were again 
extracted with ethyl acetate (10 ml ) From the combmed 
ethyl acetate solutions there were obtamed 116 7 mg of a 
partly crystallme sohd Ultraviolet absorption of an aqueous 
solution of this matenal revealed the presence of some 
material absorbing at about 300 mp. other than haematmio 
acid imide or anhydnde The sohd was therefore dissoh ed m 
water (10 ml ), extracted twice with CHG, (1 mk) to remove 
impunties and then with ethyl acetate (3 x 20 ml ) On 
concentratmg the dned ethyl acetate solutions, crystals 
were obtamed which were reorystallized tom a very smaU 
amonnt of water, givmg 80 5 mg of umde of correct meltmg 

pomt analysis and ultraviolet absorption spectrum In a few 

experiments the matenal was still not qmte pure and it was 
then subhmed at 0 001 mm pressure at a bath temperature 
of 150-155° The oxidation and separation were earned out 
with 60 mg of mesoporphynn methyl eater and the 3uelds of 
the two umdes were only shghtly lower In several cxpen 

11 2 
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ments it was desired to measure the CrOj consumption, this 
was done by removmg samples from the oxidation mixture, 
at mtervals, and titrating the CrOj lodometncaUy 

The results of the venous estimations may be 
descnbed as follows at 0° oxidation was very slow, 
partly at least owmg to the insolubihty of the por- 
phyrm The oxidation appeared to be complete at 
18—20° witlnn 6 hr , after that tune there was no 
further evolution of carbon dioxide or uptahe of 
oxygen The mesoporphyrm disappeared during the 
first 2 hr , as shown by spectroscopic exammation 
However, figures for carbon dioxide evolution or 
chromic anhydnde consumption never reached the 
values required by equation (1) In several expen 
ments it was found that between 68 and 76 % of the 
theoretical amount of carbon dioxide was produced 
m the first 1 6 hr , and after 6 hr the values were from 
82 to 86% The oxygen uptake showed a s imilar 
course, about 86 % bemg observed after 6 hr The 
oxidation of methanol was ex amin ed by foUowmg 
carbon dioxide evolution and chromic anhydnde con- 
sumption, and was found to be sumlar to that of 
mesoporphyrm ester The 6 hr values were shghtly 
higher and vaned between 86 and 94% of the 
theoretical The two urndes could never be obtamed 
m a yield higher than 66%, and the mechamcal 
losses as judged from recovery experiments are not 
likely to exceed 6 % Moreover, it was found that 
12-16% of the total mtrogen was present m the 
first aqueous fraetion, not extractable by ethyl 
acetate This mtrogen appeared as ammoma on rmld 
treatment with nlkah and must therefore be present 
either as ammoma or as a very labile amide This 
observation, and the reported presence of volatile 
acids, maleic acid anhydrides and of oxahc and 
succmic acids m the oxidation products of porphyrins 
(Kuster, 1922, Fischer & Wenderoth, 1939), leads to 
the conclusion that either the mtermediate m the 
oxidation is more sensitive to oxidative or hydrolytic 
attack than the mudes, or that there is a side reaction 
not leading through tlie maleic acid imides This 
oxidative reaction cannot account for more than 
16% of the mesoporphynns, as judged from the 
amount of ammoma produced 

However, if this more complete oxidation were 
the only side reaction, it would be expected that the 
values for oxygen consumption and carbon dioxide 
evolution should be higher than those predicted by 
equation (1) In fact, the figures were lower by 
14^18% than those calculated Smce the meso 
porphyrm has disappeared at the end of the oxida- 
tion it would foUow that another reaction must 
occur, givmg products, possibly dipynyl derivatives, 
which are relatively resistant to further oxidation by 
chromic anhydnde This would also explam the 
presence of matenal givmg an mtense absorption at 
300 m/i m the haematimc acid fraction It was also 
observed that the mtrogen content of this Iraction 
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was much higher than could be accounted for by the 
haematimc acid imide It can thus be concluded 
that 63-70% of tlie oxidation products of meso 
porph3irm consist of methylethyhnaleic acid umde 
and haematimc acid irmde, the rest bemg accounted 
for by more complex substances of unknown 
structure , and secondly, by more completely 
oxidized substances ansmg from a side reaction 

These results have an important beanng on 
degradation experiments m tracer studies of por- 
phyrins, both m this mvestigation and m other 
studies under way The porphyrm structure con 
tarns two pyrrolemne, one pyrrol and one maleic 
acid imide nucleus The three structures may be 
expected to give rise on oxidation with chromic 
anhydnde to varying amounts of maleic acid hmde 
denvatives, and if bond fixation were to occur 
(cf Fischer & Orth, 1937) it would not be permissible 
to assume that methylethyhnaleic acid imide was 
derived to an equal extent from nngs I and H, and 
haematimc acid imide from rmgs IH and W In 
neutral solution tautomensm is possible smce only 
two of the four mtrogen atoms carry hydrogens 
However, oxidation takes place m strongly acid 
solution, m which the mesoporphyrm is presumably 
present as bivalent cation In such a structure 
tautomensm is impossible (see Corwm, 1943) and we 
may suppose that complete resonance occurs We 
assume that aU three structures m^e similar contri- 
butions to the four nuclei, and that the two unidea 
are denved to an equal extent from nngs I and II 
or in or IV respectively In any case, the fact that 
the two urndes could be isolated m yields well above 
60% mdicates clearly that each of the two com- 
pounds cannot be denved from one nucleus only 

Another, less theoretical, pomt concerns the source 
of the carbon dioxide evolved durmg the oxidation 
The major part must arise, as required by equation 
(1), from the foiu methyne and the two methanol 
carbon atoms However, the side reaction wluoh 
produces ammoma and volatile acids wiU presumably 
yield some carbon dioxide from the pyrrohc nuclei 
m addition to that denved from methyne carbon 
atoms From the amount of ammoma present m the 
aqueous phase it can be estimated that this reaction 
cannot account for more than 16 % of the mesopor- 
phyrm oxidized From this calculation it follows 
that about 10 % of the carbon dioxide evolved may 
arise from carbon atoms other than the methyne and 
methanol carbon atoms On this basis approxi- 
mately 60 % of the carbon dioxide evolved may be 
ascnbed to the methyne carbon atoms, 30 % to the 
methanol, and 10 % to unknown sources 

Biological experiments 

Preparation of leotoptc compounds Glycme oontaming 
31 69 atom % excess was prepared from phthalimide and 
ethyl obJoroacetate (Sohoenheimer H Hatiier, 1939), and 
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ethanolamine hydrochlonde with 31 66 atom % excess 
as deecnbed by Bloch Sohoenheimer (1941) 

Administration of compounds and care of animals Male and 
female Hollingsworth half lopped rabbits (1 6-1 8 kg body 
weight), and rate of the black and white Institute strains, 
(280-320 g body weight) were used The rabbits were fed 
the ordinary stock diet, whilst the rats, from 6 days before 
the administration of the isotopic compounds, were given a 
semi synthetic diet with a protem content of 6 % Two days 
after the feeding of the labelled substances had finished, the 
rats were put back on the stock diet containing 18 % protem 
The anim als were kept m metabolism cages of the usual 
design The isotopic compounds were fed on 6 successive days 
in equal doses to animals which had been fasting for about 
18 hr The glycme and ethanolamine hydrochlonde were 
dissolved m water to give a 6% solution which was used to 
moisten a weighed quantity of the diy, pelleted food, 
representmg about 40% of the normal daily ration The 
animals usuaUy consumed the food withm 2-3 hr and any 
scattered pellets were collected and weighed. The correction 
for this loss was negligible m almost all expenments Each 
of 6 rabbits consumed altogether 0 6 mmol glycme/100 g 
body weight Eour rata were each given 0 8 mmol ethanol 
amme/rat, whilst three rata received glycine, the dose 
amountmg to 0 6 mmol /rat The animals were killed on the 
nt or seventeenth day after the last administration of 
the isotopic compound 

ofmesoporphynn The rabbits were anaesthetized 
with ether, and blood collected from the aorta In several 


wu i. "“‘vj^riuseainrongnttievenaoavB 

hepamuzed blood was 
and 

taemm was isolated by 
plnpio? * ® solution slowly, at 05", to 6 vol 

temnemtiirB to coolvery slowly to room 

eS acid, water, 

containing 10 ^ (w/^aXr“ dissolved m methanol 
bemir used form u “‘^lydrous oxoho acid, about 10 ml 
that of 

was rccrystalhzed ifthe methyl ester 

In later emenm ’t Zi? ^*“8 pomt was lower than 220° 
I *“«**^°d of Gnnstein was used from 

was done mther by t^X^e^ to mesoporphyrm ester 
(1913), or bv a ^ Grmstein & Watson 

workers, it was 4 .\. ^ ^ . agreement with other 

PdorPtcatalj-sts notednrt ’^*'*^''®“®^P™P®rationsof 
However, a catalyst of °™®®°Pnrpliyrm took place 

RampinoiIKord(194Hw ■ type described by 

bv the latter methoi wX Reduction 

the HI method X dont^a^ ^8^'“ J^^^ds than 

^neth^lmethXX,a,I of polymerized 

>n anhvdrous fonmo acid dissolved 

CuSO, distilled ,n rat„„ ’^fd been dried over 

solution (0 25 ml ). contain, n“^ ^tallized at 0° PdQ, 

H,wn8passcdlnfor3-4min ^ Pd, was then added 


of H, was passed through When reduction was complete, as 
judged spectroscopically, the solution was poured mto ether 
The methyl methacrylate, which precipitated, was separated 
by decantation and repeatedly extracted with ether The 
combmed ether solutions were extracted with n HCl and the 
latter with CHClj The CHCl, solution was washed with 
water, dried, and concentrated tn vacuo The mesoporphyrm 
ester, which was crystallized from CHClj methanol, was 
usually obtamed m a yield of 70 %, and had m p 212-214° 
The oxidation to the maleio acid derivatives was earned out 
as desenbed above 

In the expenments with rats no degradation was earned 
out, haemm was isolated as desenbed above, and reciystal 
lized by dissolving m pyndme CHClj and precipitatmg with 
hot glacial acetic acid containing NaCL The isotope ratio was 
estimated with the mass spectrometer 


RESULTS AND DISCUSSION 

Table 1 shows that the ^“N contents of the methyl- 
ethyhnaleic acid unide and of the haematmic acid 
imide fractions are almost identical in all six expen 
ments With only one rabbit (no 1) is the difference 

Table 1 contents of meihylethylmaleic acid imtde 
and of haematmic aoid imtde obtained from the 
haemoglobin of rabbits fed isotopic glycme 

(Glycme contamed 31 69 atom % excess ^“N ) 

Atom % excess 


Rabbit 

no 

Sex 

In acidic 
fraction 

In non acidic 
fraction 

Difference 

1 

M 

0 108 

0120 

0 012 

2 

F 

0 186 

0190 

0-004 

3 

M 

0 086 

0 092 

0 006 

4 

M 

0 122 

0117 

0 006 

6 

F 

0166 

0 160 

0 006 

6 

M. 

0142 

0139 

0 003 


outside the limi ts of experimental error, but it is 
doubtful whether tins isolated observation is 
significant We may, therefore, conclude that the 
labelled mtrogen enters at a similar rate mto the 
acidic and non acidic nuclei of the haemm group 
Haemoglobm contains four haemm groups and each 
haemm has four pyrrohe nuclei However, the 
expenments report^ here do not conclusively prove 
that all sixteen pyrrohe nuclei m a haemoglobm 
molecule contam similar amoimts of In the 
Experimental section of this paper arguments were 
adduced to show that the two mudes are denved to 
an equal extent from nngs I and H, and HI and IV , 
respectively Even if this is accepted, however, it is 
still possible that, saj , rmgs I and HI contam all the 
excess ^''N, whilst rmgs H and IV contam none Tina 
possibihty, although it may appear remote, cannot 
be excluded on the basis of the data reported here 
Howe\ er, unpublished results show that, takmg mto 
account the rate of formation of haemoglobm and 
the ^“N content of the glycme pool, the isotope 
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content m haemin is the highest theoretically pos- 
sible We may, therefore, accept the conclusion that 
all four pyrrohc nuclei of any one haemm group and 
all four haemin groups of the haemoglobm molecule 
have identical or closely similar isotope ratios From 
this it follows that the four rmgs either arise from 
a common pyrrohc precursor, which is modified 
afterwards, or that the four rmgs are synthesized 
mdependently at similar or identical rates from 
glycme or a substance derived exclusively from 
glycme 

The experiments with rats are shown m Table 2 
The contents of the haemm after feedmg a rather 
small amount of isotopic glycme are of the expected 

Table 2 contents of haemin of rats which had 
received isotopic glycine or elhanolamine 

(Glycme and ethanolamme each had 
31 69 atom % excess ‘“N ) 


Rat][no 

Sex 

Substance fed 

Atom % excess 
of haemm 

1 

M 

Ethanolamme 

0 006 

2 

F 

Ethanolamme 

0 022 

3 

M. 

Ethanolamme 

0 016 

4 

F 

Ethanolamme 

0 018 

6 

M 

Glycme 

0 102 

6 

F 

Glycme 

0 105 


order of magnitude With ethanolamme, which was 
fed at a shghtly higher molar concentration, only a 
mnnll amoimt of mcorporation of is observed It 
IB clear that ethanolamme cannot be an mtermediate 
between glycme and protoporphyrm The small 


1949 

amount of present m these experiments may be 
due to the fact that ethanolamme can be converted, 
probably largely through chohne and betame, to 
glycme (Stetten, 1941) 

SUjMMARY 

1 A synthesis of methylethylmaleic acid imide 
and of haematmic acid mude, two oxidation products 
of mesoporphyrm, is described The ultraviolet 
absorption spectra m water and the dissociation 
constants of these and related compoimds have been 
detenruned 

2 The oxidation of mesoporphyrm by chromic 
anhydride was mvestigated, and conditions were 
established which permit the isolation of the two 
maleic acid imides on a micro scale This method 
was apphed to the degradation of mesoporphyrm 
obtamed from rabbits fed glycme conta inin g an 
excess of The results show that the acidic and 
non acidic pyrrole nuclei m haemm have the same 
or closely s imil ar isotope ratios 

3 Ethanolamme conta inin g an excess of was 
fed to rats The haemm obtamed had a much lower 
•‘N content than that of control anima ls which had 
received a shghtly smaller amount of labelled glycme 
It IS concluded that the mtrogen of ethanolamme is 
not used to any marked extent m the synthesis of 
protoporphyrm 

The authors wish to thank Dr R Bentley, Miss M. G 
French and Mr G Dic kins on for mass spectrometno analyses 
and Dr W J Elford and Dr G PopjAL for help m some 
expemnents 
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Factors Affecting Synthesis of Ascorbic Acid m Cress Seedlings 

2 ASCORBIC AGED SYNTHESIS IN RELATION TO SUGAR FORMATION 
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Low Temperature Research Station and Department of Scientific and Industrial Research, 
Dunn Nutritional Laboratory, University of Cambridge and Medical Research Council 


{Received 21 February 1949) 


In a previous paper (Mapson & Cruickshank, 1947) it 
was shown that certain salts stimulated the synthesis 
of ascorbic acid m cress seedlings and mcreased the 
pH of the cell sap, whereas other salts had the 
reverse action It weis concluded from this that the 
deciding factor was the amount of base made 
available to the plant after metabolism of the salt 

Ray (1934)found that certamsugarsincreased the 
production of ascorbic acid when supphed to the 
excised pea embryo He calculated his results on the 
basis of concentration, but, as growth was affected 
by the various treatments, we have recalculated 
them as the amount produced by a given number of 
seedhngs 0fallthe8ubstance8testedbyhiin,hexo86 
sugars alone produced a significant mcrease m 
ascorbic acid Of these fructose was the most 
effective, followed m descendmg order by mannose, 
glucose and galactose He suggested, therefore, that 
the hexose sugars served as precursors of ascorbic 
acid 

In view of Ray’s (1934) results it seemed desirable 
to ascertam whether the treatments described m our 
earher paper (Mapson & Crmokshank, 1947) had 
affected the synthesis of ascorbic acid by reason of 
their effect on the formation of hexose sugars We 
therefore followed the formation of hexoses and 
acerbic acid m seedhngs gennmated m the presence 
of \anoua salts The salts chosen fell mto three 
^oups, VIZ those which had been shown (o) to 
decrease the sjmthesis, (6) to mcrease the synthesis, 
nnd (c) to have httle effect 


METHODS 

Conditions of germination 

■He seeds were gennmated under the conditions descnbec 
l^earher paper (Mapson A, Crmokshank, 1047) In 1 

ndd^ “ nitrogenous salt w 

dded, it was found essentml to add HgCL (1/20 000) to ; 

actiui ^ I'ett or ph^^^i^thi 

terms of the amounts of the mdividual consfftue 


produced by 100 ecedlmgs, this havmg been found to be a 
more satisfactory basis for comparison than concentration 


Estimation of sugars 


When sugars were added to the medium m which the seeds 
were grown, all samples of seedhngs taken for sugar analysis 
were washed m several changes of distilled water to remove 
any adhering sugar Sugars were extracted from the seedlmg 
with boihng 80% ethanol, the ethanol removed under 
reduced pressure and the residual hqmd cleared by treatment 
with neutral Pb acetate, excess of Pb was removed by 


oxalate 

Total reducing sugars The total rednemg sugars were 
estimated m accordance with the method of Somogyi (1037) 
as modified by Hanes and described by HockenhuU 
Herbert (1946) The reduomg power has been expressed m 
eqmvalents of glucose 

Non-fermeniable sugars The non fermentable reduomg 
sugars and other non fermentable reduomg substances were 
estimated after removal of the fermentable sugars by yeast, 
as follows 10 g ofbakers yeast ground with 100 ml of water 
were allowed to stand 1 hr at room temperature The 
solution was centrifuged and the residue washed with a 
further 100 ml of water and recentnfuged. The washed yeast 
was taken up m 100 mb of phosphate buffer (0 06 m, pH 6 0) 
To 10 ml of the sugar solution, 6 mb of the yeast suspension 
were added. The combmed solutions were meubated for 3 hr 
at 37°, cooled and filtered through a fine paper and a 
measured volume taken for estimation of rednemg titre 

Hexose sugars Partition chromatography showed that 
the only hexose sugars present were glucose and fimetose 
(Jermyn & Isherwood, 1949) These were calculated as bemg 
eqmvalent to the total reduemg sugars mmus the non 
fermentable fraction (T R S — N J?’ ) 

Sucrose. Suoroso was estimated by detenmnmg the in 
crease in reducing titre after hydrolysis by mvertase. In tho 
following Figures and Tables the value for sucrose is expressed 
in terms of its glucose equivalent 

Fructose. Fructose was estimated directly by theresoromol 
method proposed by Roe (1934) and modified by Cole (1942, 
unpublished) 

‘ Olucose’ The glucose content has been calculated as bemg 
equivalent to the hexose sugars mmus fructose 


Ascorbic acid 

Ascorbic acid was estimated by titration against 2 6^h 
ohlorophenohndophenob as m our previous mvestigations 
(Mapson & Crmokshank, 1947) 
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Fat (ether extract) 

The Beedhngs were thoroughly ground up with quartz, 
dried with NajSO^ and extracted with ethyl ether for 0 hr 
The ether was evaporated and the residue taken up in light 
petroleum Na^SOi was agam added to elmunate traces of 
water, the solution was filtered, and the hght petroleum 
removed under reduced pressure ^oid values and lodme 
values were determmed on the ether eictract, the latter by 
Wijs’s method. 

pH of cell sap 

The same techmque was used as described by Mapson 4, 
Crmokshank (1947) 

RESULTS 

The food reserves of the cress seed 

The cress (Lepadum sativum) belongs to the 
Cruciferae Its seeds contain about 26 % of fat as 
their mam food reserve A small amount of sucrose is 
also present, but there is no starch or hexose sugar 
Expressed on the basis of 100 seeds, the fat and 
carbohydrate reserves were as follows 



(mg) 

Fat 

65-60 

Sucrose 

10 

Non fermentable sugars, etc 

66 


Changes in seeds germinated in water 

YTien cress seeds were gemunated m the dark m 
distilled water, the followmg changes were observed 
(Fig 1) There was a rapid fall m sucrose, which 



Fig 1 Ascorbic ncid and sugar content of seedlings germi 
nated m water and (NHjljSO^, ^ — J^, sucrose, ® — ®, 
hexose (T R S -N F ), A — A, non fermentable sugars, 
0 — ascorbic acid 

reached a constant value at approximately 48 hr 
During this period an appreciable amount of ascorbic 
acid w£is synthesized, but httle or no fat had been 
mobilized (see Fig 9) The non-fermentable sugars 



Fig 2 Ascorbic acid and sugar content of cress seedlmgs gemunated m ammonium and other salt solutions, 
^ oaoorbio acid, H H, hexose (T R S — N F ), ^ sucrose 
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Temained at 6 6-7 mg /lOO seedlmgs throughout the maximum amount of hexose sugar and of ascorbic 
experimental period The greatest change was m the acid formed was, respectively, only 36 and 39 % of 
hexoses, winch reached a maximum at approxi- that formed m seedlmgs grown m water 
mately 120 hr of germination The most significant S imil ar experiments were earned out with NH^Cl 
observation was the close correspondence between and NH,OB[ HCl (Fig 2), both of which decrease 
the rise m hexose sugars and the rise m ascorbic acid the formation of ascorbic acid and hexose sugars 



TJme (hr ) 

3 Ascorbic acid and sugar content of cress germinated m sodium and potassium salts, 

0 0> ascorbic acid, H h, hexose (TBS -N F ), sucrose 

m seeds gertninated tn different changes found with NH4CI were essentiallj 

ammonnim salts aunilar to those observed with {NHjliSO^, but with 

A similar NHjOH HQ the correspondence between the rates 

germmntedin^lTOT^^^ earned out with seeds of production of these constituents was less close 

rapidh disan ' HerO) also, sucrose Our onginal experiments had shown that with 

than m the HI slightly less rapid ammomum salts such as the bicarbonate and succi- 

difToroncohasn^ ^ m water, but this nate where both 10ns may be utilized by the plant, 

fermentable been observed The non- the synthesis of ascorbic acid is similar to that m 

chief differcnco^'^ showed no change The seedlmgs grown m distilled water, but greater than 

hoxoses formed a^ tV^ wi'ich smaller amount of m seedlmgs grown m (NHjj.SOj or NHiCl This 
respondingU reduced ^ ^1^ associated with a cor mcreosed sjmthesis of ascorbic acid 13 associated 

smtheais of ascorbic acid The with an increased formation of hexoses (Fig 2) 
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Changes zn seeds germinated %n different 
sodium and potassium salts 

Wlien combined with a ‘utilizable’ amon, Na and 
K salts stimulate the synthesis of ascorbic acid, 
when the amon is non-utdizable, ascorbic acid is 
decreased (Mapson & Crmckshank, 1947) Reference 
to Figs 2 and 3 agam shows that with various Na and 
K salts, the formation of hexoses-is closely related to 
that of ascorbic acid Non utilizable ions such as 
Cl and SO 4 , when combmed with a mm onium, had 
a more depressmg effect on both constituents than 
when combmed with Na or K (cf Figs 1 and 3) 

Changes induced by supplying glucose 

This parallehsm between hexose sugars and 
ascorbic acid supports Ray’s (1934) hypothesis that 
ascorbic acid may be derived from such sugars It 



Time (hr ) 

Fig 4 Ascorbic acid and sugar contents of seeds germinated 
m water and glucose (1%) solution, sucrose, 

+ — + , hexose (T R S -NF), #— #, ascorbic acid, 
© — ®. glucose, A — A, fructose 

was therefore to be expected that mcreasmg the 
latter m the seedlmg would mcrease the synthesis of 
ascorbic acid To test this view cress seedlings were 
germmated m water and m a solution of 1 % (w/v) 
of glucose (Fig 4) During the first 901ir the amount 
of hexose sugars was s imil ar m both cases, which 
mdicated that m the early stages of germmation 
httle or no sugar had been absorbed After this 
period the seedlings supphed with glucose contamed 
considerably more hexose sugar, and also more 
ascorbic acid Fig 4 also shows that part of the 
glucose supphed to the see dlin gs was converted mto 
frructose, smce the latter was proportionately 
mcreased when glucose was supphed It is possible 


that one or other, or both of these sugars may act as 
precursors of ascorbic acid, but the present data do 
not elucidate this pomt 

The results of a similar experiment m which 
glucose was supphed to seedlmgs growing m 
(NB[i) 2 S 04 are illustrated m Fig 6 The addition of 
glucose slightly delayed the hydrolysis of sucrose 
and mcreased considerably the amount of hexose 
sugar, but the nse m ascorbic acid was relatively 
shght The conversion to fructose of the absorbed 
glucose was not impaired under these conditions 
A similar result was observed when NHiCl was 
substituted for (NB[i) 2 S 04 The fact that it was 
possible under these conditions to mcrease the hexose 
content of the seedhngs to a value s imil ar to that m 
seedlmgs grown m water, without at the same time 
appreciably mcreasmg the ascorbic acid, suggested 
that the depressmg effect of (NHj)jSOi or NHiCl 
cannot be due simpJj^ to a red action m the amount oF 
hexose sugars, or to a failure to convert glucose mto 
fructose 



Fig 6 The ascorbic acid and sugar content of cress seedlmgs 
gemunated m presence of (NHjIjSOj and glucose, 

A — A, sucrose, H 1 -, hexose (T B S -NF),0 — 9, 

ascorbic acid, ^ frructose, © — O. glucose 

When glucose was supphed to seedhngs growing m 
solutions of Na salts which favour the synthesis of 
ascorbic acid, e g succmate or pyruvate, the mcrease 
m the hexose sugar was associated with a greater 
mcrease m ascorbic acid The relationship between 
ascorbic acid and hexose formation m these and the 
foregoing experiments is shown more clearly m 

Fig 6A,B Here the ascorbic acid IS plotted against 

the hexose, the curves all pass through the ongm, 
but have gradients which appear to be detennmed 
by the nature of the salt used The salts fall mto three 
distmct groups Na or K salts contammg a utdizable 
amon give curves wnth the steepest gradients 
(group 1 ), water alone or ammomum salts contammg 
a utilizable amon give curves with an mtermediate 
gradient (group 2 ), whilst ammomum salts con- 
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tammg a non utilizable anion give curves m 'whioli 
the gradient is still further reduced (group 3) 

Eurthermore, lyhen seedhngs growing m these 
various salt solutions are supphed with glucose, the 
formation of ascorbic acid is increased by an amount 



Eig 6 The relation between ascorbic acid and hexose for 
mation as affected by different salts A, O. water, 
•, NHjQ (0 04u), X, (NHd^Oi (0 02m), ■, Na^O, 
(0 02m), a, Naa (0 04u), +, NH,HCO, (0 02m), 
ammonium anocmate B, O , water (curve for compan 
son). A, sodium succmate (0 02m), x , KHCOj (0 02m), 
■, KNO, (O 04m), sodium pyruvate (0 04m) Kinged 
syuibols represent values obtamed when n glucose was 
supphed m addition to salt 


which 18 determmedby the gradient of the curve, the 
pomts oorrespondmg falling on the extrapolated 
curve Thus, with salts m group (1) the mcreased 
sjmthesis of ascorbic acid mduced by mcreasing the 
hexose sugar of the seedhng is relatively greater than 
with salts of group (2) and very much greater than 
■With salts of group (3) 

Tlie simplest mterpretation of such data is that 
Mcorbic acid is formed directly from hexose, and 
in , as compared with seedlmgs grown m water, 
this conversion is atunulated by salts of the first 
group, 18 unaffected by salts of the second group and 
impaired by salts of the tlurd 

^wos pointed out m an earher paper (Mapson 
Chnuckshank, 1947) these three classes of salts 
^orentinUy affect the pH of the ceU sap Thus, 
™ ni grown m water, salts m 

n n ^ 'appreciably alter it, whilst those m 
studied m Tliese changes m pH have been 

sl>ow the crni?i“p^r"'^ The data (Fig 7) 
seodlinm: SCB m pH durmg germmation of 

Thrumdient^ ° mentioned abo\ e 

bo4|^ relation 
defined sen hexose sugars form a weU 

m nlucli the steepest are associated 


with high pH and the less steep wuth low pH of the 
cell sap In all experiments there was a drift m the 
pH of the ceU sap to more alkahne values as growdih 
of the seedling mcreased, but this did not appear to 
alter the quantitative relation between ascorbic 
acid and hexose 



Time of germination (hr) Hexose (mg/100 seedlmgs) 


Fig 7 The effect of different salts on the pH of the ceU sap 
and the relation between ascorbic acid and hexose m cress 
seedlmgs temp 20°, ©, NH^Cl (0 04m), x, (NHdjSO^ 
(0 02m), O, water, n, ammomnm succmate (0 02m), 
A, sodium succmate (0 02m), A.> sodium pyruvate 
(O 04m) Emged symbols represent values obtamed when 
D glucose was supphed m addition to the salt 

Sugars other than glucose 

Smce the foregomg evidence supported the view 
that ascorbic acid is formed from hexose sugars, it 
was considered desirable to ascertam whether other 
sugars could similarly be converted mto ascorbic 
acid The effect of supplymg pentoses and hexoses 
other than glucose was therefore mvestigated 
L Arabmose, n xylose and n nbose, m concentra 
tions of 0 6 and 1 % were without effect on ascorbic 
acid, although qmte considerable amounts were 
absorbed by the seedlmg, as shown by the increase 
m the non fermentable sugar fimction Sucrose, n- 
fiuctose and n galactose each mcreased the s3mthesis 
to about the same extent as glucose On the other 
hand, n mannose depressed sjmthesis and also 
adversely affected growth, its influence bemg pro 
portional to the concentration employ ed 

Mannose supphed tn combination with 
other sugars 

Tlie marked inhibition of the sjmthesis of ascorbic 
acid mduced by supplymg n mannose appeared to 
be of sufficient importance to warrant further study , 
and the following experiment was earned out The 
results (see Fig 8) illustrate the effect on the 
sjmthesis of ascorbic acid of supplymg different 
concentrations of glucose m combmation with 0 5 % 
of mannose It will bo seen that the production of 
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ascorbic acid was not affected during the first 60 hr 
Subsequently the inlubitory effect of mannose 
decreased progressively as the concentration of 
glucose mcreased Similar results were obtamed 
when galactose or fiructose was substituted for 
glucose 



Time (hr ) 

Fig 8 Effect of mannose together with glucose, % — %, 
water, A — A.> mannose (0 6%) + glucose (1%), + — +, 
maimose (0 6%)+glnooae (0 6%), O — O, mannose 
(0 6%)+ glucose (0 26 %) , A — A , mannose (0 6 %) 

Changes in fat during germination 
The poor development ofhe-sose sugars m seedlings 
germinated m solution of salts like (NHi)jS04 
prompted us to mvestigate whether such salts 
affected the production of these sugars by reason of 
their influence on the mobilization of the reserves of 
fat of the seedling The data obtamed, although 
throwmg no further hght on the mam problem with 
which thus paper is concerned, were nevertheless of 
sufficient mterest to be mcluded here 

Reference to Fig 1 shows that hevose sugars are 
formed m the seedhng durmg ger m i n ation m 
amounts e+ceedmg those which could be produced 
from the sucrose present m the seed Smce under the 
conditions of these experiments photosjmthesis was 
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precluded, such sugars must be derived mainly from 
the reserves of fat which the seed contains The 
clianges m the amount of fat present m seedlmga 
grown in water and m (NE4)gS04 are showm in 
Pig 9 During the first 48 lir there was httle or no 
reduction m the amount of fat, but, as growth pro 
ceeded, it steadily decreased The rate of mobihza 
tion was more rapid m seedlmgs growm m water than 
m those grown m (NH4)jS04, the fat content at the 
end of 168 lir faUmg fiem 67 mg to 20 and 30 mg 
respectn ely On the assumption that the average 



Time (hr ) 

Fig 9 Changes m fat content ofseedlmgadunnggenmnation, 
□, dry seed, O — O, seeds germmated m (NH 4 ),S 04 
(0 02m) , 9 — 9 , seeds germmated m water, seeds 

germmated m KNO, (0 02 m) 

number of carbon atoms m the tnglycendes is 20, 
and that these can be quantitatively converted to 
hexose, 10 mg of fat (i e the maximum obsenred 
difference) could lead to the production of approxi 
mately 20 mg of hexose sugar, which is much 
greater than the difference observed between the 
amount of hexose formed m seedlmgs grown m water 
and m (NH4).S04 In those instances m which rather 
more hexose sugar was formed, e g m seedlmgs 
grown in KNOj or m water, there was some evidence 
that fat was mobilized rather more rapidly 

These results suggest that the decrease of hexose 
sugars m seedlmgs grown m (NH4)jS04 is partly, 
though not necessarily wholly, due to a reduced 
mobilization of fat 

Acid value of fat The acid value of the fat m the 
ungerminated seed was low, but as genmnation 
proceeded it mcreased considerably m the fat of 
seedlmgs grown m water and m all the solutions so 
far tested (Table 1) In those instances where the 
mobihzation of fat was rather more rapid than m 
seedlmgs grown m water, e g when BZNO3 and sodium 
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Bucomate were supplied, the acid values were shghtly 
higher On the other hand, where the mohdization 
of fat was retarded, as when (NH^jjSO* was used, 
the acid values were shghtly lower than when the 
seedlings were grown in water 
Iodine value of fat The iodine values of the fat of 
seedhngs grown m water, (NH4),S04 and CH3COOK, 
eire also shown m Table 1 It will be seen that, 
although the lodme value of the fat at 48 hr had 
dropped shghtly as compared with that m the un- 
germmated seed, there was no evidence of any 
significant rise or fall durmg the later stages of 


of their influence on the hexoses or ascorbic acid, 
because sodium succmate, for example, does not 
mcrease the former, and though it mcreases the 
latter, this can be done also by other means, e g by 
Bupplymg ascorbic acid m combmation with 
(NHjljSOi, without £iny resultant modification of 
the form of the hypocotyls 

When mannose was supphed, growth was very 
poor, and, as m the case of seedlings grown m 
(NH4 )jS 04, the hypocotyl was bent Wachtel (1943), 
also usmg cress (cardamme) seedlings, has found that 
mannose inhibited growth 


Table 1 Actd and iodine values of the fats of cress seedlings 


Add values Fat of iingenmnated seed, 1 6 

, , Iodine values Fat of ungenninated 

Esp 1 treatment Eip 2 treatment Exp 3 treatment seed, 140 



1 

* ^ 

/ 

^ 

t 



Exp 4 treatm 

eat 

Duration 






Sodium 

/ 

A 

\ 

of exp 


(NHjljSOj 


KNO4 


succmate 


(NH4)jS04 

CHjCOOK 

(hr) 

Water 

(0 02 it) 

Water 

(0 02 M) 

Water 

(0 02 M) 

Water 

(0 02 M) 

(0 02 M) 

48 

69 

44 

11 7 

10 3 

67 

60 

129 1 

131 9 

132 3 

72 

88 

62 

— 

— 

84 

11 1 

130 9 

128 8 

124 2 

96 

14 6 

13 1 

22 2 

22 3 

117 

14 3 

130 0 

129 1 

129 7 

120 

20 7 

14 0 

— 



17 0 

19 2 

126 7 

128 9 

126 2 

144 

26 9 

19 5 

36 7 

46 0 



39 2 

128 9 

— 

118 7 

168 

60 2 

32 2 

39 1 

63 4 

47 0 

65 0 

127 0 

133 9 

— 


growth This is m contrast to the findmgs of Ivanow 
(1912), who observed that m poppy seedhngs 8 days 
old the lodme value of the fat wm 71 6, as compared 
wth 140 2 m the fat of the ungerrmnated seedhng 
He also obtamed similar results with hnseed This 
rapid fall in iodine value was attributed to the 
relatively rapid disappearance of the more highly 
unsaturated fatty acids Miller (1912), m expien- 
ments on the sunflower, found that the lodme value 
of the fat of the hypocotyls and roots fell very 
considerably from the fourth to the fourteenth day 
of growth (firom 117 7 to 48 3), whereas the iodine 
' alue of the fat from the cotyledons showed much 
loss reduction durmg this period (from 126 6 to 
111 7) The results of these two workers suggest that 
f 10 unsaturated acids were preferentially utilized 
or conversion mto hexose, but there was no clear 
01 idence of this m our experiments 

Influence of the nutrient medium on the form of 
growth of cress seedlings 

Salts which depressed the sjmthesis of ascorbic 
o g (NHj)jS 04, NH4CI, NH.OH HCl, also 
uenced the form of growth (PI 1) Seedhngs 
pQivn in water had erect and rather elongated 
''■pocotvls, whereas m those grown m (NHjljSO^ the 
ipocotyls were bent, with a hooked appearance 
>en the sodium salts of siiccmic, pyruvic or acetic 
were supphed in addition to (hTH4).S04, the 
of growtli much more closely resembled that of 
mgs grown m water Tlie reason for this is not 
car Evidently the salts do not operate by reason 


DISCUSSION 

Our results show that a close correlation exists 
between ascorbic acid and hexose sugars m the 
seedhng, irrespective of whether it is germmated m 
water or m salt solutions which mcrease or decrease 
thesynthesisofthe vitamm Thesimplestassumption 
18 that hexose is converted to ascorbic acid, and the 
gradients of the curves expressing the relation 
between these constituents suggest that the con- 
version may be mfluenced by the nature of the salt 
present On this hypothesis, Na or K. salts con- 
tammg a readily utilizable amon (e g HCOj , 
pyruvate, succmate, etc ) favour the synthesis of 
ascorbic acid because they mcrease the conversion 
of hexose to ascorbic acid Ckinversely the reduced 
synthesis of ascorbic acid m the presence of am- 
momum salts contammg a utihzable amon, and the 
stiU poorer synthesis with ammomum salts con- 
tauung a non utilizable amon (e g SO4 or Cl )mav' 
be explamed as bemg due to a decrease m the 
efficiency of conversion of hexose to ascorbic acid 
This mterpretation of the experimental data is 
supported by the fact that when glucose is supplied 
to seedhngs growmg m any one salt solution, the 
mcrease m the ascorbic acid synthesized is quantita 
ti\ ely what would be expected bj extrapolation of 
the eurv e relatmg ascorbic acid to hexose formation 
for that particular salt Thus glucose supphed to the 
seedlmg behav es m the same wav as hexoses denv ed 
from the seed reserv es m relation to the formation of 
ascorbic acid 
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The reason why these various salts should affect 
the conversion of hexose to ascorbic acid has still to 
be found It is significant, however, that a correla- 
tion exists between the effect these salts have on the 
hexose/ascorbic acid relationship and their effect on 
the pH of the cell sap Tlius salts wluch induce a more 
alkahne pH of the ceU sap favour the conversion of 
hexose to ascorbic acid and salts which depress the 
pH decrease the conversion So far we have en 
countered no exception to this rule 

In this discussion we have assumed that the 
changes m ascorbic acid observed with the different 
treatments are due prmcipally to an alteration m the 
sjmthetic activity of the seedlmg It is possible, 
however, that other factors are operatmg Tlie 
concentration of ascorbic acid m the cell at any time 
may well be conditioned tnter alia by two factors 
(1) the rate of synthesis of ascorbic acid fi’om a 
precursor such as hexose sugars, and (2) the rate of 
oxidation of ascorbic to dehydroascorbic acid The 
small amount of ascorbic acid produced by seedhngs 
growing m (NH 4 )jS 04 could therefore be the result of 
either a defective synthetic mechanism or of an 
mcrease m the rate of oxidation to dehydroascorbic 
acid brought about by a general rise m the oxidation 
potential of the system The further possibihty that 
both factors may be operative cannot be excluded 
Similarly, the large amounts of ascorbic acid found 
m the presence of certam K or Na salts may well be 
due to a reversal of these effects It is hoped to 
present evidence on tlus subject m a further 
commumcation 

It IS of mterest that the synthesis of ascorbic acid 
was greatly reduced when d m ann ose was supphed 
This IS m contrast to the observations of Tadokoro 
& Nisida (1940), who found that the ascorbic acid 
content of maize and soya bean grown m a nutrient 
solution was mcreased by the addition of mannose 
We have already referred to the work of Ray (1934), 
whose results agree with those of Tadokoro It 
should be noted that these two workers were usmg 
plants belongmg to the Graimneae and Legumi 
nosae, while we used a cruciferous plant 

The inhibitory effect of D mannose on the synthesis 
of ascorbic acid was diminished by the presence of 
D glucose, D galactose and n fiaictose, sugars which, 
when supphed alone, favoured the synthesis of 
ascorbic acid It is possible, therefore, that we have 
here an instance of inhibition of the competitive 
rather than the non competitive t 5 rpe, that is, the 
glucose and mannose are m competition for the 
surface of some enzyme associated with the synthesis 
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of ascorbic acid If this is so, then the contrast 
between the effect of D glucose and n galactose and 
that of D mannose suggests that the stereochemical 
configuration of C-3 m sugars is important m deter 
minmg whether these can be converted mto ascorbic 
acid 

sraniARY 

1 In cress seedlmgs gerrmnated m the presence of 
various salt solutions m the dark, a close correlation 
was generally found between the amount of ascorbic 
acid and hexose sugars synthesized 

2 Salts, particularly those of ammoni um , which 
con tamed an anion not readily utilized, reduced both 
these constituents Sodium and potassium salts 
containing an amon readily utilized (e g bicarbonate 
pyruvate, succmate) mcreased the ascorbic acid but 
not the hexoses 

3 Solutions of D glucose, d galactose and d 
fimctose alone or combmed with various salt 
solutions mcreased the hexose sugars Ascorbic acid 
was also mcreased, to an extent determmed by the 
effect produced on the hexose/ascorbic acid relation- 
ship by the mdividual salts There was no evidence 
that the hexose supphed behaves differently fi:om 
that derived from the seed reserves 

4 It is suggested that hexose is converted mto 
ascorbic acid and that the efBoiency of the conversion 
is influenced by the nature of the salt present, 
possibly through its effect on the pH of the ceU sap 
Saits which raise the pH mcrease, and those which 
lower it decrease, tlie efficiency of conversion 

6 The rate of mobilization of fat was slower m 
seedhngs grown m ammomum sulphate than m 
those grown m water, and may partly account for 
the lowered formation of sugars m the former 

6 In contrast to the other hexose sugars, 
D-mannose depressed the synthesis of ascorbic acid, 
but its action could be diminished by supplymg m 
addition d glucose, d fructose or d - galactose 

7 The form of growth of the seedlings was 
modified m the presence of ammomum sulphate 
or ammomum chloride, but became more nearly 
normal when such salts were supphed with a sodium 
or potassium salt containing a utilizable amon 

We wish to express our thanks to Drs J Barker and L J 
Hams for their ontioism and advice, and to acknowledge 
the technical assistance of Miss N L Gass The work de 
scribed m this paper was earned out as part of a programme 
of the Food Investigation Organization of the Department 
of Scientific and Industrial Research by arrangement with 
the Medical Research Council 
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Studies on Metabolic Products of the Pemctlhum luteum Senes 
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Considerable attention has been devoted to the 
polysaccharide metabolic products of PeniciUium 
luteum Zukal Raistnok & Rmtoul (1931) isolated 
the mucUagmous polyaacohande, luteio acid, whicbi 
■was sho-wn to be a malonylpolygluoose Alkaline or 
radd acidic hydrolysis of luteic acid yielded the acid 
free polysacohande, luteose, -which -was constituted 
mainly of glucose units linked through the 1 0 
positions (Anderson, Haworth, Raistnok & Stacey, 
1939) Luteio acid was elaborated by P luteumvrhen 
grown on a number of different hexoses, pentoses or 
glycerol as sole source of carbon (Birkinshaw & 
Raistnck, 1933) Later, Anderson & Raistnck 
(1936) showed that although luteio acid -was the mam 
metaboho product of P luteum Zukal, other laevoro 
tatory polysacchandes, budt up of mannose, gaJac 
toso and fructose umts, were produced in proportions 
\ arymg -with the age of the culture Anderson ef al 
(1039) isolated a laevorotatory polyaacohande which 
gn\ 0 D galactose and D mannose on hydrolysis and 
for winch the name galuteose was proposed 
The present work is concerned ■with the isolation 
of two hitherto undesenbed polysaccliandes, the 
properties and component sugar residues of which 
hai obeen ini csti gated A study of the sedimentation 
of the two now pol-vsacchandes m the ultracentnfugo 
IS presented m the followmg paper (Ogston, 1949) 

EXPERDIENTAL 

Strains of Pemcillium luteum 

Sit Ptrams of P luteum ivero used, they are distinguished 
b\ their laboratorv catalogue numbers The strains were 
broadl V similar m their cultural charactenstics and morpho 
loticil appcaranco and dearlv belong to the P luteum senes 
i-traina b C 39 4G 61 and 52 agreed closely with Thom’s 


(1030) desonption of P luteum Sopp and E 231 -was a o^dial 
non asoospono form closely corresponding to ti 
Zukal Strains E 6, 39, 46, 61 and 52 give broadly spmadmg 
floocose oolomes on Czapek Box agar which were ^ow at 
the margm and slowly developed greyish green corneal ar^ 
m the centre The reverse was orange to red m colour un 
beer -wort agar, broadly spreading thick floocose felts 
developed -with zonate bands of y^ow, pmk and green 
oonfdial areas, the reverse was orange to red. On nutnent 
gelatm medium, broadly spreading mainly white floccoso, 
buoUed colonies developed with some pmk zones and gwn 
comdial areas The gelatm was hquefled and became red m 
colour These strainB were isolated m the laboratoiy, F 
from mouldy cake, E 40 from a solution of carboxj 

methylceUulose and F 61 and 62 from an “dus^cetone 
recovery tower Stram F231 was purchased 
Nation^ CoUeotion m Januaiy 1947 as P 
NCTC 686 On Czapek Box agar it formed broadlv 
spreading mainly white floccose colomes with ma^al green 
oonidial zones, the reverse was colourless Similar colomes 
were formed on nutnent gelatin medium, wluoh was bquefi^ 
and remamed colourless In all the above strams the steng 
mate were aeummate. 10-11x2 6 p and comdia ovoid 
about 2 6 X 3 5 p 

Cultural methods 

The oultuies were grown m glass culture vessek (‘GlaTO 
bottles)eachcontemmg360mlofCza^LBoTm^um^^tb 
foUowmgcomposition el“«>se'd0e A 

1 0 g rkci 0 6 g MgSO, 7H,0. 0 6 g EeSO. .H O, 
OOl g diBtdled water 11 After stenlization by a^ 
olavi^g each vessel was sown with a spore suspension from 
7.day old beer wort agar slopes Tke cult^s were incubated 
at 26 ° m darkness, and usnaUy harvest^ , e ^c^^ 

was virtuaUy completely exhausted Imtial and final gluMM 
concentrations were detemimed m samples of the culture 
flltrates by the Felilmg.SoThlet method in which cu^«s 
o^e ivas"^ detemimed lodometncallv b> the -etbi^ of 
Shaffer & Hartmann (1921) Carbon WM deten^ed b> the 

wet combustion method of Houghton (104 j) ^ olatde neutral 
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compounds, volatile acids and non volatile acids ivere deter 
mmed by methods based on those of Birkmehaw & Baistnck 
(1931) Data based on smgle flask cultures of the six strains 
are summarized m Table 1 , and show that from 1 1 to 64 % of 
the glucose carbon fermented by the various strains was 
converted to soluble metabohc compounds m the filtrates 
All the cultures produced acid durmg growth, but there wag 
no evidence of the formation of significant quantities of 
volatile acids or volatde neutral compounds 


1949 

pH 4 92 and on electrometnc titration (glass electrode) 
25 0 ml 0 1 N NaOH were required to neutralize the filtrate 
to pH 7 0 Under corresponding conditions, luteio acid (6 g ) 
required 22 6 ml N NaOH for neutrahzation (Raistnck & 
Rmtoul, 1931) The filtrate had a reducing value (e.v ) 
corresponding to 6 98 g /I apparent glucose, which was 
eqmvalent to 32 8 % of the crude polysaccharide (38 7 % on 
nn ash free basis) The reducing value before hydrolysis was 
3 3% ns apparent glucose The substance gave no reaction 


Table 1 Prelimtnary analysis of carbon compounds present tn culture filtrates 
of strains of Pemcilbum luteum 


r 



Time of 

pH 



P luteum growth 

, ^ 

X 


Stram F 

(days) 

Imtial Fmal 

Imtial 

6 

12 

6 8 

35 

19 12 

39 

18 

66 

47 

20 20 

46 

25 

70 

29 

18 61 

61 

24 

66 

33 

20 20 

62 

18 

66 

— 

20 20 

231 

92 

68 

36 

18 72 


Carbon (g /L) 


Fmal 

__A 

Fmal 

Volatile 

neutral 

Volatile 
acids 
(ml N 

total 

glucose compounds 

acid/ 1 ) 

8 83 

0 00 

on 

00 

6 02 

0 90 



— 

10 62 

1 24 

0 46 

42 

9 78 

0 80 

0 09 

00 

2 32 

00 

- - - 

■ 

11 10 

8 12 



. - 




Metabohc 


Metabohc 

carbon 

Non volatde 

carbon 

compounds 

acids 

compounds 

(% C fer 

(g Ca solt/l ) (% mitial C) 

mented) 



43 0 

444 

— 

20 4 

214 

20 40 

60 7 

643 



444 

46 3 



116 

115 

— 

16 9 

28 1 


Isolation of polysaccharides 

Prelumnary experiments showed that the culture filtrates 
contained pol 3 r 8 aoohandes, specimens of which were isolated, 
as follows Spores of each of the six strains were seeded mto 
groups of ten Ahisks, containing 350 ml of medium (uutial 
glucose, 49 0 g /I ) At the completion of fermentabon 
(Table 2) the culture filtrates were separated from the 
myoehal felts by filtration through fluted paper The filtrates 
were evaporated in vacuo at low temperature to 0 1 vol and 
the polysaccharides precipitated by addition of 4 vol of 
ethanoL The polysaccharides separated out as heavy syrupy 
precipitates which were desiccated with diflficulty by tntn 
ration with mcreasmg strengths of ethanoL They were finally 
washed with absolute ethanol and ether, and dned in vacuo 
over P 2 OJ The yields and some of the properties of the crude 
products are summarized m Table 2 


with lodme A sample of the crude product (16 0 g ) m water 
(30 ml ) was dialysed m a collodion sac against six changes of 
distdled water for 66 hr The polysacohande was recovered 
by concentration in tucuo to 30 ml and addition of ethanol to 
66 % concentration (w/w) obtamed 4 39 g (29 3%) The low 
recovery on dialysis suggested that the polysaochande may 
have a comparatively low molecular weight and undergo slow 
diffusion The dialysed product had an ash content of 2 2 % 

Tollens’s phloroglnomol test was negative mdioatmg the 
absence of pentose residues The naphthoresorcmol reaction 
for uromo acids was negative A negative result was also 
obtamed with Dische’s (1947) carbazole reaction for uromo 
acids The crude polysaccharide gave a positive reaction with 
the Sehwanoff resoromol reagent, mdioatmg the presence of 
ketose sugars 

The polysaccharides from the other strains m 100 ml 
aqueous solution, adjusted to pH2 with HCl, were freed firom 


Table 2 Isolation and properties of crude polysaccharides from strains of Pemcilbuin luteum 




Culture filtrate 

A. 


Time of 

Fmal 



mcubation 

glucose 


Stram F 

(days) 

(g/ 1 ) 

pH 

6 

21 

1 0 

3 93 

39 

21 

14 

3 11 

46 

21 

1 3 

2 97 

61 

22 

06 

3 02 

62 

22 

1 6 

3 10 

231 

41 

20 

3 88 


Crude polysaochande 


Yield 

Yield (as 
%Of 
mitiol 

Ash 

Mn 

(g) 

glucose) 

(%) 

(°) 

18 10 

10 6 

16 2 

+ 70 

34 43 

201 

13 8 

+ 58 

30 68 

17 9 

117 

+ 86 

41 64 

243 

10 3 

+ 67 

18 64 

10 8 

16 0 

00 

27 77 

16 2 

19 6 

+ 12 9 


Oxidation product 

* ^ 

Yield (as 
%of 

polysao 


Substance and m p chande) 

Muoic acid, 206° 22 8 

Mnao acid, 214° 17 9 

Mucic acid, 209—211° 12 6 

Mucic acid, 216° 11 0 

Mucio acid absent — 

Mucic acid absent — 


The properties of the crude polysaochande from stram F 6 
were exammed m some detail On igmtion the substance 
gave 16 2 % of colourless ash Its specific rotation, [a]^° , was 
+ 7° m water (c, 1) , crude luteio acid has [ 0 % - 26 to — 30° 
A sample of the polysacohande (6 32 g ) was hydrolysed with 
N HjSO4(60ml ) at 100° for 7 6 hr An eqmvalent of saturated 
Ba(OH)j solution was added to the cooled hydrolysate, the 
mixture dilated to 260 mL and filtered The filtrate gave 


ash and low molecular unpunties by dialysis m ooUodion sacs 
against repeated changes of distilled water untd the dialysate 
was neutral (72 hr ) The dialysed polysaochande solutions 
were evaporated m vacuo to about 10 % concentration and 
fractionated by addition ofmcreasmg proportions of ethanol 
Properties of the isolated fractions are summarized m Table 3 
Acid eqmvalents were determmed by titration of 0 02 g of 
polysacohande m 6 ml water with 0 01 n NaOH (COj firee) 
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Table 3 Elhandtc fraciionation of crude polysaccharides from strains of Pomcilhum luteum 




Cone of 





Fniction 

ethanol 

Weight 



Source of polj'sacchandc, etc 

no 

{%. "/w) 

(e) 

Acid eqniv 

(°) 

Stram FO 

(Insol ) 

0 

1 28 





(26 02 g dialysed, recovery , 14 60 g , 67 0 %) 

1 

44 1 

4 09 

4730 

— 


(t 

012 

4 10 

0000 

+ 21 6 


3 

70 3 

2 02 

530 

-181 


4 

70 0 

1-00 

460 

-14 0 


(Sol) 

— 

1 36 

— 

— 

Strom F 39 

1 

60 8 

2 30 

1930 

+ 60 

(39 63 g dialysed, recovery , 4 82 g , 12 2%) 

o 

60 6 

1 78 

2070 

+ 110 


3 

03 0 

0 38 

1240 

- 72 


4 

70 3 

0 17 

890 

— 


6 

70 1 

004 

— 

— 


(Sol) 

— 

0 15 

— 

— 

Stram F 46 

(Insol) 

0 

1 00 

■ 


(38 2 g dialysed, recovery, 11 36 g , 2D 7 %) 

1 

30 3 

090 

— 




O 

48 5 

0 12 

1200 

— 


3 

63 6 

0 35 

1790 

+ 09 


4 

64 8 

0 73 

2380 

+ 14 4 


6 

60 9 

1 00 

2850 

+ 103 


C 

60 8 

0 45 

730 

-13 8 


7 

09 1 

0 98 

1300 

+ 13 


8 

70 0 

285 

030 

-14 8 


0 

70 5 

1 78 

020 

-19 2 


10 

70 0 

0 03 

— 

— 


(Sol) 

— 

0 43 

— 

— 

Stram F 61 

1 

47 0 

4 32 

1440 

- 20 

(35 6 g dialysed, recovery, 6 50 g , 18 4%) 

o 

58 0 

1 01 

1180 

-13 0 


3 

03 4 

0 09 

— 

— 


4 

70 0 

0 05 

— 

— 

Stram F 62 

(41 7 g dialysed, recovery, 16 92 g , 38 2%) 

(Sol) 



0 10 

— 

— 

1 

2 

64 5 

68 0 

8 99 

2 53 

2060 

COO 

+ 17 6 
-12 0 

3 

03 0 

2 60 

440 

-22 6 


4 

70 2 

120 

440 

-22 2 


6 

70 0 

0 21 

440 

-22 3 

Stram F 231 

(16-0 g dialysed, recovery, 1 08 g , 8 8%) 

(Sol) 



0 39 



— 

1 

2 

62 0 

60 0 

0 17 

0 55 

3320 

13000 

+ 21 7 


3 

05 7 

004 

0210 

+ 13 9 


4 

71 8 

012 

6470 

— 


6 

70 0 

0 05 

— 

— 


(Sol) 

— 

016 

— 

— 


Table 4 Properties of polysaccharide fractions {Strain F 6) 


Fraction 

1 

2 

3 

4 



Ash 

(”) 

(%) 

— 

0 66 

+ 216 

0 20 

-181 

00 

-14 0 

0 80 



B V (% apparent glucose) 

Mucic acid 

pHofl% 

- 

A ^ 

on oxidation 

solution 

Before hydrolysis After hydrolysis 

(%) 

4 21 

160 

86 0 

38 3 (m p 210°) 

4 91 

149 

92 8 

— 

3 20 

3 81 

843 

3 3 (m p 210*) 

3-46 

8 73 

79 7 

— 


Sto Specific rotation dat 

from rtram P ^ In the cage of the fraotior 

aflCT hvdmlL^' power waa determined before an 

detain n power before hydrolyais ws 

of the method of ® quantities by Hanea’a modificatio 

1045) Hookenhnll & Berber 

mTo°^^"'=“EPoweraflerhydroly^^ 
fj ’ hydrolyaed for 2 hr i 

'^2NHClm sealed tubes, neutralized, and reduem 

Bioehem. 1049, 46 


sugars determined as above Samples of polysaechande 
(0 6 g ) were oxidized by the method of Kent & ToUens (1886), 
and the yield of muoic acid and ita melting pomt recorded 
(All meltmg pomta are corrected) 

Stram F 6 was shown to yield a mixture of at least two 
polysaccharides which were separated by ethanol ftactiona 
tion mto a dextrorotatory, neutral polysaechande (F 1 and 
F 2) and a laevorotatory, aoidio polysaechande (F 3 and F 4) 
The former appeared to predommate m the crude poly 
saccharide The dextrorotatoiy polysaechande yieldedmucio 

12 
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aoid (38 3 %) on mtno aoid oxidation, whereas the laevo 
rotatory polysaoohande gave only an insignifioant yield of 
the acid 

Strain F 39 gave a dextrorotatory, neutral polyBaochande, 
and in addition a very small amount of a laevorotatory 
polysacohande 

Strain F 40 crude polysaoohande was shown to contam a 
dextrorotatory, neutral polysaoohande and a larger quantity 
of a laevorotatory, aoidio polysacohande 

Stram F 61 gave laevorotatory products only, which were 
weakly aoidio (aoid eqmvalent 1200) 

Strain F 62 gave approximatoly equal quantities of a 
dextrorotatory, neutral polysaoohande and a laevorotatory, 
aoidio polysaoohande ([a]^"* -22°, aoid equivalent 440 
oorrespondmg to approximately one eqmvalent of acid for 
every three anhydrohexoso umts m the polysaoohande) 
Fraction 1 (7 8 g ) was refiraotionated between ethanoho 
oonoentrations of 60 and 00% (w/w) and shown to consist 
mainly of a dextrorotatory, neutral pol3uacohande (Mjj* 
+ 21 6, aoid eqmvalent 3000, 4 27 g ) Nitno acid oxidation 
of fiaotion 3 ([a% -22 6°) gave oxaho aoid (0 3%), and 
no muoio aoid was detected 

Stram F 231 crude pol3rsaooharide gave a very low 
recovery (8 8%) on dialysis The product consisted of 
dextrorotatory, neutral polysaoohandes No laevorotatory 
substances were detected. Nitno aoid oxidation of fraction 2 
gave muoio acid (m p 207°, yield 43 9 %) This fraction had 
Ev before hydrolysis of 0 6% as apparent glucose It 
corresponded closely m its properties to the dextrorotatory 
polysaoohande isolated from stram F 0 

Dextrorotatory polyaaccJiande from 8tra%n F 6 

Isolation and properties of the polysaccharide Prehminaiy 
experiments showed that the most satisfactory method of 
isolation of the pure dextro and laevorotatory polysao 
ohandes was by further ethanoho fractionation of the dextro 
and laevo rotatory fractions obtamed m the prehmmaiy 
ethanoho fiaotionation of the dialysed polysacohande The 
dextrorotatory polysaoohande was normally precipitated 
when the ethanoho concentration reached 60-00% The 
following results were obtamed m a typical experiment 
The crude polysaoohande (40 7 g ) was dissolved m water and 
the msoluble fraction oentnfuged off The latter was twice 
extracted with water and the extracts oombmed with the 
mam extract The dned insoluble fraction weighed 3 67 g 


1949 

The solution (160 ml ) was made acid to pH 2 with HCl and 
dialysed for 0 days against several changes of distiUed water 
The dialysed polysacohande solution was concentrated in 
vacuo to 03 g and ethanol added to 60 % concentration (w/w) 
The precipitated polysaoohande was dned m the usual way, 
8 18 g , acid eqmvalent 0000 The polysacohande (0 93 g ) 
was dissolved in water (100 ml ) and divided into seven 
fractions by addition of mcreasing proportions of ethanol 
(Table 6) The aoid eqmvalents and specifio rotations of the 
finotions were detenmned The mam fractions (nos 3-5, 
6 26 g , 76 7 % of the startmg matenal) were practically 
identical, bemg virtually neutral and havmg specifio 
rotations m the range +23 0 to +29 7° Further ethanoho 
fractionation showed that fraction 3 consisted essentially of 
polysaoohande with specific rotation of +27 6 ° Fractions 
with specifio rotations m the range +27 6 to +29 7° were 
regarded as the pure dextrorotatory polysacohande and were 
used m the experiments desonbed below The pure substance 
was ash free, it oontnmed 0 2-0 6% N, hut was free fix)m 8 
and halogens 

Hydrolysis of polysaccharide Prehmmary experiments 
showed that hberation of rednomg sugars firom the poly 
saochande on hydrolysis with 2ii HjSO^ at 100° was at a 
maximum after 8 hr The polysacohande (1 93 g ) m 2 N 
HjSOj (100 ml ) was hydrolysed under these conditions The 
ice cold hydrolysate was carefully neutralized with hot 
saturated Ba(OH)(, a few drops of N H.SO4 added and finally 
neutralized with on excess of pure BaCO, The precipitated 
BaS04 was centrifuged off and washed, the oombmed super 
natant solution and washings were evaporated va vacuo to 
100 ml The neutralized hydrolysate had a total rednomg 
value corresponding to 1 60 g apparent glucose, 1 e 77 8% 
of the polysaoohande (1 60 g as apparent galactose, 1 e 
80 9 % of the polysacohande) , its optical rotation was 
+ 1 066° (1 dm ) and specific rotation +71 0° (E v as 
glucose) and + 68 2° (e v as galabtose) 

Identification of component sugars Partition ohromato 
grams on paper were made with samples of the neutrahzed 
hydrolysate desonbed above (Partndge, 1946, 1948, 
Forsyth, 1948) The chromatograms were developed for 
72 hr at 20° n Butanol, ethanol, water (40, 10, 60% v/v) 
and 7»-bntanol were used as solvents n Galactose, n glucose, 

D fimotose and d mannose were moluded as reference 
sugars 

Buiancd-eihanol icater The chromatograms gave only a 
single spot corresponding to galactose Glucose and mannose 


Table 6 Homogeneity of dextrorotatory polysaccharide {Strain F 6) 

(Dextrorotatory fractions of dialysed polysacohande were refiraotionated with ethanol and properties of the fractions 
detenmned ) 


Fraction 

Cone of ethanol 

(%, w/w) 

Weight 

(g) 

Acid eqmv 

wr 

n 

Nitrogen 

(%) 

1 

20 6 

0 20 

3100 

— 

— 

2 

49 3 

040 

6300 

— 



3 

62 6 

244 

16000 

+ 23 0 



3o* 


— 

10000 

+ 27 6 

0 47 

4 

64 8 

1 96 

14000 

+ 28 9 

— 

6 

67 7 

0 80 

24000 

+ 29 7 

0 18 

6 

69 0 

0 20 

7000 

— 

— • 

7 

Mother liquor 

023 

940 

— 

— • 


Eecovery, 

6 34g,916% 


* Fraction 3 a was obtamed by reprecipitation of firaotion 3, three times between 49 6 and 63 0 % alcohohc concentration 
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were absent The sensitive resorcinol reagent (Forsj’tli, 10-18) 
was nsed to demonatrato the absence of ketoso sugars 

Butanol The chromatograniB clearly showed tho presence 
of galactose and tho absence of glucose, mannoso and 
fructose 

Quantitative determinations of galaotoso m tho poly 
sacchande hvdrolysate were earned out by the partition 
chromatographic technique desenbed by Flood, Hirst A- 
Jones (1047, 19-lS) The polvsncohando (10 mg ) and l. 
rhanmose (5 mg ) as reference sugar were hj drolj-scd with 
0-4 ml 2 v HjSO^ in a sealed tube for 1 hr at 100“ Tho 
neutralized hydrolysate was transferred to tho chromato 
grams and develop^ with Ji butanol, ethanol, water (40, 10, 
60% v/v) for 72 hr at 20° Rccoicnes of galactose and 
rhanmose correspondmg to 88 % of tho former in terms of 
the polysaccharide were obtamed 

T east fermentation of polysocchande hydrolysate Tho 
ohromatographio analyses desenbed aboio showed that 
galactose was the mam component sugar of the poly* 
sacchande The chromatograms demonstrated tho absence 
ofagmSoant quantities of glucose, fhiotoso and mannose 
The absence of teduemg sugars, other than galactoso and 
those normally fermented by roast, was confirmed by 
fermentation of the nentrahied hydrolysate with n strain 
of SaccharomycBS carlsbergensts Hansen (NCTC 742), 
which had been trained to ferment galaotoso Tho organism 
was passaged three tunes m a mediom containmg 10 parts of 
^^tolysed lactose (6 g laotose/l hydrolysed with 0 5 n 
H a for 1 5 hr at 100° and neutralized to pH 6-6) and 1 part 
of beer wort The cells were washed twico with aalmo and 
rounded m the polysaochande hydrolysate at 30° and pH 
^ so that the cell density was about 80 x Wjml and 
fermentation was allowed to proceed for 00 hr (Wise i, 
Applmg, 1944) A parallel fermentation with a Bimllar 
wncentration of n galactose was carried out as n control 
-Keduemg value determinations were made with 0 2 ml 
supernatant solutions, freed fiom cells by 
cent^^bon, by Hanes’s modification of Somogyi's (1937, 
see Hockenhnll & Herbert, 1945) method (Table 6) The 


Table 6 FermetUafton of dextrorotatory polysaccharide 
hydrolysate by Saccharomyces carlsbergensis 


Polysaccharide 

hydrolysate 


D Galactose 


Eeducmgvalue R^ucmgva^ 

offennentation 

Time an^l^l^ Hesidu^ mixture as Residual 

(hrl *''’{% apparent glucose B V (% 

(mg/lOOml) of initial) (mg /100 ml) of initial 

72 243 100 

«« - II 

^ctose ^ rapidly fennented untd less than 1 % of the 

Simia^riiTt: 

2 2%oftheontnn I ^ hydrolysate, whioh retamed only 
IticludeSSSrof^^^ fermentation 
(i e 1 8 0/ of tlio of the reduomg substance! 

“annose and galactose 

neutrahled hy^X^'^* ^trxvativta A sample ol 

to 2 435 g poly 
pornted in vacuo to a thick syrup, glaoia 


acotio ncid (5 ml ) added to giin an ncotio acid concentra 
tion of about 90% and tho mixture allowed to stand at0° 
After seeding with a trace of d galactoso a mass of colourless 
cry stala was obtained w Inch was filtered off and washed with 
glacial acetic acid, Mcld of crude D galactose,! 24g (61 0%) 
The crude product (m p 100-103°) was once reorystallized 
from 00% acetic acid, and almost pure D galaotoso obtamed, 
m p 103°, unchanged on admixture with anthentio D galao 
tose,mp 100° +113° aftcrOmin -r-t- 70° after lOhr 

D Oalactose inethylphcnylhydrazone On treatment with 
0 2g mcthi Ipheny Ihy drazinc (asym redistilled bp 104° at 
14 mm ) and 0 1 g 60 % acetic acid the sugar (0 26 g ) m 
60% ethanol gaio crystallmo d galactose methylphenyl 
hidrazono (0 33 g , 84% of the theoretical, Neuberg, 1907, 
LOdtke, 1020) Tho crude product was reorystallized finm 
hot pyndme, otlinnol (1 1, y/y) mixture, after one to two 
crjstalhzations pure d galactose methj Iphenylhydrazone, 
mp 189°, was obtained Tho meltmg pomt was undepressed 
on admixture with tho authentic hydrazone (m p 189°) 
(Found (Wcilcr and Strauss) C, 64 8, H, 7 1, N, 9 2 Calc 
forC„HK,N,05 C,64 9,H, 7 1 N, 0 9%) 

A further galactoso deterimnation on the neutralized 
hydrolysate was made by tho methvlphenylhydxaione 
method of Hirst, Jones A IToods (1947) A portion of the 
hj droly sate corresponding to 0 9637 g of polysaccharide 
was treated with the methj Iphenylhydrazme reagent and 
gave 0 7707 g galactose methylphenylhydrazone, which 
corresponds to 0 5368 g galaotoso accordmg to the formula 
od'Husteial (1947), le to 65 6% of the polysaochande 

The excess motbylphenylhydrazme was remoyed as 
bcnzaldohyde methylphenylhydrazone fixim the mother 
liquor m the above determmation as described, by Morgan 
(1938) The i olumo of the residual solution was adjusted to 
26 ml Tho total reducing value oorresponded to 0 0578 g 
apparent glnoose, lo 6 0% of the polysaochande The 
remainder (24 ml ) was evaporated to a sjrenp, dissolved m 
methanol (6 mb) and treated with p mtrophenylhydrazme 
(0 1 g ) as desenbed by van Ekenstem & Blanksma (1903, 
Reolaire, 1008) No crystallme hydrazone was obtamed 
under these conditions 

D Galactose p nitrophenylhydrazone Neutralized hydroly 
sate eqmvolent to 2 276 g polysaochande was evaporated in 
vacuo to a thick syrup, which was dissolved m methanol 
(16 ml ) end heated with p mtrophenylhydrazme (2 0 g ) for 
10 mm. on the water bath A bnght yellow mioroorystaUine 
aohd soon separated on cooling The product was filtered off 
on a sintered glass crucible and washed with ice cold ethanol 
and ether On evaporation of the mother hquor and washmgs 
nearly to dryness in wictio and addition of absolute methanol 
(10 roL) further crops of the hydrazone were obtamed Yield 
of ornde hydrazone 2 265 g , correspondmg to 66 6 % of the 
polysaochande The crude substance softened at 184° and 
melted with decomposition at 1 86° It was reciystaUized finm 
boding absolute ethanol, m p 194° On admixture with 
anthentio D glnoose p mtrophenylhydrazone (m p 188°) the 
meltmg pomt was depressed to 184° On admixture with 
nuthentio d galactose p mtrophenylhydrazone (m.p 195°) 
the meltmg pomt was undepressed at 194° (Found C, 46 0 
H, 6 3, N, 12 7 Calc for CuH^NjO, C. 46 7, H, 6 4, N, 
13 3%) 

Actiylairon of polysaccharide. Prelunmary experiments 
were made with the crude polysaochande to determme the 
optimal conditions for acetylation The pure aubstanco 
(0 645 g ) was dissolved in water (2 m]), pyndme, redistilled 

12 2 
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over KOH, b p 116° (26 ml ), wns added and followed by 
redistdlod acetic anhydride (26 ml ), the latter was added 
gradually so that the temperature of the mixture did not 
exceed 36° The mixture was kept at 20° for 48 hr , at this 
stage a sample gave no precipitate on pouring mto ice cold 
water The solution was heated under reflux at 90° for C hr , 
cooled, and poured mto 600 ml of ice cold water giving an 
immediate precipitate of almost colourless acetjl poly 
sncchande The latter was filtered off, washed free from 
acid with water and dried in vacuo over PjOj Yield, 0 090 g , 
1 e 71 2% of the theoretical yield of tnaoetyl compound 
Fractionation of the acetyl derivative showed that it was 
homogeneous The erude substance (0 631 g ) was dissohed 
m CHClj (16 ml ) and three times reprecipitated by addition 
of3vol other The third precipitate was redissolvedm CHClj 
(10 ml ) and fractionated by addition of increasmg proper 
tions of ether Tlie mam fractions wore precipitated by 
69% (v/v) and 76% (v/v) of ether, respectively, their 
weights were 0 213 and 0 120 g , total recovery 0 405 g 
(76 3%) The specifio rotations of the fractions were 
respectively, [a]” +38 3° and +44 1° m CHClj (c, 0 4) and 
their acetyl contents, 46 2 and 49 2 % (theory for tnacetyl 
hexosan, 44 8 %) 

Benzoylation of polysaccharide The polysaccharide 
(1 04g ) was benzoylated by the Sohotten Baumann method 
The crude benzoylated product (166 g, 64 6% of the 
theoretical for the tnbenzoyl hexosan) separated almost 
immediittely as an almost colourless precipitate It was 
soluble in acetone and CHClj, but msoluble m ether and 
water After fractional precipitation from CHClj solution 
with ether the mam fraction had a specific rotation of [a]^® 

+ 18° m CHClj (c, 0 6) 

Laevoroiatory polysaccharide from strain F 6 

Isdalton and properties of the polysacchande After removal 
of the dextrorotatory polysacchande from solutions of the 
crude dialysed polysacchande by addition of ethanol to 
60-60% concentration, the mother hquor consisted pre 
dommantly of laevorotatory polysacchande A portion of 
crude laevorotatory polysacchande precipitated from these 
mother hquors by mcreasmg the ethanoho concentration to 
80% (w/w) (9 68 g , [a]J,° -2 1°, acid equivalent 770) was 
redissolvedm water(200ml ), centrifuged to remove msoluble 
matenal and the clear, pale golden brown coloured super 
natant solution divided mto six fractions by addition of 
mcreasmg concentrations of ethanol (The insoluble fraction 
formed a thick viscous paste on addition of water, but did 
not dissolve It was readily soluble m n NaOH and slowly 
soluble m 2 n NojCOj, but insoluble m acids No precipitate 
was obtamed on acidification of the alkalme solution ) After 
removal of the first ethanoho precipitate (61 6% ethanol), 
the supernatant solution was decolorized by treatment with 
animal charcoal (2 g ) at 20° for 18 hr The charcoal was 
centrifuged off and the ethanoho fractionation contmued 
After precipitation and oentnfugation of fraction 3, the 
opalescent mother hquor was evaporated in vacuo to 36 g 
and fractionation contmued by addition of suflioient ethanol 
(70ml ,61 4%) to produce an appreciable further precipitate 
The fractions were precipitated as clear, colourless syrups 
which were desiccated with difficulty by treatment with 
mcreasmg concentrations of ethanol, they were finally 
washed with ether (dried over Na) and dned in vacuo over 
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FjOj The yields and properties of the fractions are sum 
manzed m Table 7 The results showed that the mam laevo 
rotatory fractions were practically identical, having specific 
rotations m the range — 13° to — 17° andacidequivalentsof 
080—826 (mean 706, which corresponds to approximately one 
acidic group per five anhydrohexose imits) 

Table 7 Homogeneity of laevorotatory poly 
saccharide (Strain F 6) 


(Laevorotatory fractions of dialysed polysacchande were 
rolractionated with ethanol and properties of the finctions 
determmed ) 


Fraction 

Cone of 
ethanol 

Weight 

Acid 

Wi? 

no 

(%. •n/w) 

(g) 

eqmv 

(°) 

Insol 

0 

1294 

941 

-60 

1 

61 6 

0183 

1680 

(m 0 1 X NaOH) 

2 

69 0 

2 713 

1296 

+ 58 

3 

68 2 

2 962 

793 

-10 4 

3 a* 

— 

— 

826 

-13 3 

4 

61 4 

0 421 

682 

-16 9 

6 

70 3 

0 426 

790 

-14 5 

6 

76 9 

0 088 

971 



Mother 

— 

0 392 





liquor 


Hecovery, 

8478g, 

87 5% 




* Fraction 3 o was obtamed by fractionation of fraction 3, 
between 76 and 99% ethanol concentration (n/w) 


The polysacchande (10 mg ) gave no reaction for ketose 
sugars m the Sehwanoff test after 16 mm at 100° , under the 
same conditions fructose (2 mg ) gave a definite pink 
coloration after 2-5 mm On hydrolysis with n HjSOj 
( 0 0577 g polysacchande m 26 ml ) at 100°, the imtial 
reduomg value of 6 3 % as apparent glucose rapidly moreased 
to a maximum of 67 8 % as apparent glucose after 3 hr , and 
thereafter decreased at an approximately Imear rate, 
reachmg 60 0% after 6 hr A sample of polysacchande 
(0 4984 g ) was dissolved m 100 mh n HjSOj and hydrolysed 
under these conditions The hydrolysate (6 ml ) was treated 
with the eqmvalent of Ba(OH), (12 9 ml , 0 387 n) and the 
precipitate of BaSOj centrifuged off The supernatant 
solution (10 mL) had pH 8 36 and required less than 0 1 ml 
0 1 N H5SO4 for neutralization It was clear that no acid was 
liberated on hydrolysis The remomder of the hydrolysate 
( = 0 440 g polysacchande) was neutralized m the usual way 
and the neutralized hydrolysate diluted to 50 ml Its 
reduomg power was 69 6% (as apparent glucose) and its 
specific rotation on this basis was +47 8° On heatmg at 
100° for 30 mm with phenylhydrazme HCl and sodium 
acetate, glucosazone was obtamed The solution of neutral 
ized hydrolysate was used m the experiments desenbed 
below 

Identification of component sugars Chromatographic 
analyses of the laevorotatory polysacchande hydrolysate 
were earned out as desenbed above The position of the 
isolated sugars on the chromatogram was detected by means 
of the ammomaoal AgNOj and resoremol reagents 

Butanol ethanol water The chromatograms gave only a 
smgle spot oorrespondmg to glucose Galactose, mannose 
and fructose were shown to be absent by use of the authentic 
sugars for reference purposes 
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Quantitative detemmationa of glucoao wcro made bj tho Table 8, the mycobum filtered off, dned and weighed The 

method of Flood el al (1947, 1948) Tho poljsnccbarido culture filtrates ncro o\apomtcd in vacuo to about 0 1 vol 

(11 2 mg ) and L-rhamnoso (S-O mg ) ns reference sugar were andthoothanol insoluble fraotion.mcludingpolysacohandes, 

hydrolysed with 0 4 ml 2 n HjSO, in a scaled tube for 1 hr prcoipitatcd by addition of a slight excess (2-4 1 ol ) of ethanol 

at 100° The chromatograms were dm eloped with n butanol, Samples (0 5 g ) of tho crude ‘ polysacehandes ’ were oxidized 

ethanol, water (40, 10, 60 1/\) for 72 hr at20° Thorccoioncs with nitrio acid by tho Kent Tollens (1885) method, the 

of glucose and rhnmnose corresponded to 03 0% of glucose ynclds and molting points of tho crude oxidation products 

m the polysacohande ato recorded in Table 8 

Acetylation of polysaccharide, Tho lno^ orotatory poly Tho mycelial growth on tho galactose medium was 

saccharide (0 529 g ) was dissolved m water (2 ml ) and heavier and more ngorous than that on any other medium, 

pyndme (26 ml ), and acetic anhydride (26 ml ) added ns it differed significantly from that of tho glucose medium, 

de^nbed above After 48 hr at 20° a colourless precipitate which was white and shmy with a hght cream coloured 

had formed This was filtered off, washed free from ncid culture filtrate, m its production of green comdial areas 

mth water and dned la eacuo (0 688 g , i e 02 6% of tho Tho mycobum was reddish brown on its underside and the 

heoretical yield of (nacc/i/lpolysaccAande) Tho product had culture filtrate reddish brown m colour Lactose also formed 

e unusual property of insolnbihty m CHCl,, pyndme and early (5 day s) sporulation, but mycehal growth was slow and 

aw no as well as m ether and water (Found C, 47 7, sparse No growth took place on citrate or tartrate as sole 

ri ’fin n’ ^ {C«H,05(CH3C0),) requires source of carbon Tho acetate medium gar e nse to a trace 

’tt. ’ A of colourless submerged mycelium Similar results were 

e mo er quor was heated at 90° for 6 hr and poured obtomed with dnloitol, mamutol and sorbitol Dulcitol and 

m water No further precipitate of acotylpoly mannitol wore rocorerednnchangodm yields of 96 and 85%, 

Bacc n e tos oht^ed. rcapcotivoly, after moubation for 34 days A thick syrupy 

m 7>oli/saccliandc. The polysacohande product, which did not crystoUize on standmg, was obtamed 

m normally by the Sohotten Baumann from tho sorbitol medium, it was probably crude sorbitol 

nrnri ^ of fho thcorctical yield) of Moderately heavy growth of pink coloured mycehum was 

was d pc ^a^hande The crude product (0 793 g ) obtamed on tho ethanol medium, which favoured the 

tirninfo^^i ^"^'^reprecipitated by addi production of isolated colomes rather than a contmuous felt 

wnn fronton fi '^di^lved m CHClj The eolation Tho observations of mycehal growth, recorded m -columiis 

homovpTienn With ether and shown to be 3-6 of Table 8, were visual estimates made during growth, 

benzoyl polysacohande had a they were not m every ease supported by the mycehal 
«p«ifiorotation,[a]»+3 3»mCHa,(c,0 0) weights finally obtamed 

d A PO^yfcKcharidec Solutions of tho Reduomg power dotennmations after 19 days’ moubation 

d1 td rotatoiy polysacehandes (2%,lmL) were showed that galactose was metabolized more rapidly than 

u^ with water (18 6 mb) and a 1% solution of a malt glucose, at this stage the mean galactose content was 
an^se (mixture of a and^ amylases) preparation (0 6 ml.) 0 00 g /lOO ml and that of glucose 0 89 g /lOO ml After 

™ ’ ft 0 V. uo mcrease of reducing moubation for 19 days the pH of the glucose medium fell 

powerafter^hr moubation ThepolyBaoohandea(2%, Imh) to 2 63 and ultimately rose agam to 3 90, the correspondmg 

were uted with water (18 9 mL) and mvertose (yeast auto values for the galactose medium were 3 96 and 6 14 

preparation) (0 1 mb) was added, pH 4 6 and 30° ^Ir® ethanol precipitated fiactions fimm the glucose, 

erewaanoincreaseofredaomgpowerafterl9hr moubation galactose, maltose, starch, glycerob xylose and ethanol 

rne pol^cchandes (2o/o, 1 ml ) were diluted with woter media were undoubtedly constituted mainly of polysao 

0 5ml 1 emulsm (Bntish Drug Houses Ltd., ohandes The product liom the lactose medium (10 8 g, 

power a^ >pH7and30° Therewasnoohangemreduoing 20 0%) was the unchanged sugar, it reduced Fehling 

the u I ^ “ mcubation The experiments showed that solution and its m p of 200° was undepressed on admixture 

mvert ''^®™ fl'ttaoked by a or fl amylases authentic lactose On heating with acetic anhydride 

se or ^ glucoaidase ’ and sodium acetate it gave 69 % of the theoretical yield of 

lactose oota acetate, m p 96-100°, undepressed onadmixture 
woioth and polysacohande, ptroduclwn bv Pen n II authentic lactose octa-acetate 3?he sparse growth with 

luteuin P 6 on various carbon so disacchande, as compared with that on media eontammg 

A senes of meO Iry'^rolysis products, suggests that the fungus may not 

formula, each e t prepared, based on the Czapek Dox produce lactase The bulk of the substrate was, however, 
carbon source following substances os probably metabolized by some other route smoe only 21 % 

ataroh (2%), glyc^rs’o*^*^^^''*^®®’ sol“We was recovered and the rotation (a^ ° + 1 39°, 1 dm ) of the 

tartrate cryst (6 4^1 citrate cryst (9 7%), sodium culture filtrate was not m agreement withitsreducmgpower 
sucrose, xylose (1 <y ) duloitol 1 ®%)> (4 11 g /lOO mb as apparent lactose) on the assumption that 

(^%), ethanol (2 sV) iconc . corbitol the sugar was the mam component On addition of ethanol 

stated.) Three ‘Glaxo’ bottl° otherwise (2vob)totheconcentratedcultur6filtratea8mallrmmediate 

sown with equal volunies of * ° each) were precipitate was obtamed. On standing for a few hours the 

F6 for each carbon source 3^^°^ susjrension of P luleum supernatant solution deposited lactose as a crystaUmemass 
pH 0-7 Observations on the ^ pH of the media was The culture filtrate from the galactose medium was deep 

fell of reducing power m th fungus, the red m colour The coloured component was separated by 

pH changes are recorded in T^^'^ media and extraction with CHClj and on evaporation of the solvent 

feirvested after moubation ni oko t ° ■^“® cultures were orange red oiystallme needles were obtamed (0-02 g , 0 04% 

or tho periods stated m of sugar fermented, m p 99-104°) 



Table 8 Growth of PeniciUium luteum F 6 on various sources of carbon 
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After moubation for 28 daj-s the soluble starch medium 
gave no I, reaction, sbomng that P lutmm excretes a amy 
laso mto the medium After concentration to 0 05 vol the 
culture filtrate was non viscous Tho yield of poliTWcchando 
(17 3 %) and presence of muoio acid m its oxidation products 
showed that the starch had been metabolized by tho fungus 
The culture filtrate from the acetate medium (pH 0 13) 
required 10 ml N HQ for neutralization to pH C 93 Tho 
filtrate had no detectable rotation m a 1 dm tube Tho 
ethanoho precipitated fraction was non polyaacchando in 
character, it gave a negative Mohsch reaction end did not 
reduce Fehhng’s solution 

Growth and fermentation of the sucrose medium was poor 
as compared with the media containmg the monosaccharides 
and maltose After 34 days, 2 86 g /lOO mh, i c 67 % of the 
imtial sucrose, remamed unfermented 
Isolation of mnoio acid (melting pomt undepressed on 
admixture with authentic muoio noid) on oxidation of tho 
polysacchande firactions from the glucose, galactose, 
maltose, starch, glycerol, and ethanol media showed that 
these substrates as sole sources of carbon were metabolized 
by P luleum with the production of galactose containing 
polysaccharides 


Growth of Pemcillium luteum F 6 on the dcxlro and 
laevo rotatory polysaccharides as sole sources of 
carbon 


Dextrorotatory polysaechandt. A medium baaed on the 
Czapek Dox formula, containmg tho dextrorotatory poly 
saccharide (1%) as the sole source of carbon was sterilized 
m two porbons of 10 ml m comoal flasks (60 ml ) by mter 
mittent steaming at 100° on 3 successive days The medium 
was Inoculated with a weak spore suspension of P luteum 
P 6, precautions being taken to avoid removal of nutrients 
from the agar slope m transferrmg the spores Tho cultures 
were moubated at 26° (Control cultures with medium 
containing salts but no added carbohydrate, gave only 
taoes of mycehal growth after 37 days ) After moubation 
for 37 days the polysacchande medium contemed only a 
trace of imponderable, semi submerged mycehum 
Laevorotatory polyeacchartde. A medium conespondmg to 
that described above was prepared, it contamed the laevo 
rotatory polysacchande (0 6%) as sole source of carbon 
Nme portions of the medium (10 ml each) were inoculated 
Alto inculmtion for 6 days there was shght superficial 
gr^h with green comdial areas, and after 37 days the 
rnedium wm covered with a contmuons felt of colourless 
^y mycehum, which was harvested, dned and weighed 

^eyieldofmycehum(0 0994g,ie U05g/1 medium) was 
To/ i f" “ containing 

(2 6%), Table 8 

solution It had no detectable optical rotation 


Influence of Penicdliuin luteum polysaccharides 
aggregation of sod paHides 

Bnan, 1948 i) yte crude polysacchi CS 


nos F 39, 40, 61, 62 and 231 and tho pure dextro and laevo 
rotatory polysaochandes of stram P 0 were tested for soil 
aggregating properties (Table 9) Tho products from strains 
P 46 and 61 had shght aggrogatmg effects, although small 
compared with tho crude product from strain F 6 or levan 
Tho pure dextro and loov o rotatory polysaochandes had 
much lower activities than the crude product from which 
they wore obtamed by aloohoho fractionation 

Table 9 Influence of PemciUium luteum pedy 
sacchandcs on aggregation of sod particles 

Percentage aggregation 
when 0 26% of the 
poly sacchande was 


Polysacchande apphed to soil 

Crude products 

Strain PC* 60 1 

Stram P 39 18 

Strom P 40 4 3 

Stram F 61 14 4 

Stram P 62 13 

Stram F 231 16 

Dextrorotatory polysacchande, PC 6 3 

Laevorotatoiy polysacchande, F 6 23 6 

Levan'f' 90 9 

Control 1 3 


♦ Qeoghegan L Bnan (19486) 
t Geoghegan 4, Brian (1948a) 

DISCUSSION 

It 18 clear from the properties of the desrtro 
and laevo rotatory polyaacchandes that they are 
different from the P luteum products hitherto 
described The most important properties are sum 
manzed m Table 10 for comparison with those of 
luteic acid, luteose and galuteose Anderson & 
Raistrick (1936) reported the formation m the 
metabohe products of P luteum Zukal of laevo 
rotatory polysacchandee, built up of mannose, 
galactose or fructose umts m proportions vsnying 
with the ago of the culture Mannose was isolated 
as the phenylhydrazone (yield, 6 %) from some of 
the crude fractions from our strain F 6 and fiructose 
was detected by partition chromatography, but no 
pure polysaccharides containing these sugars were 
isolat^ It is concluded that glucose and galactose 
are the predormnant umts for polysacchande 
synthesis by P luteum The fungus synthesized a 
glucose containing polysacchande from glucose, 
fructose, mannose, xylose, 6u»bmose and glycerol as 
sole sources of carbon (Birkmshaw & Raistnck, 
1933) and a galactose containmg polysacchande 
from glucose, galactose, maltose, starch, glycerol 
and ethanol, but not firom acetate, citrate, tartrate, 
sucrose, duloitol, mamutol or sorbitol as sole sources 
of carbon 

The chemical evidence desenbed above supports 
the conclusion that the polysaccharides are chemical 
entities The ultracentnfugal data presented m the 
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Table 10 Propertica of PemoiUmm luteum polysaccharides 


Property 

Luteio acid 
(Raistnck L, 
Rmtoul, 1931) 

Lnteose 
(Raistnck & 
Rmtoul, 1931) 

Galuteose 
(Anderson et cd 
1939) 

Dextrorotatory 

Laevorotatoiy 

Spectfio rotation, [a]„ji (°) 

-47 (ns Na salt) 

-464 

— 

— 

— 

Specific rotation, [a]j, (°) 

— 

— 

-26 

+ 29 

-16 

Acid equivalent 

434 7 

Neutral 

— 

Neutral 

800 

Component imits (100 g ) 

D Glucose (g ) 

83 

100 


0 

64 

D Galactose (g ) 

— 

— 

66 

88 

0 

D Mannose (g ) 

— 

— 

20 

0 

0 

Malomc acid (g ) 

23 4 

— 

— 

— 


Viscosity of aqueous solution 

Viscous 

Viscous 

Non VISCOUS 

Non VISCOUS 

Non VISCOUS 

foUowmg paper (Ogston, 1949) shows, however. 

that of some biological significance to 

the fungus m 


they are polydisperse The dextrorotatory poly- 
saccharide consists of components of molecular 
weight of approximately 60,000 to 200,000 and the 
laevorotatory polysaccharide of components with 
a mean molecular weight of 16,000 liie behaviour 
of the organism m producmg a series of polysao 
chandes mdistmguishable m their chemical pro- 
perties, but of different molecular complexity, may 
be related to its power of producmg a range of poly- 
saccharide products accordmg to the period of 
mcubation as reported by Anderson & Raistnck 
(1936) 

Stacey (1947) recorded that the biological function 
of the extracellular mould polysaccharide is un- 
known, it bemg generally assumed to act as a reserve 
carbohydrate This may be the case with the laevo- 
rotatory polysaccharide which sustamed about 
the same amount of mycehal growth as media 
contauung lactose, glycerol or ethanol as sole 
sources of carbon The dextrorotatory polysac- 
charide was not, however, attacked to any sigm 
ficant extent 

P luteum is common m soils The marked effect of 
the crude polysaccharide from stram P 6 on the 
aggregation of soil particles is of mterest The fungus 
may take part m producmg crumb structure m soil 
(Geoghegan, 1947) The polysaccharides are hygro 
scopic and the difficulty of desiccation of their 
aqueous solutions has heen noted , the latter may be 


SUMMARY 

1 Isolation of two new polysaccharides from 
strains of Pcmcilltum luteum senes, grown on 
Czapek Dox glucose medium, by ethanolic fraction- 
ation of dialysed culture filtrates is descnbed 

2 The dextrorotatory neutral polysaccharide, 
Wj" + 29°mwater (c, l),wasnon viscous m aqueous 
solution D-Galactose (88 %) was the mam com 
ponent sugar, glucose, mannose and firuotose were 
absent The acetyl and benzoyl denvatives had 
specific rotations of [a]" + 41° m chloroform (c, 0 4) 
and [a]]f -f 18° m cMoroform (c, 0 6), respectively 

3 The laevorotatory polysacchande, [a]Jf — 16° 
m water (c, 1), was acidic (acid equivalent, 800) 
D-Glucose (64%) was the mam component sugar, 
galactose, mannose and finictose were absent The 
acetyl polysacchande was insoluble m the common 
organic solvents The benzoyl denvative had a 
specific rotation of [a]i° + 3 3° m chloroform (c, 0 6) 

4 Galactose-contammg polysacchande was syn 
thesized by the mould from glucose, galactose, 
maltose, starch, glycerol, and ethanol but not firom 
acetate, citrate, tartrate, sucrose, dulcitol, manmtol 
or sorbitol as sole sources of carbon 

Our thanks are due to Dr M. J Gteoghegan for carrying 
out the sod aggregation experiments 
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POLYSACCHARIDES FROJI PENICILLIUM LUTEUM SERIES 


The Sedimentation and Diffusion of Polysaccharides from 
Pentcilltum luteum, Interpretation of the Results Obtained 
from Polydisperse Material in the Gouy Diffusiometer 


By a G ogston 

Department of Bioeheimstry, University of Oxford 


(Received 18 February 1940) 


Samples of the deYtro and Inevo rotatory poly- 
saccharides, prepared from Pcmcilhum lutcum bj 
Freeman A Maepheraon (1949), were submitted for 
the exammation of their ultracentrifugal sedimenta 
tion and diffusion 


EXPERBIENTAL 

sohd matenals were dissolved m, and thoroughly 
^lysed agamst, buffer of composition NaCl, 0 2 m, 
KH,PO<, 0 027 m Na HPO„ 0 027 m The ffnal concentrations 
Tvere about 1 g /lOO ml and were estimated by refractometry 
agamst the buffer 

Meniscus 

4 ^ 



( 0 ) 



(b) 

l^ig 1 Se^entation diagrams (a) deitrorotatoiy poh 
TChande 37 mm after reachmg full speed, (6) laevc 

fuU spee 

Sedimentation was observe 

PhdS, 0^1 by the method < 

^Mpot (1938), usmg the standard conditions of runnm 
recommended by Cecd A Ogston (1948) 


Both samples proied to be polydisperse The dextro 
rotatoiy matcnal (Fig 1 a) was composed of two mam 
fractions a more slou ly sedimentmg fraction which appeared 
to bo homogeneous and a more rapidly sedimentmg fraction 
which was hoterogenoons The sedimentation constant of the 
faster material and the relative proportions of the two 
fractions could not bo determined accurately because the 
bonndanes were not clearly resolved However, separation 
of tho schheren curve mto two more or less symmetncal 
parts (Fig 2) gave an approximate estimate of the amounts 
of tho two components The combmed boundary repre 
sonted only 0 86 of the total refraotmg material 
Tholaevorotatory material (Fig 1 b) gave a smgle boundary, 
the thickness of which showed that the polysaoohande was 
polydisperse, it consisted of material sedimentmg over a 
range of rates, symmetrically distnbuted about a mean 
value Integration of this boundary showed that it repre 



Fig 2 Tracing from sedimentation diagram (full hue) of 
dextrorotatory polysacchande, 47 mm after reaohmg full 
speed (60,000 rev /mm ), to show analysis mto components 
(broken Imes), gradient of concentration dcjdx agamst 
position m cell, i 

sented only 0 64 of the total refraotmg matenal, however, 
this value may be too low, because the lower limit of the 
boundary appeared to be reaching the bottom of the cell 
before its upper limi t had fully left the meniscus 
The results are given m Table 1 

Diffusion measurements Diffusion was measured by means 
of the Gouy diffusiometer (Coulson, Cox, Ogston A Philpot, 
1948) Ogston (1949) has shown that this method can be 
used to detennme the diffusion constants of a mixture of two 
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Table 1 Data 

obtained from uUracentnfugal sedimentation 


Matenal 

Dextrorotatory 

Laevorotatory 

Component 

(1) Monodisperse 

(2) Polydisperse 

Polydisxierse 

Fraction of total 
refiuctmg matenal in 
ultra centnfuge 
diagram 

0 86 

064 

Proportion of 
component m 
diagram 

0 43 

0 57 

•^lOlcorr) 

4 13 

5 2 (approx ) 
1 79 


Table 2 Data obtained from diffusion 


Matenal 

Dextrorotatory 

Laveorotatory 

Component 

(1) Monodisperse 

(2) Polydisperse 

Polydisperse 

Proportion 
of component 

027 

0 73 

X 10’ 

55 

1 9 

Av 8 32 

Approx mol wt 

50.000 

170,000 

15.000 


homogeneons components Provided that one of the com 
ponents is present only m small amount, the error mtroduced 
by its polydispersity into the estimate of the difiusion 
constant of a homogeneous mam component is small, 
however, if, as m the case of the dextrorotatory poly 
saccharide, a mam component is polydisperse, considerable 
errors are mtroduced mto the estimates of the diffusion 
Constanta of both components and of their proporbona The 
values quoted m Table 2 are, therefore, only rough and it is 
not suxpnsmg that the proportion of the components 
estimated from the diffusion data differs from that obtamed 
from the sedimentation diagram (Table 1) 

Any attempt to analyse the diffusion data given by a 
highly polydisperse matenaJ, such as the laevorotatoiy poly, 
sacchande, m terms of two homogeneous components, is of 
little value and could do no more than mdicate the range of 
polydispersity It would be more useful to estimate the mean 
diffusion constant, for comparison with the mean sedi 
mentation constant However, the mean diffusion constant 
which IB obtamed fixim the movement of the outermost 
mterference band by the Gouy method is not the weighted 
mean diffusion constant, but is given by 


_L 

VS - VA’ 


where oq is the fraction of material having diffusion constant 
Use of this value, together with the mean sedimentation 
constant, to calculate the molecular weight would yield a 
rather ounous mean value A method has therefore been 
found, and is desonbed below, for obtainmg the arithmetic 
mean diffusion constant from the Gouy data The result of 
this calculation is given m Table 2 


THEORETICAL 

Method of obtaining an arithmetic mean diffusion 
constant by the Oouy method 

Where the diffusion boundary is made up of a range of 
superimposed Gaussian boundaries, if oq is the fraction of the 
total refective morement due to each component » havmg 
diffusion constant D( and if c is the total refractive merement 
(expressed as numbers of wavelengths of phase difference), 
then the phase difference r of light passmg through the 


honodary at distances -t-ar sad ~ x from, its centre and the 
angular deflexion 6,. of such hght at time t are given by 


where 


'• = -^'S{oq/(r,)}, 

Vn 


f{^t) 


= 1 ‘t-‘'dz-Zt 

J 0 


and Z{=xl^/{4Dit) , 


and 






It follows that 


Now 


Dt=S (cqUj) t = 


(1) 


This quantity can be approximately computed from the 
Gouy mterference pattern by the followmg procedure The 
values of r for the mterference minima, from without 
mwards are i, 1 + J, , the correspondmg displacements of 
the minim a fom the optio axis, are measured at a given 
time i In addition, the maximal displacement is 

calculated from X(,/j3o (Coulson et al 1948, Ogston, 1949), 


which corresponds to r=0 r, X,, S^, SX, 


Sr r Sr Y 

’sx^’Ksx^J 


and 


/ Sr \’ ^ 1 . 

S( ) are then tabulated Smce 0=X/X, where F is the 

Vsx,./ 

focal distance, equation (1) is approximated by 



This sum IS computed over the whole range of mterference 
bands, mcludmg the optic axis where X = 0 and r=v, but 
omittmg the mterference minimum next to the optic axis, 
smce its proper value of r is uncertam (Kegeles & Gostmg, 
1947) By thus computing 5t at two or more values of t, 
the value of 5 is obtamed 

This method was tested on a record obtamed with a nearly 
homogeneous sample of lactoglobulm The mean diffusion 
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constant (m bufifer at 20°) obtained from —^=S —r— inis 
' Vi> Vri 

7 15 X 10“’, -fflule the appbcation of the above method gave 
D=6 94 and 7-02 x 10“’, from two mtervals of time The 
mean diffusion constant of a mixed solution of lactoglobulm 
and sucrose (Ogston, 1949) was found to be 10 82 x 10“’, the 
expected value bemg 10 85 x 10“’ 

DISCUSSION 

It IS clear from the sedimentation diagrams that both 
polysaccharides are polydisperse, the dextrorot* 
tory consistmg of homogeneous and heterogeneous 
fractions and the laevorotatory bemg entirely 
heterogeneous In addition, m neither case does all 
the refractmg material appear m the sedimentation 
boundaries, winch mdicates that a proportion of the 
material may sediment too qmckly or too slowly or 
may be too lughly polydisperse to contribute to the 
boundary diagrams Thus, while the mean sedi 
mentation constants of the material can be regarded 
as estabhshed, m view of the uncertamties and errors 
discussed abo\ e neither the proportions of the 
components nor their diffusion constants should be 
regarded as more than rough estunatea, and the 
same is true of the estimates of molecular weights. 


given in Table 2 These were derived from the 
sedimentation and diffusion constants assummg a 
value of 0 62 for the partial specific volumes 

The value of the mean diffusion constant of the 
laevorotatory polysaccharide, calculated by the 
method described, would give a reliable estimate of 
its mean molecular weight if it were certam that the 
average apphed to the same range of material as does 
the estimate of the sedimentation constant The fact 
that only 0 64 of the refractmg material appears m 
the sedimentation boundary shows that this may not 
be so 

SUMMARY 

1 Measurements of the sedimentation and 
diffusion of two samples of polysaccharide from 
PcmciUiiim luteuin are described 

2 A new method is given for analysmg the 
diffusion data obtamed with the Gouy diffiisio 
meter, so os to obtam a value of the arithmetic mean 
diffusion constant which is comparable wiffh the 
mean sedimentation constant 

3 Approximate values for the amounts and 
constants of the components of the polysaccharides 
have been deduced 
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Metabobc Products of Trtchothecium roseum Link 
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AND S E MICBLAEL, Department of Biochemistry, London School of 
Hygiene and Tropical Medicine, London, W C I 


(Received 22 February 1949) 


The work described m this paper was earned out 
independently at Stevenston and the London School 
°f Hygiene and Tropical Medicme When the 
wparate mvestigations were commumcated to the 
Biochemical Society (Freeman & Morrison, 1948, 
ichael, 1948) the results from the two laboratories 
Were found to be so similar that it was decided to 
pre^nt a jomt account of the work This paper deals 
^ isolation of three crystallme metabobc 

pro nets of Trtchothecium roseum which had not 
^o been described Two of these products 
w uc are present mainly m the mycehum, and only 
in smaller amounts m the culture flmd, were named 


rosem I and rosem U, while the name rosem HI is 
proposed for the third compound which has been 
found only m the culture flmd The three new pro 
ducts are additional to tnehotheom, the antifungal 
substance which was described by Freema n & 
Momson (1949o) 

It has been known for many years that finnts 
attacked by the pmk rot caused by T roseum Link 
contam a bitter principle The latter was isolated m 
the form of a crude syrup and its solubihty described 
by Iwanoff (1904) Antagonism between T roseum 
and certam plant pathogemo fungi was reported by 
Whetzel (1909), Bonmg (1933), Koch (1934) and 
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Greaney & Machacek (1936) Koch (1934) stated 
that T roaeum actively parasitized the stroma of 
Dibotryon morboaum m the black knot disease of 
vanoushosts Greaney & Machacek (1936) found that 
the fimgus was antagonistic to Hdmintlwsportum 
sativum when the two organisms were grown together 
m soil m the presence of cereal seedlmgs The 
presence of an antifungal compoimd m culture 
filtrates of Tncliothecium roaeum weis reported by 
Bnan & Hemmmg (1947) The substance, tricho- 
thecm, responsible for the antifungal activity was 
isolated, and some of its chemical properties 
described by Freeman & Morrison (1949o) Its 
biological properties were described by Freeman & 
Morrison (19496) Rosem I and crude rosein ITT 
were encountered as by-products m the isolation of 
tnchothecm by Freeman & Morrison (1949o) and 
referred to m that paper as ‘crystalhne precipitate 
(11)’ and ‘precipitate (I)’ resxiectively 
The mould was mcubated for 3-4 weeks on 
Czapek Dox medium which was enriched with corn- 
steep hquor Extraction of the culture flmd with 
chloroform 3 nelded a syrupy mixture from which 
rosem IH was obtamed as a colourless crystaUme 
product by repeated precipitation with hght 
petroleum fi-om chloroform, followed by fractiona- 
tion on an alumma column m chloroform carbon 
tetrachloride The petroleum mother hquors were 
evaporated and fr^tionated m ether by passmg 
through an alumma column The first fractions, on 
recrystaUization from hght petroleum contaimng 
some chloroform, yielded small amoimts of roseins 
I and H, m the mother hquors of these products the 
bulk of the tnchothecm was found 

Extraction of the dned and powdered mycelium 
with solvents yielded a mixture of two crystalhne 
products, rosems I and H, the former in approxi 
mately double the amount of the latter These 
products were accompanied m the extracts by 
considerable amounts of lipids 

In the London School of Hygiene and Tropical 
Medicme method, the extraction was earned out m 
a Soxhlet extractor with hght petroleum On 
concentratmg and cooling the extract, a mixture of 
rosems I and H crystalhzed m yields of 2-3 % of the 
weight of mycehum Separation of the two sub 
stances was effected by treatment with cold ethanol 
which leaves rosem I, m p 210°, undissolved, while 
rosem H, m p 186°, crystallizes from the mother 
liquors on addition of water 

In the Nobel Division method, boihng chloroform 
was used as solvent Treatment of the concentrated 
extract with light petroleum afforded rosem I On 
evaporation of the mother hquors and treatment 
with aqueous ethanol, rosem II was obtamed 

Rosem I (C^jH^Oj, m p 210°), which is shghtly 
soluble m cold ethanol, crystallizes from this solvent 
m colourless tetrahedra It is optically active, its 
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specific rotation m cliloroform bemg [a]^ — 112 6° 
It 18 a neutral compound of ketomc character, as 
shown by the formation of a 2 4 dmitrophenyl 
hydrazone and an oxime Under the mfluence of 
hot alkali, it is rearranged to a lactone, worosem I 
(CibHjjOj, m p 144°), winch is no longer ketomc, but 
which possesses a hydroxyl group which can be 
benzoylated Potassium permanganate at room 
temperature oxidizes rosem I to a monobasic acid, 
m p 242° 

Rosem H (CjjH 2 g 03 , m p 186°) crystallizes firom 
aqueous ethanol or from toluene m coloiuless fibrous 
needles It possesses weak optical activity, its 
specific rotation [a]^ m chloroform being 4-6 9 ° 
It has no ketomc or hydroxyl groups, but its 
properties correspond to those of a lactone It is 
soluble m hot alkah and is recovered unclianged on 
acidification Oxidation with potassium permanga- 
nate m acetone at room temperature gave a mono 
basic acid CijHjjOs Rosem II was obtamed from cul 
tures on the enriched Czapek -Dox medium, but was 
not detected m cultures on Rauhn Thom medium 

Rosem III (CjoH^gO^, m p 221°) crystalhzes from 
toluene m colourless plates It has a ketomc 
character as shown by the formation of a 
2 4 dimtrophenylliydrazone Hot alkah converts 
rosem HI mto an isomeric lactone, tsorosem HI, 
CjoHjgOi, m p 166° 

Durmg the isolation of one of the strains used m 
this work (BB 106 o) it was observed that an apple 
infected with the mould developed an mtenssly 
bitter taste, which permeated the whole of the frmt 
even when only a small area was infected Filtrates 
from cultures of the mould on hqmd media also 
possessed a bitter taste An amorphous sohd, similar 
m properties to Iwanoff ’s (1904) bitter prmciple, was 
isolated by ether extraction of the culture filtrate , 
tnchothecm was shown to be one of its prmcipal 
bitter components 

Antibiotic properties of the metabolic products 
While rosems I and IH were devoid of antibiotic 
activity against the test organisms, rosem H 
inhibited the growth of Bacillus aubtilis at a concen 
tration of 6 mg /I It inhibited Mycobacterium phlet 
at 1 81,000, was only shghtly active against M 
tuberculosis and had no effect on M butyncum 

EXPERIMENTAL 

Organisms and cultural conditions 

The organisms used for most of the work m Nobel Division 
were strams of Tnchothecium roseum Link isolated from 
mouldy dead wood, laboratory catalogue numbers F 109 and 
F 227 They are desonbed m detad by Freeman L Mornson 
(19496) The strams used at the London School of Hygiene 
and Tropical Medicme were L S H T M , catalogue number 
BB 106 a, isolated from an apple and identified by Mr G 
Smith m 1946 and L S H T M , catalogue number 96, 
isolated from a tomato by Mrs Marcus m 1947 
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The strains all grew well on Ozapek Do\ agar and beer 
wort agar and rapidly developed the tj’picnl pink conidml 
areas Prehminaty experiments showed that on liquid 
Czapek Dox or Raulm Thom media growth and sporulation 
were slow and sparse Czapek Dox solution (350 ml ) in 
1 L comcal flasks was mooulated with a heavy spore suspen 
Sion and moubated at 24° After 14 daj s, a thin mycelium 
had formed and pink comdial areas began to appear, at this 
stage the culture filtrate stdl contamed approximately 4% 
glucose and its pH was 0 4 After incubation for 31 days the 
mycehum was thm, but well covered ivith spores The pale 
yellow culture filtrate contamed 3 2 % glucose and its pH was 
73 

After monhation for 7 days cultures on Raulm Thom 
solution developed a white mveebum which had a tendency 
to sink below the surface of the liquid Weak and patchy 
sporulation appeared after 24 days 

Czapek Dox medium, which was enriched by the addition 
of 1% com steep hquor (60% total sohds), sustamed more 
rapid and abundant growth and spore formation Czapek 
Dox solution (360 ml ) + com steep liquor (3 6 ml ) m 1 1 
comcal flasks was mooulated with a heavy spore suspension 
and mcuhated at 24° After C days a tluck mycehum had 
formed and spore formation was begmnmg After 14 days 
the mycehum was completely covered bj' pink comdial areas 
The cultures were harvested after moubation for 21 days, 
when the pale yellow culture filtrate contained 0 7% 
glucose and its pH was 7 6 

3^ culture medium used m Nobel Division was based on 
the Czapek Dox formula m which NaNO, was replaced by the 
eqmvalent quantity of ammomum tartrate and with the 
admfaon of 1% com steep hquor The medium used at 
HS H T iL was Czapek Dox solution with the addition of 
1 % com steep hquor 


Isolation of roseins I and II 
Hobd Division method 


^tin I The medium used contamed ammomm 
tartrate (2 g ), MgSO, 7H,0 (0 5 g ), K^HPO, (1 0 g ), H( 


(0 6 g ), FcSO| 7H,0 (0 01 g ), crude commercial glucose 
(60 g ), com steep liquor (10 ml ) in water to 1 1 It was 
based on Czapok’s formula (as modified by Dox, 1910), m 
which ammonium tartrate was substituted for NaNO, and 
com stoop liquor was added as a supplementary nutnent 
Cmdo commercial glucose (‘glucose chips’) aas found to be 
a satisfactory source of sugar 

The medium (300 ml ) m ‘Glaxo’ bottles was stenhzed 
by autoclaving The reaction was adjusted to pH 6 0 The 
bottles were moculnted mth a heavy spore suspension and 
incubated at 26° for 28 days m darkness 

The mycehum (stram F 109) was harvested and separated 
from the culture flmd by filtration through fluted filter 
paper, washed with cold water and dried m a current of air 
at 20° Air dried, powdered mycelium (169 2 g from 161 of 
medium) was extracted three times under reflux for 0 5 hr 
with boilmg CHCl, (600 mL) The combmed extracts were 
concentrated, yieldmg an orange yellow oilyresidue (36 3 g , 
22 8% of mycehum) The residue was treated with hght 
petroleum (b p 00-80°, 260 ml ) and a orystaUme precipitate 
of crude rosem I (6 68 g, 413% of mycehum) slowly 
formed The precipitate was collected, washed with hght 
petroleum and extracted with cold ether The mother 
hquor {A) and the ether extract (B) were retamed The crude 
rosem I was dissolved m CHCl, (6 ml ) and the solution 
passed through a column (20 x 1 6 cm ) of activated alumma 
m CHCl, The solvent was evaporated from the eluate and 
the residue (6 18 g ) was dissolved m the mini m um volume of 
CHCl, (6 mL) and diluted with ether (30 ml) Shghtly 
impure rosem I (m p 206°, 4 63 g ) crystallized out The pure 
substance was obtamed after one reoiystallization from 
ethanol (4 11 g , 2 68 % of mycehum, m p 210°) m the form 
of colourless tetrahedra 

Rosem II The mother hquor (A), oonsistmg mainly of a 
solution of hpids m hght petroleum, was evaporated to 
dryness and the orange coloured residue (29 71 g ) extracted 
for a few rmnutes with boilmg 76% (v/v) aqueous ethanol 
(100 ml ) The extract was cooled, shaken with hght petro 
leum (b p 60-80°, 30 mL) and the ethanol layer separated 
and combined with the ether extract (B) On evaporation of 


Extract (36 3 g ) 

I Dilute with 2 vol hght petro 
leum (b p 60-80°) 


Dry mycehum (159 2 g ) 

I Extract with boiling CHCl, 


^stallme precipitate 
Crude rosem I (6 68 g ) 

I Purify by chromatographic ad 
1 sorption from CHCl, solution 
M alumma and recrystalhze 
from ethanol 


Rosem I (4 11 g, 2 68%), 

m p 210° 


Residue 
Lipid mixture (26 6 g , 16 6 %) 


Residual mycehum 

I Extract with boihng ethanol 


Mamutol, m p 166° 
(yield, 0 16-0 30/0) 


Mother hquor (A) 

Extract with 76% (v/v) 
ethanol 


Extract (2 60) g 

Punfy by chromatographic ad 
sorption from ether on alumma 
and reaystallize from hght 
petroleum and 60% (v/v) 
ethanol 

Rosem 11 
(2 01g, 120%), mp 186° 


Fig 1 Isolation of rosems I and II from mycehum 
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the combined ethanol and ether solutions nearly to dryness 
crude rosem 11 crystalhzed (2 60 g ) It was dissolved m 
CHCI3, boded with a little activate charcoal and filtered 
The residue, formed on evaporation of the filtrate, was 
recrystalhzed first from hght petroleum (b p 00-80°) and 
then from 60% (v/v) aqueous ethanol giving pure rosem II 
(2 01 g , 1 26% of mycehum, m p 186°) m the form of 
colourless fibrous needles Passage of an ether solution 
through a column of activated alnimna was used m punfl 
cation of some batches of crude rosem II 

The residue remainmg after isolation of rosems I and II 
consisted mainly of a mixture of hpids, partially crystalhne 
at 20° 

The fiiactionation of the mycehal products is summarized 
m Fig 1 

London School of Hygiene and Tropical Medicine 

method 

In several expenments 1 1 comcal flasks (60), each con 
tammg Czapek Dox solution (360 ml ) and com steep hquor 
(3 6 ml ) were mooulated and mcubated for 21-26 days at 
24° At the end of this penod the metabohsm solution was 
separated from the mycehum by filtration and the latter well 
pressed, washed with water, dried in vacuo at 36° and finally 
ground to a fine powder The yield from 60 flasks was 
200-210 g dry mycehum 

The culture filtrate was a clear, pale yellow hqmd, pH 7 6 
It contamed 0 6-0 7 % residual glucose It gave no reaction 
with FeCl, The solution had an mtensely bitter taste After 
ooohng to 6° for 24 hr , small amounts (0 1-0 2 g from 17 1 ) 
of colourless crystals had separated They were filtered off, 
washed with water and dned »n vacuo The crystallme pro 
duct consisted of a mixture of needles and tetrahedra 
identical with specimens of rosems I and II isolated from the 
mycehum 

The culture filtrate was three times extracted with J vol of 
ether The extract was filtered through a dry filter, evaporated 
to small volume, and then allowed to evaporate slowly Small 
amonnt8(0 1-0 2g lofthesamemixtureofcrystalsseparated 
They were filtered off, washed with a httle ether and dried 
in vacuo The filtrate on evaporation to dryness gave an 
amorphous, buff coloured powder (2 g ), having an intensely 
bitter taste The product was shghtly soluble m water, 
soluble m dilute NaOH givmg a frothy solution and soluble 
m ethanol, acetone and ether 

Isolation and separation of metabdhcproductsfrom mycelium 
The dried, powdered mycehum was extracted m a Soxhlet 
extractor with hght petroleum (b p 40-60°) After 3—4 hr 
colourless crystals began to appear m the receiver After 
7 hr the extract was yellow and had a strong smell of a fatty 
or oily character At this stage the receiver was changed and 
extraction contmued for four to five periods of 7 hr The 
extracts were separately concentrated to small volume, kept 
at 0° for 16 hr and the crystaUme deposit filtered off, washed 
well with cold hght petroleum and dried in vacuo The 
product consisted of varying mixtures of colourless needles 
and tetrahedra On evaporation of the oombmed mother 
hquors to small volume a further crop of crystals was o btamed, 

A typical extraction of diy mycehum (42 g ) gave from 
successive 7 hr extractions 0 8 g crystals, mainly needles, 

0 3 g crystals, a mixture, 0 1 g crystals, mainly tetrahedra, 
and 0 06 g crystals, mamly tetrahedra (total 1 26 g , 2 98 % 
of mycehum) The average yield, throughout the work, of 
the mixed crystaUme product was 2-3 % of the dry mycehum. 
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equivalent to 0 3-0 4g /I of culture medium The final mother 
liquors of the crystalhne products, when freed from solvent, 
were semi solid yellow oils 

The mixed ciystalhne product was separated mto its 
components by extraction with cold ethanol m which 
rosem II was readily soluble, whilst rosem I was only shghtly 
soluble The mixture (2 85 g ) was suspended m ethanol 
(30 ml ) and stirred for 2 mm at room temperature The 
colourless extract was filtered off and the insoluble residue 
washed with two 6 ml portions of ethanol The insoluble 
fraction was dried in lacuo , it consisted of rosem I, colourless 
tetrahedra (1 67 g , m p 210°) 

The ethanohc mother hquor and washings of rosem I were 
combmed, warmed to 60° and diluted with an equal volume 
of water at 60° On coohng, colourless needles of rosem H 
separated After standmg at 0° for 16 hr , the product was 
filtered off, washed with ice cold 50% (v/v) aqueous ethanol 
and dned in vacuo Yield of rosem II, 0 8 g , m p 183° The 
meltmg pomt of tho product was raised to 186° on recrystal 
hzation from toluene 

The mother hquor of rosem II was freed from ethanol by 
evaporation and cooled to 0° for 16 hr A deposit (0 3 g ) of 
a mixture of rosems I and II separated and was worked up 
with a subsequent batch The mitial crystaUme mixture 
contamed approximate!}’ two parts of rosem I and one part 
of rosem n 

Isolation of rosem III from culture filtrate 

Kosem IH was not obtamed from the mycehum It was 
extracted, together with tnehotheem and smaU amounts of 
rosems I and II, by CHCljfrom the culture filtrate (strain 227) 
and isolated by the foUowmg procedure 

The culture filtrate m lots of 1 1 was twice extracted with 
CHCn, (200 ml ) The combmed extracts were evaporated to 
dryness under reduced pressure and the dned extract from 
80 1 of culture filtrate was obtamed as a brown gummy sohd 
(21 23 g ) The latter was dissolved m CHCI3 (20 ml ) and the 
solution diluted with ether (460 ml ) The resultant preoipi 
tate was rejected and the supernatant solution evaporated 
to dryness The residue was redissolved m CHCl, (20 ml ) and 
the solution diluted with hght petroleum (b p 60-80°, 
460ml ) Thegummypreoipitatewhiohformedwasseparated 
by decantation, redissolved m CHCl, (10 ml^ and repreoipi 
tated by addition of hght petroleum as above The extracts 
were combmed and on evaporation to dryness gave 11 65 g 
of on amorphous residue [A) The precipitate (B, 7 68 g ) was 
dissolved m 60 % (v/v) CClj/CHCl, mixture and fractionated 
ohromatogTophically on an alumma column (30 x 3 8 cm ) 
which was developed with a mix ture of Cd, and CHCl, The 
eluate was collected m 60 ml fractions, which after evapora 
tion of the solvent were treated with a httle ether The 
crystalhne fractions were combmed (4 72 g ) and dissolved 
m a httle CHCl, On addition of ether, rosem HI oiystalhzed 
out The pure compound (3 68 g , m p 221°) was obtamed 
after reorystalhzation from toluene ns colourless plates 

The petroleum ether soluble portion (A, 1165 g) con 
taming tnehotheem was dissolved m ether and fractionated 
chromatographicaUy on an activated alumma column The 
eluate was collected m 100 ml firaotions, the first three of 
which contamed the bulk of the tnehotheem. After evapora 
tion of the solvent (ether) the fractions were dissolved m 
hght petroleum (b p 60-80°) containmg 6 % (v/v) of CHCl, 
After standmg at 6° for 16 hr , fraction II gave a mystallme 
deposit of rosem I (0 26 g ) and fraction Hi gave rosem H 
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(0 11 g ) Alter separation of these crystalline precipitates, 
the combined mother liqnors ivere used for preparation of 
tnchothecin Fractions IV, V, VI and VTI gave crystalline 
deposits of crude rosem HI, totaUmg 2 11 g The pure 
product (m p 221°) was obtamed on recrystalhzation 
It was found to be most convement and efficient to separate 
the fractions of {A) which were free from tnchothecin (as 
determmed by antifungal tests) and combine them with (B), 
for chromatographic punflcation of rosem HI, us shown m 
Fig 2 The total yield of rosem III was about 00 mg /L of 
culture filtrate 


m CHClj (c, 1) Nitrogen, halogens and sulphur were 
absent {Found (Weiler and Strauss) C, 76 4, 76 4, H, 8 9, 
8 8, mol wt (crvoseopic m benzene), 302, (East), 316 
motboxyl, nil, active hydrogen, lul requires 

C, 76 6, H, 8 6%, mol wt 302 ) 

Eosem I dissolved in cone to give a pale orange 

yellow solution The compound gave no colour reactions for 
sterols A solution m aqueous ethanol was neutral, gave no 
reaction with FeClj and did not reduce Fehbng solution or 
ToUens ammomacal AgNOj reagent Here was no reaction 
with Br. m CClj An acetone solution of KMnOi slowly 


Culture filtrate (80 1 ) 

1 CHClj c’ctraction 

r — ' 1 

Extract (21 23 g ) Besidual liquor rejected 

I Dissolved m CHCl, (20 ml ), 

I treated with ether (460 ml ) 


Extract Precipitate rejected 

Evaporated to dryness, residue 
dissolved m CHCl, (20 ml ) and 
treated with light petroleum 
(b p 00-80°) (450 ml ) 


Extract 


— I 

Precipitate 

Dissolved m CHClj (10 ml ) and 
treated with light petroleum 
(400 ml ) 


Extract Precipitate (7 08 g ) (B) 

— I 

Comhmed extracts (11 66 g ) (A) 

I Chromatograph^ m ether solu 
I tion on activated alumma 


Antifungal fractions 

j Further fractionation 

Tnehotheem, m p 118° (4 g ) 


Fractions fi:ee from antifunga 
activity (2 11 g ) 

I 

Combmed fractions (9 79 g ) 
dissolved m 60% (v/v) CClj/ 
CHCI, and chromatographed 
on alumina Bluate collected 
m 100 mL firaotiona Solvent 
evaporated and residue treated 
with ether (6 ml ) 


CiystaUme fractions 
Crude rosem HI 
EecrystaUized from mixture of 
CHClj and ether and from 
warm toluene 

Eosem IH, m p 221° (4 9 g ) 

Fig 2 Isolation of rosem HI 


Bfoperttes and reactions of metabolic products 
Eoseiji I 

^ CTJ^Uized from hot ethanol m colourless tetrs 
andwMf 7‘™«»»day soluble m CHCl, or aceton 
or ethT^rU®*^'^ benzene, slightly soluble m ethe 

practicall^ slightly soluble m cold light petroleum an' 
Praoti^Uy insoluble m water, cold dilute NaOH and dilut 

^ opticaUy active [a]’^ - 112 6°, [a]“,j - 140 


decolorized at room temperature Alkalme KAInO, was not 
decolorized at room temperature, but was rapidly decolorized 
on warming Eosem I gave no benzoyl derivative on treat 
ment with benzoyl chloride and pyndme 

Rosetn I 2 i-diniirophenylhpdrazone Eosem I (100 mg ) 
was dissolved m glacial acetic acid (6 ml ) and mixed with 
2 4-dmitrophenylhydmzme (160 mg ) m glacial acetic acid 
(10 ml ) After 18 hr , the mixture was diluted with 2'V HCl 
and the ciystallme precipitate filtered ofi” and washed first 
with 2ir HCl and then with water until neutral The crude 
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product ( 147 mg ) was dissolvedm CCI4 and purified chromato 
graphically on activated alununa The mam band and several 
minor bands were developed and eluted by gradually 
mcreasmg the proportion of CHCl, m the solvent The mam 
fraction (120 mg ) crystallized fiom aqueous ethanol m the 
form of yellow needles, m p 239° 

The same product was ohtamed by treatment of rosem I 
(100 mg ) m absolute ethanol with 1 6 ml Brady reagent 
(1 g 2 4 dmitrophenylhydrazme m 2 ml cone H^04 and 
16 ml ethanol) Yellow needles began to crystallize after 
30 min , and the product was collected after 20 hr at room 
temperature The hydrazone m ethanoho solution gave an 
mtense red colour with strong alkah (Found 0,62 7,62 3, 
H, 6 3, 6 3, N 11 3, 12 6 CnHjoO.Ni requires C, 62 2, H, 
6 2, N, 11 6%) 

Rosem I oxtme Bosem I (100 mg ) dissolved m warm 
ethanol (6 mL) was treated with hydroxylanune hydro 
chloride (30 mg ) and anhydrous sodium acetate (200 mg ) 
The mixture was kept at 60° for 1 hr and most of the ethanol 
distilled off The residue was diluted with water and extracted 
with ether The extract was washed with water, dned over 
NajSOj and evaporated to dryness The residue (96 mg ) was 
recrystaUized ftom aqueous ethanol and formed colourless 
prisms, mp 215° (Pound C, 71 7, H, 8 6, N, 4 3, 4 6 
Ci,Hj,OjN requires C, 71 9, H, 8 6, N, 4 4% ) 

isoiJosein I Bosem I (220 8 mg ) was heated under reflux 
for 6 hr with 0 In ethanohe KOH (20 ml ) The solution 
was cooled, diluted with water and titrated with 0 1 n HCl 
(Found 220 8 mg rosem I eqmv to 7 66 ml 0 In HCl, 
saponification value, 292 (theory, 302) ) The bulk of the 
ethanol was diatiUed off and the residue made acid to Congo 
redmdicatorbyadditionofcono HCl The resultant colourless 
precipitate wasextracted with ether The extract crystaUized 
slowly on evaporation of the solvent givmg colourless 
crystalhne isorosem I (190 mg , 86 1 % yield) TTie product 
was recrystaUized fixim hght petroleum (b p 60-80°) and 
then from 60% (v/v) aqpeous ethanol m the form of colour 
less prisms, m p 144° tsoBosem I was readily soluble in 
cold ethanol, ether, CHClj, acetone and benzene, ahghtly 
soluble m hght petroleum and insoluble m water It dis 
solved slowly m hot 2n NaOH No precipitate appeared on 
coohng On addition to the cold alkalme solution of an equal 
volume of phosphate buffer, pH 6, no precipitate appeared 
On acidifymg with 2n HCl, isorosem I, m p 143°, crystal 
hzed It did not dissolve m NaHCOj solution and had no 
acidic propertiea (Found C, 76 7, 76 4, H, 8 6, 8 9, mol 
wt (cryosoopio m benzene), 280 CuHmOj requires C, 76 6, 
H, 8 6%, mol wt 302 ) [a]5j^j+40° (c, 1 m ethanol) 
tsoBosem I did not react with hydroxylamme or with 
2 4 dmitrophenylhydrazme 

Monobenzoyl isorosem I isoBosein I (200 mg ), dissolved 
m pyndme (5 mL), was treated with benzoyl chloride 
(600 mg ) After standing at 20° for several days, the mixture 
was poured into ice cold dilute HCl and extracted with ether 
The extract was washed first with water, then with dilute 
NaOH and finally with water untd neutraL On evaporation 
of the solvent, the residue crystallized slowly It was 
decolorized by solution m ether and passage through a 
column of activated alumma EecrystaUizationfirom aqueous 
ethanol gave colourless needles of monobenzoyl isorosem I, 
mp 169° (180 mg) (Found C, 75 7, H, 7 6 CjbHtoO, 
requires C, 76 9, H, 7 4 % ) 

Hydrolysis of monobenzoyl isorosem J Monobenzoyl iso 
osem I (81 mg ) was dissolved m ethanol (10 ml ) and 
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heated under reflux with 0 In KOH (10 ml ) Titration with 

0 In HCI showed that roughly 2 eqmv of alkah had been 
taken up, which was m accordance with the hypothesis that 

1 eqmv was taken up m hydrol3^is of the benzoate and 
1 eqmv m hydrolysis of a lactone nng The solution was 
made acid to congo red and allowed to stand for 24 hr 
A shght excess of NnHCO, was then added and the solution 
extracted with ether The extract was washed with water, 
dned over NaiSO^ and the solvent evaporated off The 
crystalhne residue was recrystaUized from ethanol givmg 
colourless crystals, m p 213-214°, m msufiicient quantity 
for analysis 

Permanganate oxidation of rosem I Bosem I (60 mg ) was 
dissolved m a 1 % solution of KMnO^ m acetone (6 ml) 
After 1 hr the purple colour had disappeared and JlnO, had 
been precipitated A further 5 ml of KMuOb solution was 
added, after standmg for 16 hr the purple colour had agam 
been discharged The MnOj was filtered off, washed weU with 
acetone and dned On evaporating the filtrate and washings, 
rosem I (37 mg ) was recovered The SInOj was twice 
extracted with 10 ml portions of boiling water On acidifi 
cation of the colourless extract with HCl, sheaves of colourless 
needles soon crystaUized out They were coUeoted after 
16 hr at 0°, m p 242° (7 6 mg ) 

In a second expenment, rosem I (60 mg ) was treated with 
I % KAInOj m acetone (26 ml ) After 3 days at room tern 
pemture, the permanganate was nearly deoolonzed and the 
solution was decolorized by passage of SOj The mixture was 
worked up as desenbed above and the same product isolated 
(8 6 mg ) (Found on product dned to constant weight in 
vacuo at 60° C, 68 2, H, 8 1, acid eqmv 6 4 mg required 
0 18 ml 0 In NaOH (cold or hot) givmg eqmv for one 
acidic group, 300 CjjHjjOb requires Q, 68 6, H, 8 6%, 
eqmv 280 ) 

Rosem II 

Bosem H crystallized from hght petroleum (b p 60-80 ), 
toluene or 60 % (v/ v) aqueous ethanol m long fibrous needles, 
m p 186° It was practicaUy insoluble m water and cold 
2 n NaOH, only shghtly soluble m hght petroleum, but 
readily soluble m most other orgamc solvents, such as ether, 
acetone, ethanol and CHClj Its solution m cone HjSOj 
was deep orange yellow There was no reaction with ethanoho 
FeCl, The Salkowski and Liebermann Burohard reactions 
for sterols were negative A solution of rosem H m aqueoM 
ethanol was neutral and had no reducing properties ^ 
dimtrophenylhydrazone could not be prepared Bosem 
was weakly dextrorotatory, [a]“ +5 9° m CHdj (c, 2), 

[a]^Bi +7 6°methanol (c, 1) Nitrogen, sulphur and halogens 

were absent (Found C, 76 2, 76 3, 76 4, H, 9 3, 9 6, 9 3, 

mol wt (Bast) 278, 337, methoxyl, ml, active hydrogen, mi 

Ci.HjjOjreqmres C, 76 0, H, 9 2%, mol wt , 304 ) 

Action of alkali Bosem H (0 16 g ) was dissolvedin ethanol 
(60 mL) and 10 N NaOH (3 ml ) added The clear solution was 
heated under reflux on a steam bath for 2 hr After coohng 
and removing about half the ethanol tn vacito, the so 
vas diluted with water (30 ml ) and acidified with 2 n » 
rosem n (0 136 g , m p 186°) crystallized as colourless 

needles , 

Permanganate oxidation Bosem If (1 008 g ) wm 
solved m a 1 % solution of KMnO, m acetone (200 i^l 
After 16 hr at 25° the purple colour had almost disappeared 
The precipitated MnOj was filtered off, washed we wi 
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aoetone and dned On evaporating the acetone filtrate and 
■washings unchanged rosem 11 (0 3167 g , m p 180 ) -was 

recovered , , , » 

The dried MnO, -was twice extracted with boiling water 
(200 mb) On coohng there -was a small deposit (7 6 mg ) 
from the first aqueous extract The filtrate ■was acidified by 
additionofconc HC1(2 6ml )givmganimmcdiateamorphous 
colourless precipitate of oxidation product (0 2072 g ) The 
latter was crystallized fiom 50% (v/v) aqueous ethanol 
(17 ml ) yielding colourless hexagonal plates (0 098 g , m p 
290°) (Found 0, 04 1, 04 2, H, 8 6, 8 7 Ci.H.,Os requires 
0, 04 6, H, 8 8% ) Acid eqmv 32 0 mg required 2 14 ml 
0 05 n NaOH (hot or cold) m aqueous ethanoho solution 
giving eqmv for one aadio group, 305 (theory 298) 


Rosein III 

Rosem III crystallized firom toluene m colourless plates, 
mp 221° It was only very slightly soluble m water or bght 
petroleum (b p 00-80°), shghtly soluble m ether and readdy 
soluble m CHC1„ or ethanol [a]^ -124° m CHCl, (c, 1) 
Nitrogen, sulphur and halogens wore absent (Found 
C, 72 1, 72 6, 72 6, H, 8 3, 8 6, 8 6, methoxyl, ml, mol wt 
(Hast) 339 requires C, 72 3, H, 8 4, mol wt, 

332) 

In aqueous ethanoho solution, rosem HI was neutral, had 
no reducing properties and gave no reaction ■with FeClj 
On treatment ■with acetic anhydnde m glacial acetio acid, 
the compound (m p 221°) was recovered unchanged 
Rostin III 2 irdimlnphenylhydrazoni Rosem III 
(0 110 g ) m ethanol (2 ml ) was treated ■«!& Brady reagent 
(1 6 ml ) as desenbed above The crude hydrazone (0 167 g ) 
was purified chromategraphically from ether solution on 
activated al umina The mam firaction was crystallized from 
ethanol as yellow fibrous needles (0 107 g , m p 280° 
decomp) (Found C, 60 2, H, 6 2, N, 113 C„H3,0,N, 
requires C, 60 8, H, 6 2, N, 11 0% ) 

isoRojcin III Rosem III (0 6 g ) dissolved m 6 % meth 
anohe KOH (25 ml ) ■was heated under reflux for 4 hr The 
solution was cooled, ddnted ■with water and the methanol 
distilled off in vacuo The residue was acidified with HCl and 
extracted ■with CHCl, The extract wais washed, dried over 
NsjSOj and evaporated almost to dryness The residue was 
a pale yellow syrup which crystallized slowly The crude 
product was reorystalhzed from toluene and obtamed as 
colourless microdrystalhue needles (0 136 g , m p 166°) 
(Found C, 719, H, 8 3, mol wt (Rast) 272 Ce^H^sO^ 
requires C, 72 3, H, 8 4%, mol wt , 332 ) 


Biological 'properties of metabolic products 

Roseins I, H and HI were tested for antibiotic activity 
agamst BaciUus sublilis, Eecbtnchia colt, Staphylococcus 
aureus and PeniciUium dxgitatum The metaboho products in 
0 1 % solution m ethanol were placed m porcelam cylmders 
^bedded m suitable media m Retn dishes, the media ha^ving 
been seeded ■with one of the test organisms The plates were 
exalted for zones of mhibition after 24 hr moubation at 32° 
in t^ encase of the bacterial cultures and moubation for 6 days 
a ^5 for P dtgitaium There was no inhibition of gro^wth 
except that of R subtilis by rosem H, which gave a zone of 
partia inhibition of 2 6 cm diameter In serial dilution tests 
su ti IS grew normally m nutrient broth medium con 

aining ^ 5 mg rosem II/l , but there ■was complete inhibition 
at 6 0 mg /] 

Bioohem 1949, 45 


OF TRIGHOTHEGIUM 

Weak antibactenal activity agamst B subtihs was 
observed in filtrates of cultures of T rostum F 109, grown on 
Czapok Dox medium, by the oyhnder plate techmque at an 
early stage m the work This is now shown to be due to the 
presence of rosem II Ddutions of the culture filtrates ■were 
only feebly actii 0 smee the solubihty of rosem It m water at 
20° does not greatly exceed its hmiting antibactenal con 
ccntration 

The effect of rosem II on the growth of three species of 
acid fast bacteria was mvestigated by Dr A R Martm The 
test against Myco tuberculosis was earned out by mcorpor 
ating the substance m an agar medium and mocnlatmg the 
orgamsm on to the surface After incubation for 14 days the 
organism grew poorly in medium contaming a concentration 
of 1 3000 of rosem 11 and some inhibition -was stdl apparent 
at a concentration of 1 81,000 Myco phlei and Myco 
hulpricum were grown on hqmd media m which rosem II 
had been dispersed and the observations made after men 
bation for 2 days Growth of the former was completely 
inhibited at 1 m 81,000, but normal growth took place at 
1 m 243,000 Normal growth of the latter took place m the 
presence of 1 part rosem 11 in KKK) 

Isolation of tnchothecin as a component of the bitter 
principle of Tnchothecium roseum 
Iwanoff (1904) first reported that the metaboho products 

ofT roseum contamed a very bitter substance This was also 

noticed by the present authors and by Yasue (1948, private 
commimication), but the bitter components have not 
hitherto been characterized 

The culture filtrate from 60 cultures of stram BB 105o 
(17 6 1 ) was three times extracted ■with 2 1 lots of ether On 
evaporation, an amorphous, buff coloured powder (2 g ) of 
intensely bitter taste was obtamed A sample (36 2 mg ) was 
dissolved m ethanol ( 1 ml ) and diluted to 100 ml with water 
givmg an opalescent solution After smtable dilution, the 
solution was assayed for antifungal activity by the Ptnxcilhum 
digitatum spore genmnation techmque which showed that a 
powerful antifungal compound was present The ether 
extract (1 48 g ) was fractionated by the method described 
by Freeman & Morrison (1949o) for the isolation of tncho 
theem The combmed hght petroleum (b p 60-80°) extracts 
(0 80 g ) ■were dissolved m ether (10 mk) and fractionated on 
a colimn of activated alumina (26 x 2 0 cm ) The (tomato 
gram was developed with ether and the eluate coUected in 
100 mk fractions These were evaporated to dryness^d 
treated -with light petroleum containing 6% (-v/v) OHU, 
(6 ml ) Fraction 2 gave crystalhne tnchotheom (57 6 mg ), 
mp and mixed mp 118° Fractions 6 + 6 gave crystalhne 

rosem 11 (14 2 mg ), m p 186° 

The fraction insoluble m light petroleum was firactionated 
as described m the preparation of rosem IH, but only tocM 
of unoharaotenzed crystalhne fractions were obtamed No 
rosem m was detected 

Tastmg teste by four mdependent observers showed that 
the water insoluble compounds, roseins I and H, were 
tasteless, rosem HI was shghtly bitter, and tnchothec n and 
Motnehotheom (hitherto referred to as the alkalme hydrolysis 
product of tnehotheem by Freeman & Mornson, 1949 a) ■were 

very bitter , , 

The a^vadable emdence suggests that tnehotheem is 
responsible for part, at least, of the bitter taste ofT roseum 
culture filtrates and the bitterness of frmts attacked by the 
•fnn g na 
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Carbon balance of metabolic products of 

Tnchotheoium rosemn 

In order to determine whether tnchotheom and roaeina I, 
n and ill, isolated m yields of 60, 3, 1 and 61 mg /I respeo 
tively from modified Czapek Dox medium, represented the 
mam soluble metabohc products of T roseum, partial carbon 
balance sheets of four strams grown on Czapek Dox medium 
were prepared The results (Table 1) showed that of the 
carbon m the mitial glucose, 7-16 % remamed m the culture 
filtrate m the form of non volatile components other than 
glucose and 11-18 % was found m the mycehum There was 
no production of acidic substances as shown by a steady rise 
of pH durmg mcubation, untd a final value of pH 7-9 was 
reached. The observations were based on the bulked filtrates 
from two ‘Glaxo’ bottle cultures (360 ml ), of each stram, 
which were dduted to 1 1 for analysis , mitial pH 6 6 Portions 
(100 ml ) of the diluted filtrates were twice extracted with 
CHCI 3 (60 ml ), the aqueous fraction freed from CHd, by 
evaporation and carbon determmed by the wet combustion 
method of Houghton (1946) The carbon extracted from the 
culture filtrate by CHCl, represented less than half of the 
non volatile carbon of the metabohc products The carbon 
accounted for by the four known metabohc products, 
1 e 81 mg fl of the culture filtrate, was small compared with 
the total CHdj soluble carbon of the filtrate (mean for the 
four strains, 792 mg /I ) and it is clear that the greater part 
of the soluble metabohc products of the fungus remam to be 
identified 

The carbon balance of a culture of T rostum {Cephalo 
thecxum rosmm Corda) was determined by Bukinahaw, 
Charles, Hethermgton L Raistnok (1931) It was shown 
that ‘ this species grew well on Czapek Dox solution, but was 
only able to metabolize very slowly the glucose suppbed, 
smce, even after 67 days, only about 66 % of the glucose had 
been utilized’ The fungus was shown to have a respiration 
ooefScient of 1 19 

Properties of the lipids 

The CHCI3 extract of the mycehum consisted mamly of a 
hqmd mixture of esters, which amounted to 20 % of the 
weight of the dry mycehum The crude od, dark brown m 
colour, was decolorized by passage through a column of 
charcoal The almost colourless filtrate was hqmd at 20” 
and crystallized partially below 16° It had the followmg 
constants saponification value, 194, lodme value, 67 

After saponification, the fatty acids were separated mto 
saturated and unsaturated fractions by the lead salt method 
(Twitchell, 1921) The mixed fatty acids (161 g ) yielded 
47 g (31 %) of saturated and 96 g (63 %) of unsaturated 
acids The latter contamed a small proportion of Imoleic 
acid, but no Imolemc acid was detected The maj or component 
was probably oleic acid, A portion of the unsaturated amds 
(0 6 g ) was dissolved m CHClj and excess bromme added 
When the reaction was complete, the excess bromme and 
CHCl, were distilled off The residue was completely soluble 
m ether mdicatmg the absence of Imolemc acid After dis 
filiation of the ether, the residue was dissolved m hot fight 
petroleum (b p 60—80°) On cooling colourless needles of 
Imoleio acid tetrabromide (0 05 g ) separated Reciystal 
hzation fixim fight petroleum gave soft needles, m p 116° 
(literature value m p 114 ^ 115 °) 
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SUMMARY 

1 The isolatioa and properties of rosems I and 
n fiom the mycelium of Tnchothecium roscurn and of 
rosem HI fiom the culture filtrate are described 

2 Rosem I, colourless tetrahedra, m p 210°, 
[a]j — 112 6 m chloroform (c, 1) has the molecular 
formula C19H15O3 It is a neutral ketone, ivluch 
reacted with one eqmvalent of hot ethanohc alkah 
and yielded a lactone, worosem I, m p 144°, on 
acidification The latter has an hj'dro-^yl but no 
ketomc group On oxidation with potassium 
permanganate, rosem I gave a monobasic acid, 
CisHjiOi-nip 242° 

3 Rosem II, CnHjjOj, crystallized m colourless 
fibrous needles, m p 186°, [a]^ + 6 9° m cliloroform 
(c, 2) It has no ketomc or hydroxyl groups, but its 
properties correspond to those of a lactone Oxida 
tion with potassium permanganate gave a monobasic 
aoid, CjglljjOg, m p 296° 

4 Rosem in, CjgHigOj, crystallized from toluene 
m colourless plates, mp 221°, [a]" -124°mchloro 
form (c, 1) It was a neutral ketone winch, on 
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treatment with hot alkali, yielded worosem ITT , 
mp 166° 

6 Rosem II mliibited growth of BaciUus subtths 
at 6 p p m It was shghtly active against Myco- 
hactcnum tuberculosis, mhibited Myco phlei at 1 m 
81,000 and had no effect on Myco butyncuin at 1 m 
1000 Roseins I and III had no effect on three test 
bacteria and on Pemcilhum digitatum 

6 The bitter prmciple of Tnchothecium roseuni 
observed by Iwanoff (1904), and others has been 
shorni to eontam trichothecm 

One of U8 (S E M ) wishes to acknowledge a grant from the 
Therapeutto Research Corporation of Great Bntam Ltd., by 
which the work at the London School of Hygene and Tropical 
Medicine was supported The authors are grateful to Prof 
H Raistnck, F R S , for his mtcrest and encouragement 

Note added tn proof A paper has recently appeared by 
Robertson, A., Smithies, W R A Tittensor, E {J chem 
Soc 1049, p 879) descnbmg the isolation of rosenonolactone 
and rosonolactone from Trtcholhccium roseum Link It 
appears probable that these two substances are identical 
with roseins I and n respectively 


METABOLIC PRODUCTS OP TRICHOTHEGIUM 


REFERENCES 


Birkmshaw, J H , Charles, J H V , Hethenngton, A. C & 
Raistnck, H (1931) Philos Trans B, 220, 99 
Bomng, K. (1933) Phytopath Z 6, 113 
Brian, P W & Hemnung, H G (1947) J gen iltcrobwl 

Z) lu8 

Dos, A W (1910) Bull U S Bur Anim hid no 120 
Washington Government Pnnting OfiBce 
Freeman, G Q A Momson, R I (1948) Biochem J 43, 
xim 

Freeman, G G A Momson, R I (1949o) Biochem d 44,1 


Freeman G G A Momson, R I (19496) J gen Microbiol 
3, CO 

Greaney, F J A Machacek, J E (1935) Sci Agric 16, 
377 

Houghton, A A (1945) Analysl, 70, 118 
Iwanoff, K S (1904) Z PflKranlh 14, 36 
Koch, L W (1934) Sci Agrie 16, 80 
Jlichael, S E (1948) Biochem J 43, xxiv 
TwitcheU, E (1921) Industr Engng Chem 13, 806 
Whetzel, H H (1909) Ont nal Sci Bull 6 , 3 


Acid -soluble Pigments of Molluscan Shells 

2 PIGMENTS OTHER THAN PORPHYRINS 


B\ A COMFORT, Department of Physiology, The London Hospital Medical GoUege 


{Received 18 November 1948) 


Die object of the study described m this paper v 

1 en ifpossible, the acid soluble shell pigmei 
winch accompany sheU porphyrins m several grov 
ofmannemoUuscs (Comfort, 1948, 1949a) or wK 
cZZ. ? " ^ examme th 

tebuTion^?^V phylogenetic d 

niiTTv. i concentrated on the si 

® Senus Pinctada, m the he 

pigmei^te ■■ soluble molluscan si 


Previous work on sheU pigments contains de 
scnptions of a number of substances, but no clear 
picture of them chemical and phylogenetic re 
lationships Lmear tetrapyrroles are known to 
occur m shells (Knikenberg, 1883 , Schultz, 1904) 
Tixier (1947) isolated a number of fractions by 
chromatography of acid methanol extracts of Turbo 
regenfusai and T marmoratus, and identified the 
rnmn crystaUizable sheU pigment as a glaucobUm 
(Turboglaucobilm) Dhdrd & Baumeler (1929) 
regarded the red pigment of Hahotis refuscens as a 
pyrrole derivative The blue pigment of H cali- 
forniensis heis been variously described as an mdigoid 
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and as a tetrapyrrole (Kxukenberg, 1883, Schultz, 
1904, 1931 , Kodzuka, 1921 , Schultz & Becker, 1931 , 
Lemberg, 1931), its mvestigation will form the 
subject of a separate paper The pigments described 
below appear to be distmot both from the known 
mdigoids and from the bde pigments 

EXPERIMENTAL 

Extraction Coarsely broken shell was macerated for 
12-24 hr at room temperature with cone HCl, or with 
33 % (v/v) aqueous HjPOj (sp gr 1 76 diluted 1 m 3) 
Ootanol was added to prevent frothmg When extraction was 
complete, the coloured solutions were filtered through 
cellulose wool, and the pigments separated hy ohromato 
graphy 

Chromatography This was earned out directly from 
aqueous acid solution, with talc as the adsorbent Tale of 
normal pharmaceutical quahty was shaken with 3 n HCl and 
poured through a funnel containmg glass beads mto tubes, 
the lower ends of which were plugged with cotton wool 
supported on hollow oerarmo insulators The columns were 
then packed by suction, with frequent tappmg to expel 
bubbles 

The solutions for chromatography were adjusted by 
dilution to an acidity of N to 2 6 n HCl, and passed through 
the columns under suction Under these conditions the 
porphyrins tend to form a sharp zone, detectable by ultra 
violet fluorescence, close to the top of the column The con 
oomitant pigments falling below this zone were eluted with 
moreaamg strengths of acetone m 2 n HCl or HjPO^ 

The adsorptive power of different samples of tale varied, 
and results given m this paper refer to a smgle batch of 
known behaviour Increase m the acidity of the solvent 
above 2 ir HCl produced blurrmg of the zones, and, with some 
extracts, reversal of the order of adsorption 

Spectroscopy Visible absorption bands were measured 
with a Hartndge reversion spectroscope All wave lengths 
are stated mmp 

RESULTS 

Distribution 

The distribution of non porpbyrm acid soluble 
shell pigments closely follows that of the porphyrins 
In general, the pigments of higher molluscs cannot be 
separated from the conchiohn of the shell They 
appear to be cliromoprotems Absorption spectra 
obtamed by trans dliiminatmg the shell give no 
clue to the nature of the chromophore 

Acid soluble pigments occur m, and account for 
the colour of, most archaeogastropod shells, the 
pearl mussels, the purple Anomudae such as 
Placuna and the tectibranch opisthobranohs In the 
archaeogastropods then* range is wider tlian that of 
the shell porphyrins, smee they occur m the por- 
pfajerm free species of Trocludae, m the Turbundae 
and m Halwtis The red pigment of recent Pleuroto 
maria, wluch could not be obtamed for extraction 
on account of them rarity, is probably also acid 
soluble 


Comparison of chromatograms 

The chromatograms of a number of pearl mussel 
shell extracts show a close general similarity In 
several species the lowest major pigment band was 
pmk, the second blue and the thmd violet In these 
extracts the porphyrm fraction, varymg m colour 
from violet to brown, appeared higher on the 
column than the non porphyrm pigments 

Prehmmary study of the chromatograms of 
extracts of archaeogastropod shells shows a greater 
diversity of patterns Chromatograms of species of 
Fissurella, Trochus, and Glancnlus, contamed pig- 
ment bands similar m appearance and sequence to 
those of the bivalves, but lack of material prevented 
further study of these forms 

In aU forms, quantitative variation m the bands 
was marked, and the chromatograms of pooled 
extracts differed from those of smgle specimens 
This variation was particularly marked m Pinctada 
vulgaris 

In the foUowmg protocols, typical chromatograms 
of several forms are described m detail The species 
of Haliotis and Turbo are mcluded for comparison 
with the bivalves, smee they contam pigments which 
have been studied by other workers 

CHROMATOGRAPHY OF SHELL EXTRACTS 
Pinctada vulgans 

Six valves were broken and macerated overnight m a mixture 
of 170 ml HjPOj (sp gr 1 76) and 430 ml water The port- 
wme coloured extract was filtered and chromatographed on 
a column of talc, 20 x 3 cm The undeveloped chromatogram 
showed the foUowmg bands (Fig 1) 

Width (mm ) 

3 
3 
3 

® I red fluorescence 

6 
16 
6 

3 movmg down 

Band 1 was eluted by further addition of solvent Bands 2 
and 4 were removed by approx 3% (v/v) acetone m 33% 
aqueous HjPO, as a smgle pmk, non fluorescent fraction 
(absorption bands 646, 497 m/x ) Band 3 movmg down 
divided mto two, a lower purple and an upper mdigo blue 
(3a), both showmg pmk fluorescence The fraction contammg 
these bands gave absorption maxima at 693, 495, 466 mp. m 
N HCl The brown band contammg most of the porphyrm, 
aocompamed by a non fluorescent brown band, and another 
non fluorescent purple band, not separable on the column, 
was eluted with 30 % (v/v) ocetone m acid, the mixed eluate 
givmg absorption bands at 693, 672, 660 (mtense), 491 6 
(famt), 467 mp. 

Rediromatography of porphyrm fractions The porphyrm 
fraction was warmed and the acetone removed by a current 


Band no 


6 

4 

3 

2 

1 


(Top) 

Yellow 

Grey 

Ochre 

Brown 

Pink 

Blue 

Pmk 

Blank 

Purple 
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of air The solution iras passed through a tale column 
10 X 0 76 om , giving four zones, firom above 3 ellow, pmk 
(strong fluorescence), yellow.hlue green The two lower bands 
were removed by development with 1% pyndme m 33% 
HjPOj, and the remamder by 10% (v/v) aqueous pyndme 
The second elnate was diluted with twice its volume of water 
and agam chromatographed, giving a wide pink zone Traces 
of green pigment passed out m the solvent The column was 
developed with aqueous acetone (1 part m 0 parts of water) 



Fig 1 Chromatogram on talo of acid ertract of Pindada 
vulgam sheUa (crude extract, see p 200) 


larger proportions of the 3--3a firaotion, having a strong 
fluorescence both on the column and in solution Spectro 
scopy of these fractions in the ultraviolet showed no Soret 


o 

m 



Wave length (rqu) 


Fig 2 Spectral absorption (m N HCl acetone) of lower 
pigment iractiona from chromatograms of shell extracts 
(Beokmann spectrophotometer) o — 0 — o, Pxnctada vul 
gans, x — x — x , Malltus regula 


A wide porphyrm baud passed down, leaving another, 
equaUy fluorescent but pinker, to be removed by 90% 
spectra of these fractions differed 
9 spectra became identical on addition of excess 

3n HQ upper band— 624, (606 6), 690-568, 636, 490 m/i , 

addition of cone HCl 
w both fractions, the spectra became identical 694, 674 

650 mja Both solutions were clear violet m colour 

Utchrom^ography of non-porphynn fractions Fraction 1 
WM adsorbed a small (10 x 1 cm ) column, and eluted with 

on re.<i.orpli<,n, 

manifestly complex on the first 
coS^’ ““^“^tographed on a 10 x 1 cm 

nanT mH.f M band and a 

aoi7al^^? development with 

aqueous H.PoTtte nSb“®^® 

Wder Wn„ ’ *“® F^l® I'and could be seen to overbe a 

SuS “O'' “ 

atrone red ^ a very 

but this^ e«drt“°',1 appearand? 

a cl^™ ^ tWuate, 

isolation and af^!! fluorescent both on 

3 ml of Stf 1° “1- ®®“® HCl to about 

max. 600 mu 60^78°'^®^ 607^98 mp 

“P- max 602 mu 

20% (v/v) H,Po"anTu7“''f ®®®‘®“® “ 

It showed a smglefamt ad'*^ ® Avo^ band was recovered 
Subsequent ertra!^^*^ adsorption band about 600 mp. 

material especially amounts of 

y re-eitraota and dregs of spent sheU, gave 


band at a cell depth of 0 26 om , but a trace ( A =406 lap.) at 
1 om , msuffioient to account for the colour of the firaotion 
The inequabty of these results and the lack of relation 
between colour and fluorescence m successive specimens 
suggest that the porph3rrm component is distmot from the 
mam 3-3o pigment 

Preparation of pigment fractions In the isolation of larger 
quantities of material from P vulgans a somewhat different 



Fig 3 Chromatogram on talo of aoid extract of Pinclada 
vulgans shells (partially purified , see text 

teohmque was used. Coarsely ground shells (600 g ) were 
extracted successively with 600 ml 60% (v/v) H,PO<, 
acetone and 3 n HCl The acetone was removed, and aU 
extracts pooled, then dfluted and allowed to percolate under 
suction through 1 kg of pure talo in a large, squat column 
(20 X 10 om ) The pigments were eluted with acetone 
Zone 1 was rejected m the filtrate firom the percolation The 
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acetone eluate was now shaken with sufficient xylene to 
cause phase separation, the mam pigments passmg mto the 
aqueous layer A small amount of porphyrm passmg mto the 
xylene acetone layer was recovered separately The water 
phase was now concentrated under reduced pressure and 
placed on a colu m n of talc, 12 x 3 cm The resulting ohromato 
gram was highly complex 

Width of hand 


(Top) (mm ) 

Debris ochre 

Blank 2 

(Pmk red fluorescence) 12 

Brown 1 

Purple 8 

Turquoise 1 

Bufl 4 

Violet 0 6 

P ink 5 

Violet 2 


The column was developed with 16% (v/v) acetone m 
N HCl A brown and a pink band passed down (fraction A) 
The column was then extruded and out The violet and blue 
middle section, the brown layer above it and the top pink 
band of porphyrm were taken up separately m acetone and 
Altered (fractions B, C and D) They were left to evaporate nt 
room temperature 

Fraction A on reohromatography gave an ill defined 
separation mto a lower brown and an upper pmk band, 
probably identical with zone 2 of the imtial chromatogram 
Fraction B gave four zones , from above, violet, tnrquoise, 
unhomogeneous violet-brown, and a yellow trace, possibly 
extraneous, which washed out with 0 6 n HCl On outtmg 
the column and redissolvTng in acetone, these fractions eU 
showed bands at 687-666, 611-493 mp , which were strongest 
m the violet top fraction The lowest mixed band had an 
additional maximum at 466 mp 

Fraction D was concentrated and dried in vacuo The dry 
residue was extracted with ethyl acetate, and about a third 
of the porphyrm, estimated by fluorescence, passed mto 
solution (Soret band n HCl, 406 6 mp, , 3 n HCl, 407 0 mp ), 
and was extracted by shakmg with N HCl The remammg 
ethyl acetate layer was now brown, with bands at 600, 480, 
and a trace near to 660 mp It was non fluorescent The 
residues of the ongmal extract were treated with 3 n HCl, 
and the remaining porphyrm passed mto solution A black 
insoluble residue remamed on the Alter The two fiaotions of 
porphyrm firom this rough separation were reohromato- 
graphed on paper by the techmque of Nicholas A Rimmgton 
(1949), and are reported upon separately (Nicholas A 
Comfort, 1949) 

The tnrquoise, red fluorescmg flection (3a of mitial 
chromatogram) was rapidly converted on standmg to a 
yellowish, ether soluble material, which could not be whoUy 


1949 

re extracted fiom acetone-ether mixture by shakmg with 
3 n HCl This yellow matenal was non fluorescent and 
showed only a famt band close to 600 mp 

The spectral characters of Pinclada fractions are sum 
manzed m Table 1 

All total extracts of P vxdgaris con tamed a brown, xylene 
and amyl alcohol soluble material which could be removed by 
partition from the acid solution 

Malleus regula Lk 

About one quarter of one valve, moludmg the area of hmge 
where traces of red fluorescence could be seen, was extracted 
withlOO ml 2 n HCL Extracts of aU parts of this shell were 
fluorescent, although fluorescence is not general m the mtact 
shell 

Chromatography The conspicuous blue purple complex of 
Pinctada (bands 3— 3o) was absent, but the chromatogram was 
otherwise similar Band 1 contamed more matenal than m 
Pinctada, but was identical m appearance and behaviour 
The pmk band (2) accounted for most of the visible colour, 
the porphyrm remammg as a sand coloured zone at the 
surface of the talc, withm the next (pink) band 

On development with 40 % acetone to remove band 2, a 
brown firaction passed down and through it, appearmg m the 
eluate just before the lower border of band 2 This fraction 
was distmot from the mam body of band 2 , and different m 
colour The porphyrm band was small and rather famt 

Pinctada margantifera 

Acid extracts m HCl are reddish brown, with little or no 
porphyrm Buorescence The ohve shell becomes purple os 
contact with the acid. Large amounts of pigment can be 
recovered flxim the acid tr^ted shell by rewashmg with 
acetone The acid flaotion showed bands at 601, 466 6 mp. 
and the acetone fraction at 603 mp., but when the acetone 
was removed by shakmg with xylene and light petroleum, 
and the hypophase treated with excess 2 n HCl, the spectra 
were identical Another shell gave a different acid spectrum, 
the pigment bemg ohve instead of reddish, and having bands 
at 481-613 and 666 mp. Addition of a few drops cone HNO, 
produced a shift to 464 and604mp.Theflraotions were almost 
homogeneous on chromatography, except for a very small 
upper porphyrm zone 

Placuna sella 

A deeply coloured shell was selected Chromatography of 
the phosphoric extract was more difficult than m Pinctada, 
owmg to the presence of brown bands ov erlappmg the general 
pattern The bands from above were porphyrm (ohve), 
green, violet, pmk, ohve, violet, bnck, broad pmk. The 


Table 1 


Fraction 

Eluent 

Colour of eluate 
Abs maxima 
(mp.) 
Remarks 


Characteristics of fractions obtained by chromatography on talc of crude extracts 
in phosphoric acid of shells of Pinctada vulgaris 

2 2 34 and 6 

H,PO.(33% v/v) Acetone* (3 % v/v) Acetone* (10 % v/v) Acetone* (30 %vM 
^le Pmk Indigo violet Pmk 

(600?) Very weak 646, 496 602, 600 614, 674, 551, 492, 

464 

Smgle zone Three zones eluted Two zones eluted Porphyrm 

together together homogeneous 

• Dilutions of acetone made m 33 % (v/v) aqueous H3PO4 


Crude extract 
Wme 

695 653 464 
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lowest fraction on elution with 30% acetone was not 
homogeneous. It showed a strong double band at 493 6 and 
466 mfi. The next fraction (eluated by 60% (v/v) acetone m 
38% phosphonc acid) had a smgle band (480-606 max 
491 6 mp.) With higher concentrations of acetone a further 
purplish pmk band appeared high on the column (490-606, 
653-667 m/i.) and moved down, followed by the porphynn 
band No clearmut separation could be achieved on re 
chromatography The lowest pigment was in all respects 
similar to the acid fraction of P margartUfera, an entirely 
unrelated form 


Haliotis midae 

The pigment is most easily extra cted from immature shells 
It IS present m the outer layer of the shell, and also m the 
substance of the protooonoh 

Shells extracted with cone HCl give a port-wme coloured 
solution, changing to brown on ddution The red solution 
shows bands at 669—630 and 472—455 mp. On standmg, it 
turns purple (max 544, 496 mp ) The Ehrhch (diazo) and 
Gmehn reactions are negative, and the pigments cannot be 
transferred to ether from neutral solution 

Chromatography of the acid extract on talc gives two mam 
zones, and a yellow filtrate These are red (below) and blue 
green (above) the red zone becomes straw coloured m 
acetone, but the red is restored by the addition of HCl Only 
the red fraction shows an extremely famt red fluorescence, 
the blue pigment is non fluorescent It does not give a colour 
reaction with NaNOj No further colour change occurs with 
On neutralizing total extracts and shaking with 
however, traces of Lemberg’s (1931) blue pigment can 
extracted. The identity of the Haliotia pigments is dis 
cussed m a separate paper (Comfort, 1949 b) 


Turbo marmoratus 

Hie mam pigment of this species has been oiyatalhzed and 
f^y mvMtigated by Tixier (1947) under the name of turbo 
glauMbihn It IS a blue, non fluorescent bihtnene having a 
^ble and m ultraviolet spectrum similar to those of 
glaucobilm It was isolated for comparison with the talc 
chromatograms already obtamed Two specimens of T 
mornio„«!« ^hioh is probably identical with the T rcffcn 

/i^istudiedbyTixier.andwhichisnamedbyhimasaso^e 

half broken andextraoted separately, 

HCl m ethanol) tto 
KxwWiZT^“^T'^^°Ha,bythemethodemployed 
^Tmer (1947), and half with fin HCl for talc chromato 

“^matogram of the HQ extract gave three 

those found ‘'bJ’'TmOT’(19S’'’ 

in ultraviolet hght ^ non fluorescent 


Mixed chromatography 

the pigments of 

P gments of the P vutgans senes and the lower vie 


and brown bands of Turbo fa llin g below the porphynn zone, 
and Haholis blue, turboglaucobihn, and the CHCl, soluble 
pigmentofP marj 7 onli/eroaboveit(Fig 4) Turboglaucobihn 
is more easdy eluted by acetone than the porphynn zone, 
and passes through it Mixed chromatograms of Ptnetada 


Haliotis blue 


Turboglaucobilin 


Uroporphyrins 


Plnctoda 3-3a 


Turbo (lower fraction) 


Fig 4 Chromatogram (talc, N HCl) of artificial 
mixture of shell pigments 

pigments with acid solutions of the products of the Gmehn 
reaction performed with cone HNO, upon turboglaucobilm 
and upon bihverdm from cat bde showed no comcidence of 
zones A solution m CHCl, of the products of this reaction 
upon turboglaucobihn was, however, spectrally similar to 
the CHCl,.eoluble fraction denved from P marganltfera 

DISCUSSION 

The pearl mussel pigments, especially those of 
Ptnetada and Malleus, can be separated mto a 
number of fi'actions which show a superficially 
similar chemical behaviour The number of sub 
stances present, the differences between related 
species and among mdividual shells of the same 
species and the msolubihty of the pigments m 
orgamc solvents makes the purification and crystal- 
lization of mdividual substances extremely difficult, 
and pure specimens were not isolated Except m the 
case of Hahotis blue, winch will be discussed m a 
separate paper (Comfort, 19496), the identity of 
these pigments has not been established The 
Ptnetada family of pigments exhibits no defimte 
colour reaction comparable to that given hy Haliotis 
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blue with mtntes (Schultz, 1931) This group does, 
however, behave aa a consistent chromatographic 
senes 

A rather sunilar family of pigments occurs m 
several archaeogastropod shells, especially among 
the red Trochidae and Fissurelhdae, though chroma 
tograms of these forms could not be repeated to our 
satisfaction owing to shortage of matenal In other 
forms related to the porphyrm-producmg groups, 
such as Turbo and Haliotis, we have been able to 
confirm Knikenberg’s (1883) findin g of bditnenes 
but bihtnenes and porphyrms do not appear to 
coexist 

Mixed chromatography of Pinclada extracts with 
turboglaucobihn, with Haliotis blue and -with the 
products of an mcomplete Gmohn reaction per- 
formed on bfiiverdm from bile, shows no evidence 
of correspondence between known and unknown 
pigments 

The acid soluble pigments of Pinciada have the 
following characteristics they are mdicators, 
changing to grey or greenish blue m alkahne solution , 
they are adsorbed from acid solution on talc m a 
consistent order, red falling lowest and violet 
highest upon the column, they are insoluble m 
organic solvents except acetone, ethanol aind 
methanol, but they pass mto amyl alcohol from 
acid solution on prolonged standmg m a m tinner 


1949 

which resembles the behaviour of porphyrms, and 
strongly suggests esterification , they are non 
fluorescent, and their visible absorption spectra are 
characteristic 

A close phylogenetic relationship exists between 
these pigments and sheU porph 5 uins They are 
found m typical purplish or reddish colour schemes, 
which seem to occur most commonly m pr imi tive 
or unspecialized forms 

SUMMARY 

1 The distnbution of acid soluble pigments m 
shells has been found to resemble that of the 
porphyrms 

2 The pigments can be separated by chromato 
graphy from aqueous acid upon talc A character 
istic senes of pigments, which have not been 
identified, occurs m several bivalves and probably 
also m the Trochidae and FissureUidae Lmear 
tetrapyrroles occur m the Turbmidae, where por 
phyrms are absent 

3 The pigments of higher moUuscan shells are 
not extracted by acid, and appear to be chromo 
protems The possession of acid soluble shell 
pigments is characteristic of the archaeogastropods, 
the lower bivalves, and the teotibranch opistho 
branchs 
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Acid-soluble Pigments of Molluscan Shells 

3 THE INDIGOID CHARACTER OF THE BLUE PIGMENT 
OF HALIOTIS GRAGHERODII LEACH 


By a comfort, Department of Physiology, The London Hospital Medical, GoUege 

(Received 18 November 1948) 


The mvestigation desenbed m this paper was 
designed to establish the identity of the blue shell 
pigment of the abalone (Haliotis cracherodii), and to 
examme its relationship with other acid soluble shell 
pigments 

The pigment was described by Krukenberg (1883), 
and has received considerable attention (Schultz, 
1904, 1931 , Kodzuka, 1921 , Schultz & Becker, 1931, 


Lemberg, 1931) Workers have been divided between 
the later view of Schultz (1931) that it is an mdigoid 
body, and that of Schultz ( 1904), Lemberg, Kodzuka 
and Krukenberg that it is pyrroho 

Lemberg (1931) desenbed the extraction of the 
pigment wnth acid ethemol The extract was treated 
wnth chloroform followed by 0 06 n HCl, which 
removed a blue matenal (B), leavmg a green 
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cliloroform solution (A) Sinular methods of 
extraction were used by other workers In no case 
was the extract chromatographed Although faihng 
to behave as a glaucobihn (Lemberg, 1931) the blue 
pigment gave the pme sphnter reaction for pyrrole 
(Kodzuka, 1921) and a substance resemblmg a di 
pyrryknethene on treatment with phosphomum 
iodide (Lemberg, 1931) The hterature is reviewed 
by Lederer (1940) 

EXPERIMENTAL AND RESULTS 

IdenUly of material The species figurmg m the hterature as 
flahofw coii/ornienais Sow is almost certainly cracJierodit 
Leach, of which H caltfomtensta is an uncommon variety 
The results of Kodzuka (1921) refer to B gigas In the 
present study shells of B cracherodtt from California were 
used throughout 

Chromatography of the pigments of 
Hahotis craoherodu 

Extraction Extracts were prepared from coarsely broken 
shell (o) with acid ethanol, for the preparation of Lemberg’s 
(1931) A and B fractions, (6) with 6 n HCl, for direct 
chromatography on tale by the method developed for the 
isolation of porphyrins (Comfort, 1949 a ) , (c) by prehminary 
acid extraction, the pigment bemg concentrated by shaking 
with amyl alcohol, mto which it passes from aqueous acid 

(а) When shells are extracted with acid ethanol, and the 
extract partitioned aocordmg to the Inatructions of Lemberg 
(1931) his A and B fractions are readily prepared The A 
fmotlon, when further treated with cone HCl, is removed 
almost completely from the CHClj phase as a deep purple 
mtenal showing bands at 681-686, 639 and 461 mp. When 
chromatographed on talc, this extract gives a green blue 
upper and a violet lower zone 

(б) Smee our object was to compare the pigments of this 
species with those accompanying porphyrms m other forms, 
esp^ially Pmetadaf most of our extracts were made in 

N HCl and chromatographed upon talc from aqueous acid, 
using acetone HCl or 0 6it NaOH as developer 

A medium sized specimen (length 13 cm ) was coarsely 
broken, and as much as possible of the nacreous sheU 
removed. It was macerated for 24 hr with 600 mL 6 n HCl, 
an t e bine extract decanted from green insoluble residue 
■a column of talc was packed from suspension m n HCl by 
motion over cotton wool m a tube 20 x 2 cm The extract 
was filtered and drawn through the column 


The bands of the undeveloped chromatogram are shown m 
Fig lo The lower four fiuotions, eluted together by 10% 
(v/v) acetone in n HCl, were shaken with amyl alcohol, which 
removed orange and yellow pigments having a positive 
Qmehn reaction, and left a green, Qmehn negative hypo 
phase The upper blue and purple bands, eluted slowly by 
acid ethanol (20 % HCl (v/v) m ethanol), gave the mtense red 
colour with NaNOj whieh oharactenzes Baltohs blue No 
ultraviolet fluorescence was detected m this chromatogram 



I yBlue 
Purple 

Purple 
Yellow 
Mojs erten 
Pinklin 
Onnge 



Violet 

Olive 

Brown 






Cheitnut 

Brown 

Green 


( 0 ) {b) 

Fig 1 (o) Undeveloped chromatogram on talc of acid 

extract of shell of H eracherodtt (6) Partly developed 
chromatogram on alumina of ether soluble fraction of 
B craoherodu extract 

(c) A similar acid extract was prepared (see flow sheet. 
Fig 2) by macerating two large shells with 300 mL 7 6 n HCl 
The deep blue solution was filtered and shaken with 600 ml 
amyl alcohol m small successive portions The amyl alcohol 
solution, containing most of the pigment, was evaporated to 
dryness under reduced pressure, and the residue taken up m 
20 ml ethanoL Ether (20 mL) was added, the mixture was 
placed overnight in the refrigerator, and then treated with 
excess 2 N HCl The blue pigment remamedm the hypophase, 
leaving a greenish vellow ether layer 

The ether solution was chromatographed on a oolumn 
(prepared from a suspension m light petroleum) of alununa 
(Spence ‘0’) m a tube 10 x 1 cm. The oolumn was washed 


Residue 


Shells macerated with 7 6n HCl 
I 


Blue solution 

(shaken with amyl alcohol) 


Amyl alcohol extract (evaporated 
to dryness tn vacuo, residue die 
solved m ethanol ether (1 1) and 
shaken with 2 n HCl) 


Epiphase greemsh yellow (chro 
matographed jm alumma, see 


Table 1 and Fi 
pigments giving ( 


, 16) Includes 
imehn bke colour 


Hypophase blue (purified by chro- 
matography on talc) Fme struc 
ture spectral absorption bands m 
CHCl, cyclohexane show sum 
lanty with those of mdigotm 


Hypophase 

(discarded) 


Fig 2 Flow sheet to illustrate separation of pigments from Baltohs cracherodtt 
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with several changes of ether, and showed the zones listed 
m Table 1 from above downward Development with 
acetone 40% (v/v) m ether produced the chromatogram 
shown m Pig 16 The violet upper band was found to consist 
of the alkahne phase of the mam blue pigment The fractions 
eluted by acetone gave a positive Gmehn reaction 

Table 1 Chromatogram on alumina of eiher soluble, 
pigments from crude extract of Haliotis craoherodu 


Colour of zone 

Width 
(nun ) 

Moss green 

3 

Bnok red 

3 

Orange 

10 

Buff 

7 


The acid alcohol solution (hypophase of the imtial ether 
partition) was freed of amyl alcohol by partial evaporation, 
and proved to be almost homogeneous on talc chromato 
graphy This fraction was eluted with acid ethanol, agam 
transferred to amyl alcohol and evaporated to dryness under 
reduced pressure The residue was examined speotro 
scopioally 

Ultraviolet spectroscopy and indigoid nature of 
Hahotis blue 

The rechromatographed matenal desonbed above was 
dissolved m CHClj-cycZohesane, and its fine structure bands 
compared with those of the known mdigos by means of a 
Hilger quartz spectrograph The results are given m Table 2 

Table 2 Ultraviolet absorptions of Hahotis blue and 
of indigotin in chloroform cyclohexane solution 


Absorption maxima (A ) 



Hahotis pigment 

Indigotm 

3570 

3660 

3370 

3370 

3226 

3210 

3070 

3070 

— 

2856 

— 

2746 


The aimilanty of these spectra affords strong evidence for 
the identity of the ohromophonc groups m the two substances, 
and the conclusion appears justified that the Hahotis pig 
ment contains an mdigo closely related to, but not identical 
with, mdigotm The objections of Lemberg (1931), based on 
solubihty considerations, do not contradict this conclusion 
although they suggest that the substance is not one of the 
known mdigo pigments Its solubihty m acids is probably 
due to the presence of side chains attached to the mdigo 
nucleus 

DISCUSSION 

We have shown (Comfort, 1948, 1949a, b) that por 
phyrms are widely distributed among the Archaeo 
gastropoda, but almost whoUy absent from the 
spiecies of Hahotis which we have exammed If 
Hahotis blue is a pyrrole derivative, as suggested by 
Lemberg (1931) and Kodzuka (1921), it might be 
held to represent an end product of the pigment 
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cycle which gives rise to porphyrins m the Trochidae 
(Tixier, 1945), and to bihtnenes m the Turbmidae 
(Knikenberg, 1883, Tixier, 1947) If, on the other 
hand, Schultz (1931) was correct m regarding it as an 
indigoid body, it is the only substance of this kmd 
known to occur m molluscs other than the Steno 
glossa,manyofwhich produce 6 6 ' dibromomdigotm 
as a visceral and egg pigment 

Lemberg’s objections to the findmgs of Schultz are 
threefold that the pigment does not show the typical 
solubilities of mdigo blue itself, that it is more basic 
than any known mdigoid, mcludmg the dialkyl 
mdigos , and that resemblances m the visible spec 
trum are not conclusive evidence of relationship 
between this body and the spectrally similar 
mdigos cited by Schultz (O methylmigo 620, 
dibromomdigotm 623 mp , Kmss & Oeconomides, 
1883 ) 

The red matenal produced fi-om Hahotis blue by 
mtntes m acid media bears some resemblance to that 
produced from bde pigments m the Gmelm reaction 
Schultz (1931) regards the red colour as bemg due to 
isatm When mtnte is added to a solution of Hahotis 
blue purified by chromatography, the development 
of the red colour requires a considerable excess of 
hydrochloric acid With mtnc acid the colour change 
18 rapid, but not typical of the Gmehn reaction The 
pigment becomes first violet and then red, with dis 
appearance of the band at 622 mp and appearance 
of two new bands close to 600 and 660 mp Other 
firactions from the chromatogram show the character- 
istic sequence of colours given by bde pigments, but 
none produces a colour comparable wath that of the 
mtnte reaction The red material is very soluble m 
amyl alcohol, and only shghtly soluble m chloroform 
Its spectrum does not comcide with that of the 
Gmehn products, or of the purphsh red solution 
produced by treatmg turboglaucobihn (Timer, 1947) 
with mtnc acid Moreover, a sundar colour appears 
spontaneously m acid solutions on standmg, or very 
rapidly on the addition of hydrogen peroxide, m the 
presence of which the colour finally fades to pinkish 
orange 

The colour change of the Hahotis pigments m this 
case does not, therefore, comcide with that given by 
bditnenes It is far closer to the reaction descnbed 
by Nencki & Sieber (1882) m the urorosem test 
Herter (1908), Homer (1916), Watson (1938, 1939), 
Waldenstrom (1937) and Rimmgton, Hobday & 
Jope (1946) have discussed this test m some detail 
Three mam red pigments liave been isolated from 
porphynn fieeurmes urorosem, mdirubm (Watson, 
1938, 1939, Rimmgton et al 1946) and urocarmme 
(Fearon & Thompson, 1930) The solubdities of these 
pigments, and their spectral absorption bands, are 
compared in Table 3 

The end product of the action of sodium mtnte 
on Hahotis blue resembles urorosem both m these 
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Table 3 Oompanson of absorption spectra of urorosem and of the red derivative of Haliotis blue 




Spectrum 
(abs max m/x ) 

Solubdity 

K . 

Substance 

Solvent 

r 

Chloroform 

Amyl alcohol 

Hahotis denvative 

Amj 1 alcohol, cone soln 
Amyl alcohol, dilute soln 

2n HCl, cono soln 

2ir HCl, dilute soln 

566-468 

622-492 

559-660 

540-490 

Shght 

JIarked 

Urorosem (Watson, 
1939) 

Amyl alcohol 

2 6x HCl 

65&-567 

644-511 


Marked 

From mdolylacetic acid (Homer, 1916) 

652-531 

606-492 

— 

— 

From mdolylacetunc aad (Homer, 1915) 

679-639 

602-485 

— 

z 

Urocarmme (Fearon & Thompson, 1930) 

No data 

— 

Marked 


properties and in being reversibly decolorized by 
Bodium acetate Studies with the Beckman spiectro- 
photometer gave density curves which varied some 
what from sjiecrmen to specimen, that given m 
Big 3 bemg typical In acid solutions the curve 
closelj' resembles that of urorosem (Rimmgton et al 
1948), which IS generally admitted to be an mdole 
denvative 



Wive length {mf:) 

Big 3 Spectral absorption of red denvative (produced 
by addition of HNOj) of Haltotts blue in acetone 

In the present paper, a comparison is recorded of 
the fine structure absorption m the ultraviolet of 
hlue and mdigotm The similarity 

0 rved is so marked as to justify the conclusion 
int Hahotis blue possesses an mdigoid structure 

1 he colour reactions obsert^ed with mtnc and mtrous 
^1 V i^concdable with tlus conclusion The 
solubility of the Hahotis pigment m ddute hydro 

indicates, however, that it must possess 
Wbstituent groups modifymg the character of the 


SUMMARY 

1 The blue pigment of the shells of Hahotis 
cracherodii has been purified chromatographically 
It has an ultraviolet absorption spectrum almost 
identical witli that of mdigotm, but differs firom that 
substance m its solubdity characteristics 

2 The reaction of the blue pigment with osadizmg 
agents results m a product which resembles urorosem 
m its spectral and chemical properties 

3 Holtolta blue is considered to possess an mdigoid 
structure modified by the presence of substituent 
groups 

4 Other fractions derived from the same species 
contam pigments givmg a reaction closely similar to 
the Gmelm reaction for bditnenes 

NOTE 

Added 16 May 1949 

Smee the pubhcation of the prehmmary results of 
this study, a fuller mvestigation of Hahotis blue has 
been made by Tixier & Lederer (1949), who have 
kmdly made theur findmgs avadable to us m manu- 
script Their figures for the molecular weight and 
elementary composition of Hahotis blue methyl 
ester, purified by chromatography, are mcompatible 
with an mdigoid structure, and suggest a copro- 
mesobdiviolm They regard the pigment as a bihdiene 
diff ering from the known pigments of this type m its 
spectral characters and m the fact that its zme 
complex IB non fluorescent A jomt mvestigation of 
the mterpretation of our findings and those of Tixier 
& Lederer will be undertaken, and its results 
pubhshed m a further commumcation 

Thanks are due to Prof C Rimington for the use of the 
Beckmann spectrophotometer and for access to unpublished 
work by him, and to Dr E IL Jope, London Hospital Spectro 
graphic Unit, Medical Kesearch Couned for the spectro 
scopic study of Hahotis blue The coat of the research was 
home by the Yarrow Research Fund, London Hospital 
Medical College 
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Acid-soluble Pigments of MoUuscan Shells 

4 IDENTIFICATION OF SHELL PORPHYRINS WITH 
PARTICULAR REFERENCE TO CONCHOPORPHYRIN 

By R E H NICHOLAS and A COMFORT 
Department of Chemical Pathology, University College Hospital Medical School, and Department 
of Physiology, London Hospital Medical School 

{Received 13 December 1948) 


Particular interest has been attached to the nature 
of the porphyrins present in shells since Fischer & 
Jordetn (1930) reported the occurrence in the marine 
moUusc Ptena raduUa of a porph 3 rrm, containing 
five carboxyl groups, which they named concho 
porphynn, and which was the only pentacarboxyho 
porphyrm known m nature Fischer & Holt (1934) 
later compared it with a synthetically prepared 
pentacarboxyhc porphyrm The findmgs of other 
workers (Fischer & Haarer, 1932, WaldenstrOm, 
1937, Tixier, 1946) mdicate, however, that only 
uroporphyrins I and 1 1 1 and traces of coproporphyrm 
are responsible for the pink fiuorescence of moUuscan 
shells 

One of us (Comfort, 1949) has recorded an extensive 
survey of the pigments present m moUuscan shells, 
and has noted the phylogenetic distribution of 
porphyrm 

Havmg at our disposal a method of separatmg 
porphyrins, by partition chromatography, mto 
groups depending upon the number of carboxyl 
functions m the molecule (Nicholas & Rimmgton, 
1949 , Rimmgton, 1949), we have examined as many 
porphyrm containing shells of different species as 
possible, mcludmg Ptena radiata Lk , m the hope of 
confirmmg and extendmg Fischer & Jordan’s (1930) 
observations We have also had access to some of the 
origmal porphyrm material prepared by these 
authors (m p 270—273°) kmdly provided by Prof 


J WaldenstrOm of Uppsala, but we have obtamed 
no evidence for the existence of a pentacarboxyhc 
porphynn 

METHOD 

PorphynuB and other aoid soluble shell pigments are 
quantitatively adsorbed on tale, satisfactory separation of 
the mdividual porphyrins was not, however, achieved by this 
method The acetic acid ether technique for the extraction 
of ether soluble porphyrms is difBcult to apply to shell 
extracts on account of the large quantities of calcium salts 

Talc adsorption chromatography was used m order to 
separate the porphyrm as far as possible from the other shell 
pigments present, and finally the paper partition method 
(Nicholas & Rimmgton, 1949) for the separation of the 
mdividual groups of porphyrins 

Technique of talc chromatography 

Preparations of columns Tale powder (pharmaceutical) 
was shaken with excess of 2 n HCl, and the suspension 
poured through a funnel contammg some glass beads (to 
remove bubbles) mto glass tubes 20 x 2 cm., the lower end of 
each bemg closed by a cotton wool plug restmg on a ceramic 
insulator The suspension was then packed with the aid of 
suction 

Extraction of shells The shells were broken and decalcified 
for 24 hr m cone Hd, or m a mixture of phosphonc acid 
(sp gr 1 76) with an equal volume of water The extracts 
were filtered through glass wool to remove debris, adjusted 
to contam between 1 and 2 6ir acid by dilution with water, 
and poured mto the tubes 



Vol 45 


SHELL PIGMENTS 


209 


Chromaiography The ertraote -n-ere drawn through the 
oolumna under suction The ohromatograms were either 
developed with inoreasmg strengths of acetone in aqueous 
3 n HCi, or dried for several hours over suction and extruded 
by air pressure firom below, the fluorescent zones being out 
out with a cover shp, or with a specially made glass knife 

Precautions The adsorptive power of vanons samples of 
tale showed conaderahle vanation, and the acidity of the 
solvent shouldnot exceed 2 6 n , stronger acids lead to blurring 
of bands and reversal of their order Packing from acid 
suspension was found necessary, even with ‘acid washed’ 
talc, to avoid crackmg of the column when suction was 
apphed. 

The detailed appearance of the chromatograms and the 
spectral character of the non porphyrm bands has been 
desonhed m a previous paper of this senes (Comfort, 1949) 
The porphyrm present was localized to one narrow pink 
fluorescent band, except m the ease of Plena vulgans, where 
division of the porphyrm was obtamed durmg the separation 
of a blue pigment, spectroscopy of the porphyrm fractions m 
acid solution showed m each, however, a Soret band con 
Bistent with nroporphyrm (A =405 m^ m 2 n HCI) 


Preparation of porphyrin for partition 
chroma tography 


The section of the talc columns contaimng the porphyrm, 
as shown by ultraviolet light, was cut out and placed m 
acetone contaimng 1 % by volume of 3 N HQ This eluted all 
the porphyrm together with some of the other pigments 
adjacent to it on the ongmal talc oolumn The eluate was 
filtered through a smtered glass funnel to remove the talc 
and the latter washed with HCI acetone soluUon After 
oombmmg the washmga with the first eluate, the acetone 
was removed under reduced pressure at room temperature 
The solution, which was highly fluorescent m ultraviolet 
light, but vaned m colour with mdividual sheUs from brown 
to violet, was then passed through a small talc column to 
remove the remainmg non porphyrm pigments and the 
morgamo salts which mterfere with the partition ohromato 
graphy 


This column, 3x06 cm , was packed from a suspension o 
talc m distilled water, under these conditions the porphyru 
18 adsorbed on the top of the column with the other pigment 
beneath it The column was then washed with distilled wate 
mtil the eluate was free from Cl“ Any remammg non 
fluorescent pigments were then removed by washmg thi 
column with mcreasmg concentrations of aqueous NH, 
tegu^g with 0-01 N, the porphyrm bemg finally eluted witl 
lUN AH, m which it descends as a narrow baud and can b( 
m approximately 0 1 ml of solution which wai 
applied to the paper chromatogram 

of Kscher’s conchoporphyrm eater (m p 

- 10-^73 , Fischer A Jordan, 1930) was preparedforchromato 

^PbJ by hydrolysmg it m approxunately Vx HCI foi 
-4 br at room temperature The HO was removed m i 
vacuum desiccator over KOH and the porphyrm residu. 
du.aolvcd m 0 1 ml of aqueous lOl, NH 


(‘lutidine’) as solvent, and m an atmosphere saturated with 
the solvent and water vapour 

Porphyrins are separated under these conditions mto spots 
clearly visible by their pink fluorescence m ultraviolet hght 
It has been shown that the values of the spots bear an 
mvetse Imear relationship to the number of carboxyl 
functions m the porphyrm molecule which they represent 
(Nicholas A Rimmgton, 1949) 

The Bp values at 21'’ for representative porphynna are 
recorded m Table 1 

Table 1 Rp values of porphyrins in ’’lutidine' o4 21° 


Porph3rrm 

B p values 

No of 
carboxyl 
functions 

*Uroporphyrm 

0 07 (0 12) 

8 

Coproporphyrm 

05 

4 

Protoporphyrm (and other 

0 75 

2 

2 carboxyl porphynns) 
Phylloerythnn 

0 87 

1 

All esters 

0 98 

0 


* UroporphjTm characteristically gives two spots 


In order to avoid mismterpretation through shght changes 
m Bp due to variation m conditions, known markers were 
run on the strip m every case alongside the material under 
mvestigataon 


RESULTS 

The results winch we have obtamed with eight 
different types of shell and with Fischer’s concho- 
porphyrm (Fischer & Jordan, 1930), stated to be 
derived from Plena radiata, are recorded m Table 2 


Table 2 Rp values and identification of porphynns 
present in materials examined 


(The Bp value m brackets represents the additional uro 
porphyrm spot ) 

Bp values of 

Shell spots obtamed Porphyrm present 


Fischer s ' concho 0 06 (0 

porphyrm’ {Plena 
radiata) 

Plena radiata from 0 07 (0 

S Carohna 

Pinctada vulgans 0 07 (0 

(Plena vulgans) 

Trivia europcea 0 07 (0 

Bulla sp 0 08 (O 

Placuna sella 0 06 (0 

Vmbonium australe 0 08 (0 

Malleus vulgaris 0 06 (0 

Gihbula cineraria 0 07 (0 


11) 0 49 

Uroporphyrm and 
coproporphyrm 

12) 

Uroporphyrm 

12) 0 49 

Uroporphyrm and 
coproporphyrm 

12) 

Uroporphyrm 

14) 

Uroporphyrm 

1) 

Uroporphvrm 

13) 

UroporphjTm 

11) 

Uroporphyrm 

11) 

Uroporphj-rm 


DISCUSSION 


Partition chromatography 

“trips 

^ Tatman no 1 filter paper (6 x 40 cm ) at a temperat^ 
-1 . usmg a mixture of the 2 4 and 2 6-dmiethylpyndn] 


The results confirm earher emdence that the por- 
phyrm present m shells is uroporphyrm, accompamed 
m some cases by smaller quantities of coproporphyrm 
No evidence has been found for the existence of a 
penta or hepta carbovj he porphjwm 
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The fact that the uroporphyrin does not behave as 
an entity on the cliromatogram would point to the 
possibihty of a seven carboxyl porphyrin (JR^ 0 12) 
being present This has been excluded on the grounds 
first, that other samples of uroporphyrm of non- 
molluscan ongm, considered pure by all other 
standards, behave identically, and secondly that the 
‘spot’ of -Bj, 0 07, which represents the majority of 
the porphyrm, can be shown to decompose agam mto 
two spots (iZj, 0 07 and 0 12) by rotatmg the chroma- 
togram through 90° and re r unnin g m the new 
direction with the same solvent 

There exists an element of doubt surroundmg 
Fischer’s identification of his shell material (Fischer 
& Jordan, 1930), his published papers deal specifi 
cally with two species of Pteruz, viz Plena radtala, 
described as a Venezuelan species firom which 
Fischer & Jordan (1930) obtamed conchoporphynn, 
and Plena vulgaris, now called Pinclada vtdgans, 
which IS widely distributed m the Indian Ocean and 
used m the button and fancy goods trade under the 
name of Persian hngah shell 

The specimens of Plena radtala Lk ♦ which we 
have exammed were from South Carolma and their 
identity was kmdly established by Dr J ohn Burch of 
Los Angeles who supphed them We have also 
exa min ed carefully identified Pinclada {Plena) 
vulgans from Bahrem on the Persian Gulf These 
were obtamed from the dealer who supphed Fischer 
with his specimens of P vulgans 

In view of the uncertamty, both chemical and 
zoological, surroundmg Fischer’s material, it would 
be diffi cult to express a defimte opmion as to the 
existence of his ‘conchoporph 5 mn ’, but the fact that 
we found his ester material, m p 270-273°, to be a 
mixture of uroporphyrm and coproporphyrm, casts 

* A photograph of the shell may be obtained from the 
authors 
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doubts upon his claims Certamlynopentacarboxyho 
porphyrm is present m any of the species of shell we 
have exammed 

The uniformity which wo find between the 
porphyrins of different groups of shells might have 
been predicted if it is assumed that they are end 
products of a closely similar or identical metabohc 
cycle It IS of mterest that no porphyrins of the 
chlorophyll senes have been encountered 

Although we have not been able to confirm the 
existence of conchoporphynn, it may be mentioned 
that the teohmque of partition chromatography has 
revealed m other matenals the existence of porphy 
nns presumably contammg five and seven carboxyl 
groups respectively (Runmgton, personal commum 
cation) 

SUIVIMAIIY 

1 Extracts of porphyrm containing molluscan 
shells have been exammed by adsorption and paper 
partition chromatography 

2 The presence of uroporphyrm and, m one 
species, of coproporphyrm has been shown 

3 No evidence has been found for the existence 
m these shells of the pentacarboxyhc poiphyrm 
descnbed by Fischer & Jordan (1930) under the 
name of ‘ conchoporphynn ’ 

We wish to express our thanis to Prof C Runington for 
his help and encouragement and for access to nnpubhshed 
data, to Prof J WaldenstrSm of Uppsala for a specimen of 
Fischer’s conchoporphynn, to Dr E M Jope, Medica 
Research Council Spectrographio Umt, London Hospital, for 
assistance with spectrographio measurements and to Miss 
A Benson, for technical assistance The work was financed 
by the Yarrow Research Fund (London Hospital) and by a 
grant from the Medical Research Council The substance of 
this, and the foregoing three papers on moUuscan pigments 
m this senes, has been approved as part of a Thesis for the 
degree of Ph D m the Umversity of London 
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Distribution and Nutritive Value of the Nitrogenous Substances 

in the Potato 


By H chick AiiD E B SLACK 
The Lister Institute of Preventive Medicine, London, <5 TF 1 and 
the Biochemical Laboratory, University of Cambridge 


(Received 26 January 1949) 


[n a former commumcation, Chick & Cuttmg (1943) 
reported a senes of experiments m wluch the 
nutntive value of the proteins and other mtrogenous 
substances of the potato was compared with that of 
casern and of the proteins m wheat Tlie cntenon 
adopted was the abihty to support growth m 
weanlmg rats fed on diets adequate m respect to 
other essential nutnents, but containing a sub 
optimal amount of mtrogen denved solely from the 
food under test Under these conditions, in which 
the nitrogen is the factor limi ting growth, the relative 
rates of growth provide a basis for the comparison of 
the nutntive values of the mixtures of protems 
(Chick, 1947, Slack, 19486) 

By the above method the nutritive value of the 
nitrogen of the potato was found to be somewhat 
superior to that of wheat mtrogen, although the 
digestibihty was lower This result was the more 
remarkable, smce less than half of the mtrogen of the 
potatoes studied was piresent as protem, and about 
60 % consisted of amides, nitrogenous bases and 
freeammo acids Thenon protem mtrogen contamed 
in the expressed ]mce, after removal of the protem 
matenal by heat coagulation at pH 4, was unable to 
support growth Nevertheless, the mixture of 
protem and non protem mtrogen m the whole 
potato had a nutntive value at least equal to that 
found for the separated protem matenal 
The fact that the mtrogen of the potato, weight 
or weight, was as efficient as that of wheat for 
mamtenance of mtrogenous equihbnum m adult 
man or animals, has been abundantly demonstrated 
Wubner, 1879, Hmdhede, 1913, Abderlialden, 
;^irald, Fodor & Bose, 1916, Rose & Cooper, 1917, 
Thomas, 1918, Kon, 1928, Kon & Klem 
reason why this should be so, seeing that 
^ or more of the potato mtrogen is non protem 
m nature, puzded Rubner 70 years ago The puzzle 
mmains unsolved, m spite of the advances m know 
n u “ j and nutntion which have been 

fi^ smce the penod when Rubner was con- 
fronted with it (see p 219) 


Proteins of the potato 

thn properties of a globalm, to wh 

liell (ISOS TiSim *“6erm, was found bv Osborne &, Can 

1890) m the expressed juice of the potato and r 


extracted from the residual pulp with NaCl solution Smce 
the protemmatenals from both sourceshadsunflar elementary 
compositions and precipitation limits with (NH^)jSOj, it 
was concluded that they were the same They could be 
purified by dialysis and heat coagulation took placerrregularly 
between 66 and 76° The purified matenal contamed 
16 24%N Neuberger &, Sanger (1942), m an mvestigation 
of ten vaneties of potatoes, the total N content of which 
vaned firom 1 16 to 1 96% (on dry weight), found the pro 
portion of protem N to vary from 28 to 51 % of the total 
soluble N Of the non protem N, 34% (range 19 4r-42 1 %) 
consisted of amide N, glutamme and asparagme, 10% of 
a NHj N (range 6 4-12 8%) and 23% of basic N (range 
20-28%) A residue of the total N m the potato amounting 
to about 10% could not be extracted by methods which 
mcluded extractions with water, salt solution, weak alkah, 
ethanol, ethanoho alkah and urea This N was assumed to 
be protem m nature and was present mamly m the skin and 
cortex of the tuber Groot, Janssen, Kentie Oosterhma 
A Trap (1947) found Osborne & Campbell’s (1896, 1896) 
tuberm to be a mixture of two proteins which were pre 
oipitated from dilute press jmee at different pH values For 
the globuhn precipitated at the higher pH they retamed the 
name tuberm, for the other they suggested the name 
‘tubennm’ Separation could also be made by electro 
phoresis of the press jmee and by fractional precipitation 
with (NHjljSO^ The relative amounts of tuberm and 
tubennm present were about 71/29 Jirgensons (1946) con 
eluded that, owing to the labile nature of the protems m 
potato juioe, several different protems could be separated 
according to the methods used 

The work reported in the present paper forms 
a contmuation of that already published (Chick 
& Cutting, 1943), by a further study of the com 
plementary nutntive action of the non protem 
nitrogen of the potato sap for the protem tuberm 
In the search for an explanation of this comple- 
mentary effect, an analysis of these fractions for 
their ammo acid content was essential Another aim 
was to recombme the different isolated mtrogenous 
fractions, including any msoluble protem that might 
be present, m an attempt to reconstitute the 
mtrogenous rmxture as it exists m the mtact tuber, 
an attempt which has proved only partially 
successful 

The difficulty experienced m mamtammg fresh 
potatoes m a stable condition for a contmued study 
led to a research on the changes m distribution and 
m nutntive value of the mtrogen, which takes place 



212 


H CHICK AND E B SLACK 


under different conditions of storage and to the use, 
where possible, of dried material for the tests With 
this work was combmed an mvestigation of the 
relative nutritive value of the mtrogenous materials 
situated m different portions of the tuber 

EXPERIMENTAL 
Materials and methods 

Animal tests The general technique employed was eunflar 
to that described previously, the cntenon of nutntive value 
being the growth promoting eflSciency of the mtrogenous 
substances for weanhng rats (Chick, 1942, Chick & Cuttmg, 
1943) 

Potatoes The potatoes were of the ‘ King Edward’ variety 
grown m the Eenlands In many experiments m which 
mtrogenous fractions were mvestigated, the mixture of 
mtrogenous substances contamed m the mtact potato was 
used as a standard of comparison When the potatoes were 
steamed, skmned, mashed and dried at a temperature not 
exceedmg 40° m a current of air, the nutritive value of the 
N of the dned material was identical with that of freshly 
steamed, skinned potatoes (Chick L Cuttmg, 1943), and if 
the dried matenal was stored m closed tms m a cool cellar, 
no senous subsequent deterioration was observed 

Diets made with dried whole potato were kept m the dry 
state, and, immediately before feedmg, water was added m 
about the proportion present m the ongmal fresh potato 
Diets containing as source of N the separated mtrogenous 
fractions, or mixtures of these which were uncooked, were 
mixed with an appropriate amount of water and cooked m 
a steamer forabout 1 hr The pudding Idee material obtamed 
was found convement to feed 

Potato protein The total heat-coagulable globuhn of potato 
sap, the tuberm of Osborne & Campbell (1896), was separated 
from the jmoe expressed from raw, washed, mmoed potatoes 
by a method based on that of Kon (1928) After adjusting the 
pH of the press jmee to 4 6 it was heated to 80° on a water 
bath with contmuous stirring for about 1 hr The precipitate 
was allowed to settle, was centrifuged, washed with water, 
ethanol, acetone and ether and finally dried on a water bath 
In the best preparations it was a hght grey powder, but, if 
allowed to take up any moisture during the removal of the 
oigamc solvents, it rapidly became discoloured and coarser 
m texture Matenal prepared m this way contamed about 
6-10 % moisture and 14-16 % N on the dry weight, the ash 
content averaged about 4 % 

The protem matenal, as prepared by the above method 
and referred to as tuberm m this paper, contains the total 
heat-coagulable protems m the potato sap and mcludes the 
two globulins separated by Groot et al (1947) and others, 
as well as by ourselves (see below) It does not, however, 
include the 10 % of insoluble protem presumably combmed 
with the residual pulp, according to the observation of 
Neuberger & Sanger (1942) 

The N of this tuberm had an average digestibihty 
coefilcient of about 63 % (range 66-70 %) Even when great 
care was taken m its preparation the highest digestibflity 
recorded was still considerably lower than the average 
coefiScient (70 %) for the N of the whole potato 

Crude tiihenn In order to minimize any damage to the 
digestibihty of the tuberm, use was sometimes made of crude 
preparations of protem obtamed by washing the centrifuged 
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protem sludge with water only, and either mcorporatmg this 
matenal directly mto the diet or drymg it at low temperature 
m a current of air Such preparations contamed about 
14% N on the dry weight and had a digestibihty coefficient 
of 77%, I e about equal to that of the whole potato 

Protein free juice The filtrate of the jmee after removal of 
the precipitated tuberm contamed 0 3 g N/lOO ml It was 
mixed withtheaqueoufl washmgs of the tuberm, con centrated 
in tYictioat40°,adjUBtedtopH Sandstoredmtherefngerator 
untd required When fed alone or as the major source of 
N m the diet, it caused severe diarrhoea, but this could 
usually be prevented by ad ding to the diet about 1 6 % of 
shredded filter paper to provide roughage The N contamed 
m this jmoe was nutntionally adequate for mamtenance, 
but proved barely capable of supportmg growth even when 
fed at a level of 3 % on the dry weight of the diet 

Potato pulp After jmee had been expressed from the raw, 
minced potatoes, the pulp was washed by suspension m 
water and pressed as dry as possible, at which stage it 
contamed about 60 % water It was then dned m a current 
of warm air am^ powdered m a hammer mill The weight 
ratio of the pulp (dry weight) to the expressed jmoe was 
about 20/80, the pulp contamed about one fifth of the total 
N of the potato 

Chemical studies 

Distribution of the nitrogen in the potato The potatoes used 
contamed from about 17to20%Non the dry weight, the 
amount present as protem vaiymg from about 40 to 63 % of 
the total These values vaned, however, with the age of the 
potatoes and conditions of storage, one sample contamed 
47 % protem N when fresh and 43 % after 10 months m the 
chamber at 6° 

In the sample used about one fifth of the non protem N m 
the jmee was present as free ammo acids, two fifths as amides 
and two fifths as mtrogenous bases (see also Nenbeiger 
A Sanger, 1942, Chick & Cuttmg, 1943) The press jmee 
from the washed, mmoed, raw potatoes usually contamed 
about 0 46 g N/lOO ml , about one-third of this was protem 
and about two-thirds non protem N 

We were able to detect at least two protems m potato press 
jmee When the diluted press jmee, from which the starch 
had been largely removed by filtration through thick cham 
cloth and subsequent sedimentation, was adjusted to pH 4 
and allowed to stand, a protem which may be called 
‘ a globuhn ’ precipitated out, the separation bemg facihtated 
by gentle warmmg m an meubator at 30° A second protem, 
‘/9 globuhn ’ was precipitated when the supernatant solution 
was boiled In a sample of fieshly dug potatoes the pro 
jeortion of a to )3 globuhn was about 30/70 , m a sample of old 
potatoes after storage for 1 year, these values were reversed 
and were about 66/36 One specimen oip globuhn which was 
analysed contamed 16 6 % N 

The amino acid composition of tuberm The total heat- 
coagulable protem m the press jmee, as prepared by the 
method of Kon (1928), was analysed by one of the authors 
(E B S ) for its content of the undermentioned essential 
ammo acids The methods used were those of Gale (1946) for 
lysme, Tristram (1946) for valme, leucmes, tyrosme and 
phenylalanme, Maepherson (1946)forargmmeand histidme, 
Lugg (1938) for oystme and methionme, Hess A Sulhvan 
(1945) for tryptophan and Rees (1946) for threonme The 
protem fiee filtrate, from which the tuberm had been 
removed, was concentrated in caeuo, the ammo acidfraotion 
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separated by the procedure of Vickery (1926) and analysed 
for essential ammo acids by the above mentioned methods 
The results, which were published recently (Slack, 1948(1), 
are summarized for reference m Table 1 It will be seen that 
the tuberm is richer m the ten essential ammo-aoids deter 
mmed than is the ammo acid firaction of the ir p n If it is 
assumed that all the protem m the potato has the same 
composition as tuberm, the ammo acid composition of the 
‘ crude’ protem (N v 6) of the whole potato can be oaJcuIateiL 
The values obtamed (oolumn 3, Table 1) show the degree to 
which the content of essential ammo acuda m the ‘ crude’ 
protem of the whole potato is lower than m tuberm The 
significance of this result is dealt with below when the 
nutritive value of the different mtrogenous fraotions is 
discussed 


Table 1 Amino acid content of potato sap 


Amounts of essential ammo acids 
espressed as g /16 g N m 

- A 



(1) 

(2) 

(3) 

Mixture of 


Tuberm 

NP N 

63 parte (1) with 


fraction 

fraction 

47 parte (2)* 

Phenylalanine 

68 

41 

64 

Leuemes 

17 5 

43 

11 3 

Vahne 

6 1 

33 

4 8 

Tryptophan 

1 6 

08 

Ttoeonme 

69 

1 1 

3 7 

Arginme 

60 

26 

44 

Hirtidme 

22 

1 1 

1 7 

Lysme 

77 

1 9 

6 0 

Cystme 

2 1 

1 2 

1 6 

Methiomne 

23 

08 

1 6 


The proportions m which the protem and N par 
present m the sample of potatoes used. 


were 


The figures given by Qroot (1946) are not strictly com 
para e with those obtamed m the present work. Qroot’s 
values refOT to 100 g tuberm of 13 9% N content whereas 
OM m the present work are calculated per 16 g N (see 


Table 1) Nevertheless, except for lysme content, for which 
Groot’s figure is much lower, the divergencies are not too 
great considermg the difficulties of this type of analysis It 
must also be remembered that the values given m this paper 
for the ammo acid composition of the tuberm and the u p ir 
are applicable only to the particular sample of potato studied 
for, even though tuberm itself should be of constant com 
position, the variations which are known to occur m the 
relative proportions of protem and n p n are sufficient to 
Cause great vanation m the ammo amd content of the whole 
potato 

Feeding experiments 

(o) Effect of storage upon the distribution and nuintiie value of 

the nitrogenous constituents of the potato [Exp la, 6, c) 

Samples of threebatohesof KingEdwardpotatoes (6, 8 and 
10) were dried, after steammg and removal of the skm, 
withm 1 month of hftmg Other samples of the same batches 
Were similarly dried after storage for several months, those 
of batch 6 after storage for 10 months m a chamber mam 
tamed at 6°, those of batch 8 for 5 months m a clamp m the 
Open followed by a further 6 months m a chamber at 5° 
those of batch 10 for 6 months m a clamp Analysis of the 
potatoes of batches 6 and 8 after storage for 10 months 
showed a shght mcrease m the N content on the dry weight. 
Indicating loss of non mtrogenous matenal durmg storage, 
presnmaWy due to respuation In the case of the potatoes 
Of batch 10, which had been stored for 6 months only, this 
change was not observed (Table 2) 

The above six samples of dried potatoes were incorporated 
fis source of N m six diets, nos 72 and 73, 74 and 75 and 122 
and 123, re^eotively Potato starch was moluded where 
necessary to equalize the N contents of the diets, further 
details of the composition of the diets are given m Table 2 
The animal tests with the first four of the above diets were 
inade sunultaneously (m Exp 1 a, 6), those with diets 122 and 
I23 some time later (m Exp Ic) In each case the diets were 
fed to comparable groups of 6-8 fitter mate weanling rats 
for a penod of 7 weeks, the food mtake and the economy of 
ntilization of the N eaten was measured during 1 week m 


Materials 

Pried King Edward 
potato 


Table 2 Composition of materials and diets used in Exp 1 
(The proportions of constitnents m the diets are given m parts by weight ) 


Batch 

no 

8 

8 


10 

10 


State of potatoes 
Newly lifted 
Stored 6 months m 
damp +6 months 
at 6° 

Newly lifted 
Stored 10 months 
at 6° 

Newly fifted 
Stored 6 months 
m clamp 


Potato starch 

Hardened nrnchis od 
^alt mixture* 
f^od lu cr oil 

A'cragc N content of diet (oj, of diy wt )t 


Protem N 

Moisture N(%of (% of 
(%) dry wt ) total N) 

12 6 1 88 42 8 

10 9 2 04 37 3 


12 2 
121 

10 7 
10 7 

10 

(approx ) 


1 82 
1 86 

1 98 
196 

0 01 


47 2 
42 9 


Exp lo Exp 16 Exp Ic 


Diet Diet Diet Diet 

72 73 74 75 

100 — — — 

— 91 — — 


100 — 
— 98 




1 

1 73 


4 

0 

1 

1 70 


1 

1 06 


Diet 

122 


93 


4 

2 

1 

1 65 


Diet 

123 


1 

1 78 


93 


4 

2 

1 

1 80 


Bioch 


•cm 1949 45 


* McCollum, Simmouds A Pitz (1917) 
t Over whole 7 week period of the tests 
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Exp 1 a, 6 and during 2 weeks in Exp 1 c Average growth 
curves of the rats in all three experiments are presented 



Fig 1, Exp 1 o-c Average weight curves of rats mamtauied 
on diets containing nitrogen from potatoes dned as follows 


Curve 

Potato 

sample 

Dned 

Diet 

jNT m diet 
(% ofdrv wt 

A 

KE8 

Freshly dug 

72 

1 73 

B 

KE8 

Stored 10 months 

73 

1 70 

C 

KE6 

Freshly dug 

74 

I 66 

D 

KE6 

Stored 10 months 

76 

1 65 

E 

KE 10 

Freshly dug 

122 

1 78 

F 

KE 10 

Stored 6 months 

123 

1 80 


together m Fig 1 In each case the rats, having diets con 
tammg potatoes dried immediately after lifting, had a higher 
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rate of weight increase than those roceivmg potatoes dned 
after storage, although there was variation m the extent of 
the difference The greatest detenoration was observed m the 
potatoes of batch 8 after storage for 6 months in a clamp, 
followed by a further 5 months m a chamber at 5° , there was 
a smaller but considerable declme in the nntntive value of 
batch 6 stored for 10 months at 5° The average weekly 
weight mcrease over a 7 week penod of the rats receivmg fresh 
and stored samples of these two batches were, respectively, 
18 4 and 13 6 g (batch 8) and 16 5 and 14 4 g (batch 6) With 
the potatoes of batch 10, which had been clamped for 
6 months only, the detenoration was less marked Neverthe 
less, the economy with which the N of this batch was ntihzed 
was considerably reduced by the storage, as indicated m 
Table 3, which gives the average perfonnance/rat/week on 
each of the six diets The same was true of the potatoes of 
batch 8, bnt was not observed with those of batch 6 dnrmg 
the actual week of measurement of the utilization 
These results indicate that the changes taking place m the 
mtrogenons constituents of the potato dnrmg storage, lead 
to a detenoration m them nutntive value 

(6) Nuinhve value of the ntlrogen of the whole potato wUh 
and wtlhoui the peel, compared with that of vanom 
separated wtrogeivms fractions fed atom or in various 
combinations 

Exp 2 Comparison of the nutritive value of the nitrogen of 
whole potato, potato minus skin and potato minus skin and outer 
cortex The skm and outer layers of the potato are noher in 
total N than the inner layers, and also contam a higher 
proportion of msoluble N than the rest of the tuber (Nen 
bergor & Sanger, 1942) In one sample ofpotatoes, examined 
soon after liftmg, the skm accounted for 7 6% of the dry 
weight of the tuber and for about 10 % of the total N Thus 
it seemed desirable to detemune whether the N contamed 
m the skm and outer layers was of greater nutntive value 
than that m the inner parts, or had any supplementary value 
for this Comparison was therefore made of the growth 
supporting value of diets m which the N was suppbed by 
(o) steamed whole potato, (6) the same potatoes steamed 
after removal of the skm, and (c) potatoes peeled before 
steaming to remove the a kin and a layer about 2 mm deep 
of the cortex The potatoes used for the test (batch 0) were 


Table 3 Food tniake and economy of idtlizatton of nitrogen on diets nos 72—76 and 122, 123 


(Average figures/rat/week.) 


Exp 

Diet 

Batch 

State of 

No 

of 

N m 
diet* 

Dry 

food 

eaten 

N eaten 

Average 
wt * 
mcrease 

Coefficientf 
of (apparent) 
digestibility 

Wt mcrease 

, ^ . 

(g /g N (g /lOO g dry 

no 

no 

no 

potatoes 

rats 

(%) 

(g) 

(g) 

(g) 

ofN 

eaten) 

food eaten) 

la 

72 

8 

Newly lifted 

8 

1 72 

78 0 

1 34 

17 0 



12 7 

21 8 


73 

8 

Stored 

8 

1 67 

68 7 

0 98 

77 

— 

79 

13 2 

15 

74 

6 

Newly hfted 

8 

1 64 

717 

1 17 

96 

. 

82 

13 4 


75 

6 

Stor^ 

8 

1 67 

71 4 

120 

10 6 

— 

88 

14 7 

Ic 

122 

10 

Newly hfted 

6 

1 78 

853 

161 

18 7 

76 9 

12 4 

219 


123 

10 

Stored 

6 

1 80 

81 6 

147 

14 0 

78 9 

96 

17 2 


™ fifth week, Exp 16, sixth week, Exp Ic, 

. N eat en (g ) — N” m faeces fg ) 
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Btearaed and dried within 2 months of lifting and had been 
stored m a clamp m the open 


Tabled Composition of matenaU 
and diets used in Exp 2 



Dry 

N 

Diet 

Diet 

Diet 

matter 

(% of 

60 

61 

62 

ilatenal 

(%) 

dry wt ) 

(g) 

(g) 

(g) 

Steamed whole potato 

22 2 

1 72 

600 

— 

— 

(batch 6) 






Steamed potato 

22 0 

107 

— 

500 

— 

mmus skm 






Steamed potato minus 

21 2 

163 

— 

— 

600 

skm and outer cortex 






Maize starch 

90 

0 03 

8 

6 

— 

Hardened arachis oil 



4 

4 

4 

Salt mixture* 



2 

2 

2 

Cod hver od 



1 

i 

1 

Average N content of 



1 64 

1 66 

1 68 


diet (% of dry wt If 

* McCoUum etol (1917) 
t Over whole penod of teat, 7 6 weeks 

Details of the three diets used (60, 61 and 62) are given in 
Table 4 They were fed to three groups of htter mate rata 
for 7 5 weeks and measurements of food mtake and of 
digestibdity of the N were made darmg four successive 
weekly penods 

FromFig 2 itis seen that the bestgrowthratewasobtamed 
on diet 52 which contamed the inner portions only of the 
potato, the average weekly weight mcrease over the whole 
penod of the test being 13 9 g The corresponding figures 
for the diets contammg the skinned and tinakinned potatoes 
were 12 7 and 11 8 g respectively 

In this, as m all cases mvolvmg the mtrogenous matenal 
in the potato, it is not possible to speak of the ‘protem 
efficiency ratio’, or the weight mcrease/g protem ingested, 
seeing that so great a proportion of the N is of a non protem 
nature The ratio, weight mcrease (g )/N mgested (g ) may, 
however, besubstituted ThevaluesofthisratiocoiTespondmg 
to diets 60, 61 and 62 for the 4-week penod m which the food 
mtake was measured were respectively 9 6, 10 2 and 11 4 
(Table 6) The mclusion of the N of the potato skm and outer 


cortex m diet 60 resulted m a lowermg of the digestibihty 
of the N, the coefficient bemg 74 2% as compared with 
77 8% for diet 61 and 78 6 % for diet 62 



Fia 2 Exp 2 Averageweightonrvesof eightratsmamtamed 

from weaning on diets contammg 1 64-1 68% N (on dry 
weight) derived from potatoes (sampleKE 6) A, 
dried after steaming with skm retamed f ’ 

potatoes dried after steaming, skm removed (^t 51), 
C, peel to a depth of about Z mm removed from the 
potatoes before steammg (diet 62) 

The slightly lower digestibihty of the N m diet 61, which 
contamed the potato skm. was not considered re^onnble 
for the inferior growth supporting capacity 
This conduBion was confirmed by the results of a further 


Tabled Exp 2 Food intaLe and economy of utilization of nitrogen on diets nos 50-62 






Dry 

(Average figures/rat/week.) 

Faeces 

CJoefficaentt 

of 

Average 

Wt mcrease 
^ 

Diet 

no 

50 

Source ofE’ 
MTiole potato 
(bitch 6) 

ft hole potato 
(batch 6) 

Mo 

of 

rats 

8 

Nm 

diet* 

(%) 

1 53 

food 

eaten 

(g) 

71 1 

N 

eaten 

(g) 

109 

passed 

(drv 

wt,g) 

542 

N m 
faeces 
(g) 

0 281 

N (apparent) wi. 

digested digestibihty increase 
(g ) ofN (g ) 

0-809 74 2 10 4 

(g/g N 

eaten) 

95 

(g Is N 

digested) 
12 9 

51 

8 

1 65 

74 6 

1 15 

4 82 

0256 

0 896 

77 8 

11 8 

10 2 

13 2 


mmus skm 












52 

VCioh potato 
(hatch 0) 
mmus skm and 
outer cortex 

8 

1 68 

803 

1 27 

540 

0 271 

0 997 

78 6 

14 4 

114 

14 3 


* Average durmg 4-\veelv penod in which food intake was measure 
^ N eaten (g ) -K m feeces (g ) 

I “ Vr ; — . ■- ■■■ - - X lUv 

N eaten (g ) 
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experiment (Exp 6, Table 7) made for a different p^ae, 
m^oh the control testa with whole potatoes “^ud^ ^ 

ofthosednedwithandwithonttheBkiii(diet8 107 Md 107^, 

Table 6) The performance of the rata receiving the tormCT 
iras markedly mfenor to that of those receiving the dned, 
Bkmned potatoes as regards weight morease and utilization 

ofNandof total calones. The average weeklyweightincrea^ 

over a 7 week penod were respectively, 8 2 and 10 8 g , the 
ratio, weight morease (g )/N ingested (g ), over a 2-we^ 
penod m which food mtake waa measured, was reapeoUvely, 
7 2 and 10 1 The digestibility coefificients of the mtrogen m 
the two diets were 76 3 and 76 8% respectively 

Exp 3 The niitnUve value of the nitrogen in Hit pToUtTi-fr^ 

juice fed done, or mixed with tubertn, compared with, that of the 
nitrogen of the whole potato A diet was prepared in which the 
mtrogen was provided by the protem ffee jmee of the potato. 
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inthewholepressjmce(ratio 1 2 ), the average weekly^ht 

increase dnrmg the foUowing 2 weeks was 9 1 g (Eig 3, 
Curve Bf) When, during the next 3 weeks, the proportion 
of protein to N J n was ad]nsted to that in the sample of 
whole potato used (ratio 44/66), the average weeUy weight 
moxeasewaseSg (Fig 3, Curve B.) These ^ts show the 
supplementary relation of the njjt for that of tnbe^ 
seeing that on a diet containing the same amoMt of M 
denved from the protem alone the average weekly we^t 
morease was 9 6-9 7 g (Table 7, Exps 4 and 6) The 
remaining three rate in Exp 3 were given a 00^7 
posed diet containing 17% mtrogen provided from ^e 

Uole potato During the following 6 weeks steady gro^h 

ocourred with an average weekly weight morease « 19 g « 
showing that m the case of the whole tuber the mixture of 
protem and 5 r n nitrogen was even more efBcient. 



Fig 3, Exp 3 Average weight oorves of weanling rata 
mamtamed on diets containing Ndenved from A, protem 
free press jmee (1 9-3 0%N on dry wt ), tuberm N 
and non protem N m proportion of 1/2 , B,, m proportion 
of 44/66 (1 7-1 8%N on dry wt ), O, whole dned potato 
(mmua skm, 1 7 %N on dry wt ) , D, tuberm (1 7 %N on 
dry wt ) from Exp 5 

il consisted of 95 parts of concentrated jmoe containing 
1 73%N and 20% dry matter, together with potato starch 
71, hardened arachis oil 4, salt mixture 2, and 1 part each of 
cod h\ cr oil and shredded 61ter paper, the average N content 
on the dry weight iras 19% It was fed to a group of six 
\ oung rats After 2 weeks on this regime, during which there 
iras no appreciable gam m weight, the proportion of jmee 
m the diet iras mereased to raise the N content to 2 3% on 
the dry weight ivithout effect and m the followmg week to 
’^'9%, at which level the animals gamed on average weight 
of 4 3 g 111100, however, at the end of the fourth week, three 
of the ammala were given a similarly composed diet con 
taimng 1 7-1 S®,, E on the dry weight, provided by a 
comhmation of tuberm with protem free sap, to provide 
hi from these m the proportion m which they were present 



Fig 4, Exp 4 Average weight curves of four ^ 

mamtamed from weaning on diets contain^ /o 

(ondiy wt )denvedfromA,whdednedpota^(^t35A , 

B, ^berm separated from the press jmee (diet 39), 

C, whole press ]mce (diet 36 B) 

Exd 4 Thenutritive value of the nitrogen {protem and non 
nitn^ to tf7 iS N (L the dry weight), denved from 

Z ~ i .n » hS.g, M t. «». 

the sources g iireanmg 

(re^T^le C)^'e^«solt3 of this expenment are summarize 
m Table 7, and the average growth curves of the rats m the 

tl. rtd, told 

potato M source of K was ogam betto than that of those 
LieiTing the mixture of protem and w as these are 
the whole press )uice. the 

mcreases over a penod of 6 weeks being 1- 4 and 9 7 g 
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respectively The digestibihty of the N m the latter, whioh 
contained simpler mtrogeneous material, was naturally 
higher (coefBoient 83 %) than that of the former (coefficient 
75 6%) The N m the separated tuberm had alM a lower 
digestibihty than that of the whole potato, and the weekly 
weight morease (11 0 g ) was also lower The ratios, weight 
morease (g )/N consumed (g ), were similar for the whole 
potato (11 3) and tnherm (110) and somewhat lower (9 6) 
for the press jmce 



Fig 5, Exp 6 Average weight curves of two or three rats 
mamtamed on diets containing 1 66-1 70 %N (on dry wt ) 
derived firom potato, sample KE 8 A, whole potato dried 
without skm (diet 73 A), B, separated protem (tuberm, 
diet 76), C, J from tubenn, I from washed pulp 
(diet 77) 

The results with diets 36 B and 39 demonstrate agam the 
supplementary effect of the N m the protem free fraction of 
the sap for that of the tuberm fraction 

Exps 6 and 6 These were m essentials repetitions of 
Exp 4, but more care was taken m the separations of the 
different fractions In Exp 6 all the fractions were more 
thoroughly washed, m Exp 6 all processes were speeded up 
and washing of the fractions omitted. The N m the three diets 
used m Exp 6, which contamed 1 65-1 7 % N on dry weight, 
was provided by whole potato dried after removal of the skm 
(diet 73A), or by washed dried tuberm (diet 76), or by 
a mixture of tuberm and the washed pulp left after pressmg 
the ]mce from the raw mmced potato (diet 77, m which the 
pulp provided about one quarter of the N, a proportion 
siinilar to that provided by the pulp m the whole potato) 
All these materials were derived from the same batch of 
Kmg Edward potatoes, but there was an mterval of 3-6 
months between the preparation of the whole dried potatoes 
and that of the tubenn and pulp, durmg which the potatoes 
were kept m a chamber at 5° 


1949 

The performance on the diet contammg the whole potato 
was agam the best, the average weekly weight mcrease over 
a penod of 6 weeks a as 10 1 g , the ratio weight mcrease 
(g )/N eaten (g ) durmg 3 weeks was 9 5, the coefficient of 
digestibihty 79 2 The correspondmg figures for the rats 
receivmg their N from tubenn were 10 5 g , 8 3 and 56 4%, 
and for those receivmg it from the combmation of tubenn 
and pulp 8 6 g , 6 8 and 47 6 % The above values for the 
economy of utilization of the N are certainly influenced by 
the low digestibihty of the N m the tuberm and the pulp 



Fig 6, Exp 6 Average weight curves of five rats mamtamed 

from weaning on diets contammg 1 74-1 82 %N (on dry 
wt ) denved from potato sample KE 10 A, whole potato 
steamed and dned with skin (diet 107), B, whole potato 
dned without skm (diet 107 A), C, J from crude tuberm, 
J firom unwashed pulp, f from protem free press jmce (m 
approximate proportions as present m the whole potato , 
diet 108), from tuberm, I from protem free press imee 
(diet 109) 

In Exp 6 the separation of the matenals was effected as 
qmckly as possible to mmimize any changes that might follow 
this mterference with the tissues Neither the protem 
separated from the sap, nor the residual pulp, was washed, 
both were qmckly dned at low temperature immediately 
after separation In order to make the comparison with the 
whole potato more exact, tests were made with potatoes 
&ned without removal of the skm (diet 107), seemg that in 
the preparation of the pulp the skm of the potato was 
mcluded The composition of the diets fed to the different 
groups of rats is set out m Table 6 In diet 108 the fractions 
of the N contnbnted by the tuberm (J), the protem free 
jmce (f) and the pulp (f), were arranged to reproduce 
approximately thefractions contnbuted by these constituents 
m the whole potato The average weekly weight mcrease 
(6 9 g ) of the rats on diet 108 over the 7 weeks of the test 
was, however, significantly less than that of the ammals on 
diet 107 receivmg their N from the whole potato with its skm 
(8 2 g ) In diet 109 the N was contnbuted equally by the 
crude tuberm and the protem five jmce, an analysis of the 
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^ 7^-79 0/1 for whole potato Nevertheless, it 

wholednedpotetoby Stutor’B(1880)meW^^^^ fe3doubtM whether a difference m digestibility 

that m this saitiple aVioiit 60 A of the N 'was entirely account for the equal or 

p«L On to diet the average weekly weight ino^e yato ofThe 

was 7 9 g , a valae which should be compared with that of superior nutritive vato potato 

10 8 c achieved on the diet contammg the whole potato jjoq protein nitrogm 

after the removal oftheskm (see Itg 6) i x 4.v compared With tliat of tubenn ^ 

The values for Exp 6 m Table 7, which refer ody to the oomplementarj^ action m nutntive effect 

penod of 2 weeks during which measnrementa of the food protem and non protem nitrogen in t 

and N mtake and of the digestibflity of the N were made, ^ clearly shown m the present work In 

show the lowered degree of digestibihty and of nttotion P non-protem mtrogen m the expressed 

ofN when the pulp was mcludedm the diet laemto^ of ^ possess no growth supportmg 

protem and N J N m diet 109 also fonctioned less effiamtiy sap incorporated in a diet to the extent 

than the mixture m the whole potato after removal of e capacity Nevertheless, when one- 

akm (diet 107 A), with which in to case the comparison of 2% on dry weight Nevertneiess, 

should stnctly be made Nevertheless, the results show 
clearly the existence of a nntntionally advantageous mter 
action between the protem and x TJf of this diet 

In all the above testa the N m the skinned whole potato 
was more economically used than any other fraction or 
combination of fractions except, possibly, the sample of 
tuberm tested m Exp 4. Some possible explanations of this 
foot are discussed below 


DISCUSSION 


The mam experimental findings of the present work 
are surmnanzed m Tables 1, 3, 6 and 7, and it is 
mskwly around these results that the discussion is 
ceritred One conclusion that may immediately be 
drawn concerns the extreme labihty of the nitro 
genous constituents of the potato, both as regards 
their chemistry and their nutntive value The 
detenoration m nutntive value on storage of the 
potatoes tested m Exp 1 a-c (Table 3) is obviously 
m keepmg with the changes m chemical composition 
reported on p 212 From these findings alone it is 
obvious that any attempt to collate a senes of results 
obtamed on such labile matenal over a period of 
some jears will meet with considerable difficulty 
Tlie tiisk IS made less easy when it is reahzed that the 
mildest chemical mampulations of the experimental 
matenal niaj produce changes profoundly affectmg 
the nutritive value of its nitrogenous constituents 
The potato tuber is a hiung, changmg system aud 
the processes mvolved m the separation of its con- 
stituents, no matter how carefully operated, seem 
to brmg about unknown changes detrimental to 
nutntno \alue Thus m Exp 6 the nitrogen of 
ft recombination of tuberm, protem free ]uioe and 
potato pulp had a nutntive value appreciably lower 
than that of the correspondmg whole potatoes from 
which thoj liod been prepared, the digestibihty of 
the nitrogen of the reconstituted potato was only 
09 2 as compared inth 76 3% for the mtrogen of 
the whole potato 

Tlie digestibility coefficients of the mtrogen of the 
jireparntions of tuberm used tliroughout the series of 
e\penments were lower than that of the whole 
ixitftto mtrogen, the mean value bemg 63 % (range 
60-70 %) ns compared with the mean v alue of 76 % 


of t^ mtrogen was replaced by tubenn 
STogen, in a diet containing 1 7-1 go/, mtrogen 
growth was promptly mitiated at a rate 
to that supported by a similarly composed ffiet 
contamn^trogen derived tolely 

Fik 3) A sumlar result can be denved from Exp 4, 

where rats, which received their supply of mtrogen 
rSe of protem «.d »oa pr«m rntrogeo 

nresent m the expressed sap (diet 36B), g 
Srmance of the same order as that of htter mates 
whose diet (39) contamed a s^ar P^portion of 
nitrogen from tubenn (see Table 7 and Fig 4) 

No^pplementary action could be demonstrated 
between tubenn and any msoluble protein 
S the potato pulp, either when th^ 
were fed directly m combustion as m ^ 

oomnared mdirectly as m Exp 2 In the mter 
exp^ent the removal of the skin and outer co^^ 
T^oh are the parts richest m the msoluble protem, 
mcreased rathSr than decreased the nutntive value 

of the remamder of the potato rx u 

The results of ammo acid analyses of 
protem free jmce do not provide an expiration ter 
Se complementary action between the^^ ^tw^ 

S^yrepL—roS^^^^ 

ardmp. - 

With separate P niace durmg separation of 

chemical chants -th the 

thefracUons, msm , ,.phepotatomaycontam 

mtactpotatoimr- bte 

rbstences, oth^ th^J^rot ^ the usual chemical 

mtlhodT^f exammation, but which are ^pable ot 
“ ertS a supplementary or sparing effect upon 

protem 
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A recent paper by Rose, Oesterbng & Womack 
(1948) contains a description of experiments m which 
growth of weanling rats was de fini tely stimulated by 
addition of 2 % glutamic acid to a diet m which the 
mtrogen, adequate m amount, was supphed as a 
mixture of the ten ‘essential’ amm o acids It is 
therefore possible that some nutritional significance 
attaches to the relatively large amounts of glutamme 
present m the potato tuber In the sample of Kmg 
Edward potatoes, of which the anal 3 ^is is given m 
Table 1, 11 4 % of the total mtrogen and 24 % of the 
non protem nitrogen were present as glutamme, the 
corresponding values for the content of free ammo 
acids hemg 10 1 and 21 6 % respectively 

SUMMARY 

1 In the variety of potato studied. King Edward 
grown m the Fenlands, the total mtrogen laned 
from 1 7-2 % on dry weight, the proportion present 
as protem varied from about 40 to 50 % and was 
shghtly lowered when the potatoes were stored. In 
the expressed jmce of the raw potatoes about 30 % 
of the mtrogen was protem mtrogen of the non- 
protem mtrogen about one fifth was present m free 
amino acids, two fiftlis m amides and two fifths m 
mtrogenouB bases After extraction of the residual 
pulp with salt solution and aUcah, 7-10 % of the total 
mtrogen remamed unextracted 

2 At least two soluble protems were detected m 
the press jmce after deposition of the particles of the 
starch , one (a globuhn) precipitated from the diluted 
sap on st andin g at pH 4, the other (|3 globuhn) on 
bo ilin g the filtrate therefrom In one specimen of 
freshly dug potatoes the ratio of a- to ^ globuhn was 
about 1/2 m a sample of stored potatoes it was 
about 2/1 

3 Both the nutritive value, judged by capacity 
to support growth m weanhng rats, of the mtrogen 
m the whole steamed potato and the economy of its 
utilization, were less than those of the mtrogen m 
potatoes deprived of the skm and still lower than 
those of the mtrogen m peeled potatoes from which 
a layer of 2 mm thickness had been removed 

4 The growth promotmg value of the potato 
mtrogen was usually found to be diminished after 
storage , the extent of deterioration depended on the 
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conditions, bemg least after storage at 5° The ratio 
of protem to non protem mtrogen was also lowered 
after storage 

6 On the beisis of mtrogen content, the nutritive 
value of tuherm prepared fron the sap by heating 
at 80° at pH 4 0 was not superior to that of the 
mixture of protem and non-protem mtrogenous 
material m the whole potato The non protem 
mtrogen m the press jmce, after removal of the 
tuberm, was unable to support growth, hut when 
combmed with tuberm m the proportions (66/44) 
m which non-protem and protem mtrogen existed 
m the whole potato, the nutritive value was raised 
to a level approxunatmg to that of tuberm, although 
stdl mfenor to that of the mtrogenous mixture in 
sUu m the mtact tuber This result shows the 
existence of a complementary nutritive action 
between the protem and non protem mtrogen m the 
potato 

6 The coefiicient of (apparent) digestibdity of 
the mtrogen was about 76 m the mtact potato, about 
66 for tuberm, 83 for the press jmce and about 69 for 
the artificially reconstituted potato The relatively 
low digestibihty of the mtrogen m the separated 
protem, and of that m the rmxture of this with the 
pulp, may partly account for the mfenor nutntive 
value of the artificially reconstructed potato com 
pared with the ongmal it was designed to simulate 

7 The supplementary nutntive effect between 
the tuberm and the protem free fraction of the press 
jmce could not be explamed m terms of their ammo 
acid contents Nor, unless the potato contains an 
insoluble protem ncher m essential ammo acids than 
IS tuberm, should the whole potato furnish these 
ammo acids as abundantly as can tuberm The 
somewhat mfenor value of tuberm, compared with 
that of the mixture of mtrogenous substances m the 
mtact tuber, may possibly be due to chemical 
degradation durmg its separation 

We desire to thank Sir CHiarlea llartm, F R S , for his 
encouragement and helpful onticism durmg the course of 
t.hiH work and for his hospitahty at Roebuck House, Chester 
ton, Cambndge, to which, at hia mvitation, the Division of 
Nntntion of the Lister Institute was evacuated during the 
war years We are also mdebted to Mrs 31 E 31 Cuttmg for 
help m carrying out Exp 3 and to 3Ir G W Flynn for 
assistance in the care of the experimental ammals 
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NITROGENOUS SUBSTANCES OF THE POTATO 


The Pectic Enzymes of the Mould Byssochlamys fulva 
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Unncrsity of Bnslol Fruit and Vegetable Preservation Research Station, Campden, Glos 
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The fungus Byssoclilaniys fuha was discoiered bj 
OUiver & Smith (1933), and its action on poetic 
substances first studied bj Olhver A Rendlo (1934) 
Hirst A AIoMaster (1932-3), HuU (1933-4, 1934-6, 
1939) and Gillespy (1936-7, 1939, 1940, 1940) have 
described its characteristics, whde its metabohe 
products have been mvestigated by Raistrick A 
Smith (1933) It denves its economic importance 
from three characteristics, two of wluch are unusual 
or ev en umque (a) its ascospores hav'e an abnormally 
high heat resistance and can readily withstand the 
normal processes used m bottlmg fruit, though onl> 
a small proportion surviv'e the higher temperatures 
used m canning, (6) it can grow under conditions of 
greatly reduced oxj^gen tension, e g m canned and 
bottled fimt, and (c) it secretes pectic enzymes which 
can cause dismtegration of the frmt tissue Asco 
^ores of B fulva are thus hable to 8urviv''e the usual 
ottlmg processes and cause more or less complete 
Dreakdo^vn of tlio frmt 

The present work is an attempt to identif}"^ the 
particular pectic enzymes mvolved The nomen- 
c ature used m tlus paper is m conformity with 
current views on the structure of pectm (Bfirst 
ones, 1946), wluch support the classification of 
^ctio enzymes proposed by Kertesz (1936) (1) pro 
pectmase (or pectosase) which converts proto 
pectm mto soluble pectm, (2) pectm methoxylase 
(or peetese) which converts pectm mto pectic acid 
nn met anol, and (3) pectmase (probably a group 
o enzymes) which causes a reduction m the mole 
Size of the pectm and leads ultimately to 
ga acturomc acid. The group contains at least 
a ciiBaggregatmg enzyme and polygalacturonase 


EXFERBIENTAL 

8b^^" (1) I’ottled frmt which 

a pronounced disintegration due to mfection with 


B fulva, the fruit juico bemg separated from the dis 
integrated fruit tissues by repeated filtration through cotton 
wool , (2) Czapek Dos solution on which a pure onlture of the 
mould had been grown, (3) extracts of the fungal mycehum 
coUeoted from vanoiis types of onlture solution More con 
centrated enzymo preparations were oblamed fiom each of 
these sources by the addition of ethanol (3 vol to 1 vol of 
solution) and separation of the flocoulent precipitate m 
a centrifuge The sohd product was freed from ethanol by 
drymg over CaClj m an evacuated desiccator and then dis 
solved m a small volume of water The solnhon was kept 
sterile by storage at low temperature over CHQ, 

Substrates Potato disks of standard dimensions (1 2 cm 
diam , 0 6 ttitti thick) prepared on a simple hand microtome 
were used for tho protopeotmaso tests Pectm solutions 
(prepared from citrus pectin, 100 grade, Bntish Dreg Houses 
Ltd ) and polygalacturomde methyl ester, prepared by the 
action of meBanoho HCl on pectm (Morell, Baur & Link, 
1034) were used for the pectm methoxylase and peotmase 
tests Pectic acid, prepared by demethoiylatmg pectm with 
pectm methoxylase from tomatoes, was also used for some 
of the pectmase tests 

Methods employed for enzyme detection {a) Protopectmase 
was detected by its maceratmg action on thm d i s k s of 
potato tuber at 37° The disks were periodically removed 
from the enzyme solution and any maceration observed by 
gently pulhng them with blunt-ended forceps The results 
were placed on a semi quantitative basis by using a scale of 
softenmg rangmg from ‘just detectable ‘ (+) to complete 
dismtegration* (+ + + +) {b) Pectm methoxylase activity 
was exammed by Kerteaz’s (1937) method m which the 
carboxyho aoid groups set free by the action of the enzyme 
are titrated with dilute alkoh, usmg methyl red as mdicator 
(c) Pectmase activity is difficult to assess because of the 
complexity of the reactions mvolved. Penodio detennma 
tions of the viscosity and of the reduemg power of pectm 
solntaons on treatment with the enzyme preparation were 
chosen as measuring respectively the concentrations of 


tinnVin.r> gefi BubstratG Mid, tliG fip flil dGcoMposition product, 
D galocturonio acid 

Blank experiments with heat-inactivated enzyme Bolutions 


war© mcluded m all tests 
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RESULTS 

Protopectinase Protopectinase activity was de 
tected m four out of seven cultures of B fulva in 
Czapek Dox medium all contauung 6 % glucose, and 
m some cases, 0 06 % asparagme The moat active 
culture gave + and + + ratings m the potato disk 
test m 3 and 18 hr respectively Two of those 
mactive were anaerobic cultures with submerged 
flocculent myceha, m contrast to the thick white 
surface myceha observed m aerobic cultures at 
pH 3-4 The single mactive aerobic culture was 
grown at pH 6 and formed a partly submerged 
mycehum similar to the anaerobic cultures There 
was some mdication that the addition of asparagme 
to the culture medium enhanced the production of 
protopectinase 

Protopectinase activity was detected m five out 
of six specimens of bottled frmt (plums, damsons, 
gooseberries) showmg partial or complete dis- 
mtegration of the frmt tissue Tlie most active 
specimen gave a potato disk ratmg of + + m 6 hr , 
the remaining four showmg + + + m 24 hr 

Activity tests over the pH range 2-8 were made 
with filtered fruit jmce, the pH of the jmce bemg 
adjusted with n acid or alkah Maximum activity 
was observed at pH 4-6 (cf Davison & Wdlaman, 
1927 , Brown 1916,whogavepH 6and6re8pectively) 
Experiments on the thermal mactivation of the 
enzyme at pH 4 eue shown m Table 1 The results 
mdicate that the enzyme is completely mactivated 
m a medium of pH 4 by exposure to a temperature 
of 66® for 6-10 min 

Table 1 Effect of heat on protopectinase 
of Byssochlamys fulva 

Tune of heatmg (mm ) 

, ^ . 

6 10 16 20 


Activity ratmg (see test) 


Temp ( ) 

1 





60 

-H + 

+ + 

+ + 

-1- -1- 

66 

-1- + 

+ + 

+ + 

+ -1- 

60 

■f + 

+ + 

-i- + 

+ 

66 

± 

- 

- 

- 

70 

- 

- 

- 

- 


Pectin methoxylase This enzyme was consistently 
absent from B fulva culture media, from extracts of 
the fungal mycehum, and from the jmce of mfeoted 
bottles of fimt Tlie specimens tested were the same 
as those used m the protopectmase tests 

Control experiments with tomato jmce and the 
commercial pectic enzyme preparation known as 
‘Pectmol 10 M, ’ usmg 1 % pectm solutions as sub- 
strate, showed that Kertesz’s (1937) method is only 
smtable for the qualitative demonstration of pectm 
methoxylase m an enzyme system Quantitative 
tests are made difficult bj an apparent dependence 
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of the activity of the enzyme sample (m ‘Kertesz 
umts’/ird ), on the size of the sample and the 
duration of the test In a typical experiment a 1 % 
pectm solution (40 ml ), which had been adjusted to 
pH 6 6 with 0 1 N sodium hydroxide usmg methyl 
red as mdicator, was treated with 1 ml of a ‘ Pectmol 
10 M’ solution contauung 0 2 mg of the enzyme, 
acid was formed m the solution m 2 5 hr at 16° In 
similar experiments, usmg B fulva enzjme pre 
parations m venous concentrations ( 1-6 ml of the 
concentrated solution m 40 ml of 1 % pectm 
solution), no acid was produced, even after 6 days 
Further experiments at 30° agam pomted to the 
absence of pectm methoxylase activity m the 
B fulva enzyme system, whereas at this temperature 
‘ Pectmol 10 M m the same concentration as before, 
produced acid wothm 1 hr 

Independent pH measurements usmga Cambridge 
pH meter confirmed the failure of all the B fulva 
enzyme preparations to produce acid from a pectm 
substrate 

Pecitnase complex Pectm solutions which were 
treated with B fulva enzjmie preparations at 26 and 
37° showed a rapid mitial fall m viscosity, followed 
by a slower fall to a constant value (see Fig 1) 



Fig 1 Effect of B fulva enzymes on the viscosity of 
1 % pectm solution at 26° 

Simultaneous determmations of the reducmg 
power by the alkahne iodide method (Willsthtter 
& Schudel, 1918 , Ingles & Israel, 1948) mdicatedthat 
only a mmute mcrease took place which was of the 
same order as the experimental error of the estuna 
tion (0 06 ml of 0 1 N lodme) Typical results are 
shown m Table 2 

The results obtamed over the pH range 3-5 were 
quantitatively similar and an optimum pH value 
was not apparent 

Control experiments with ‘Pectmol 10 M’ at 37° 
mdicated that the reducmg power of 0 4 % pectm 
solution did not mcrease until the specific viscosity 
of the solution had fallen to a value of approxi- 
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mately 0 2 Further tests wore thus nmdo ^\ ith n 
B Julva enlZ^^Ile pre^juratioii ni winch the pectin 
solutions were held for long periods nt 37° after the 
viscosity had reached a constant \ aluo {rf^ =012) 
Even 1000 lir after the ^^8coslt^ of the pectin 
solution had become constant, the mcreaso m 
reduemg power remnmed negligible On the other 
hand, 0 4 % pectm solution (40 ml ) w Inch had been 
treated with 0 2 mg of ‘Pectinol 10 M’ at 37° 
rapidly ga\ e anmerease m reduemg poiver equivalent 
to 0 29 ml of 0 1 K iodme/2 ml of pectin solution 

Table 2 Effect of Byssoclilamys fuK a enzymes on 
the viscosity and reducing power of pectin 


Reducing power 
Viscosity of2ni] mixture 


Pectm 


Temp 

(°) 

- - / 

) 

(ml 0 lx IJ 

A 

(%) 

Mixture 

t ^ 

Imtml 

Fmal 

r — ^ 

Imtml Final 

1 0 

Test 

26 

2 22 

0 70 

0 13 

0 16 

1 0 

Blank 

25 

2 2“^ 

1 99 

010 

0 13 

04 

Test 

37 

131 

012 

0 33 

0 33 

04 

Blank 

37 

131 

102 

034 

0 39 


The material recovered bj precipitation w itli 
ethanol from the B fult-a test and from blank 
solutions after the viscosities had become constant 
showed markedly different physical properties The 
precipitate from the test solution w ns non gelatinous 
and flocculent, whereas that from the blank solution 
was gelatmous and volummous, resemblmg un- 
degraded pectm precipitated under the same 
conditions 

^1% polygalacturomde methyl ester solution 
(i),p =0 27) was treated with an extract of B fulva 
mycehum which rapidly disaggregated pectm The 
viscosity of the solution did not fall m 300 hr and the 
redimuig power of the polyester was similarly 
unaffected. 

Jansen &, MocDonneU 
Cf stated that only de estenfied pectic 

substances are attacked by polygalacturonase, a 
s^nsion of pectic acid in water was treated with 
e / wi enzjmes Fadure to obtam any mcrease 
m reduemg power further confirmed the absence of 
polygalacturonase from the B fulva enzyme system 


DISCUSSION 

® produces an 

cUZV t riA aTra+c»»-»-« . - ^ 


nnco X o miupoci 

^ activity Protopectmase activity is found i 
^ny^ngi baotena (Branfoot, 1929) and it he 
manv that the maceratmg action < 

protor^ir IS due to the production < 

E m^H^r consequent destruction c 

iddle lamella Protopectm, the substrate fc 


this on? jme, is ill defined so that work on this enzyme 
has been mainlj qualitative 

Although little attention has been paid to the 
mdmdual components of the complex, thepectmase 
group of enzymes appears to contam at least poly 
galacturonaso and a disaggregatmg enzjme Many 
workers ha\o obtained poctmase preparations wnth 
\erj marked polygalacturonoso activity, thus 
Ehrlich (1933, 1936), DIottem A Cole (1939), and 
Manx die, Reithol ik Yamada (1939) have broken 
down picctm completely mto d galacturomc acid 
On the other hand, Kertesz ( 1939) has observed that 
manx pectmaso preparations from various Pemcilha 
bring about the development of only a small fraction 
of the maximum possible reduemg power from 
pectin This variation m activity may be due to the 
existence of two or more polygalacturonases, actmg 
on pectic substances of various molecular sizes, so 
that all the enzjnnes are necessary to brmg about the 
complete sequence of reactions required to produce 
D galacturomc acid Kertesz (1939) has suggested 
that two different types of enzyme are mvolved m 
pectmaso actmtv, the first disaggregatmg the 
pectm molecule, wuth a consequent faU m viscosity, 
and the second attackmg the product so formed, 
opemng the glycosidic bonds between the uromc 
ocid residues with a consequent mcrease m reduemg 
power 

The results of the present mvestigation mdicate 
that a verj' large reduction m the molecular size of 
pectm 18 brought about by the enzyme sj'stem of 
B fulva, without any mcrease m reduemg power, and 
therefore wnthout anj fission of glycosidic bonds 
This result is an extreme case of the phenomenon 
noted by Kertesz (1939) amongst the pectmases of 
various Pemcdlia It is eonsidered that the results 
pronde confirmatory evidence for Kertesz’s mew 
that the large molecular size of pectm is mamJy due 
to the existence of aggregates, consistmg of relatively 
small polyuromc acid umtsjomed by linkages which 
are not glycosidic but possibly of the nature of 
hydrogen bonds 

SUMMARY 

1 The enzyme system produced by the mould 
Byssochlamys fulva has been exammed Evidence 
has been found for the presence of protopectmase 
and a disaggregatmg enzyme which reduces the 
molecular size of pectm without the production of 
galacturomc acid 

2 The production by a fungus of a pectmaso type 
of enzyme which is fi:ee from pectm methoxylase heis 
not been reported hitherto 

The authors would hke to express their thanks to Mr W B 
Adam and Dr T Q Qdlespy for their interest and advice 
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Little IS known about the metaboho fate of injected 
surannn, the trypanocidal drug which is retained m 
the body for several weeks or even months after its 
mjection Even before satisfactory methods for the 
determmation of suramm became available, how 
ever, it was suggested that the mjected drug com 
bmes with the body protems (for a review of the 
early hterature see Fmdlay, 1939), and this view 
received support from the observation that the 
addition of suramin effects marked changes m some 
of the properties of certam proteins , for example, the 
serum proteins are protected against heat coagula 
tion (CoUier, 1926, 1927) and against precipitation 
by t annin , mercuric chloride and certam other re- 
agents (Ju-ovec & Kocian, 1930, Kocian, 1936), the 
isoelectric pomts of some immune substances are 
altered (Klopstock, 1932), and the drug inhibits 
a few enzymes, e g try^ism (Be ilins ohn, 1929), 
fumarase (Quastel, 1931) and hyaluromdase (Beder 
& Martm, 1948) 

Quantitativ e measurement of the amount of sura 
m i n which combmes under varying conditions with 
the plasma protems of animals mjected with the 


drug, or m experiments in vitro with various protems, 
became possible when a satisfactory chemical 
method became available for the detenmnation of 
the drug (Dangerfield, Gaunt & Wonnall, 1938) 
Usmg tins method it was conclusively shown that 
suramm can combme with many different proteins 
(serum globuhn, fibrmogen, casern, gelatm) under 
physiological conditions of pH and temperature 
(Boursnell & Wormall, 1939, Dewey & WonnaU, 
1946) 

At present we are mvestigatmg the action of 
suramm on enzymes It was thought, therefore, 
that a study of the conditions under which the drug 
combmes with proteins, and a further mvestigation 
of the nature of the linkages concerned, might throw 
some hght on the specific inhibitory effect which the 
drug exerts on some enzyme systems It was also 
hoped that useful information might be obtamed 
about the mechanism whereby suramm mactivates 
complement and the blood clottmg system 

The present paper describes a study of (i) the 
stabfiity of the link age between the drug and various 
proteins, (u) the influence of pH on the combmation. 
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(m) the failure of suramin to combme, tn. vivo and 
in viiro, -with the protems of the mtact red blood cell, 
(iv) the fate of mtravenously mjected surainin- 
protem complexes and (v) the protem groups ivhich 
might be concerned ivith the bmdmg of suramm 


METHODS AND JIATERIALS 

Suramin deiemiinatioM These irero earned out ns de 
Bcnbed previously (Dangerfield et al 1938, Boursnell, 
Dangerfield Wormall, 1939, Dewey L 'Wormnll, 1948) 
The values for rabbit plasma have been corrected for the 
small amount of ammo precursor (equivalent to about 
1 Omg suramin/lOO mb) prescntmnormal plasma Asimilar 
correction has been made for the precipitated suramm 
protem complexes, but this blank value is usually negligible 
(equivalent to 0-01-0 02 g suramm/lO g protem N) 

Total N detenmnations were earned out on most of the 
precipitated suramm protem complexes, and the suramm 
contents of the complexes (except those referred to in 
Table 1) are given as g of summm/100 g of the complex, 
allowance bemg made for the N content of suramm (6 88 %) 
The N content of the untreated protems was assumed to bo 
16 % for the mixed serum proteins and 16 70 % for crystaUmo 
egg albumm (ChibnaU, Rees A Withams, 1943) This method 
of recording the results was adopted smeo the methanol 
precipitated complexes contamed appreciable amounts of 
morgamo matenaL 

Injeeiiont The solutions of suramm or suramm protem 
complexes, m 0 9% (w/v) NaCl, were mjected mto the 
marginal ear veins of rabbita, and blood samples wore taken 
from the ear not used for the mjection and collected in 
oxalated’ tubes The plasma was then separated as quickly 
as possible 

Amino N determinations These were made by titration 
from pH 7 to 9, with a further titration back to pH 9 after 
the addition of excess of neutralized 20% formaldehyde 
solution (For full detafls see Boursnell, Francis L WormaB, 
1948) 

Buffer solutions The ‘Umversal* buffer (Baird and Tatlook 
(^adon). Ltd ) of Johnson & Lmdsey (1939) was used for 
me range pH 3-9, and the sodium acetate HCl buffer of 
'Wpole (cf Vogel, 1944) for pH 1 For some expenments 
^ D1CO3 buffer of pH 7 6 was used 

Egg albumin This was thnee crystallized hen ovalbumin 


RESULTS 

The preevptiatum of suramin protein 
complexes by dilute acid 

It was found, that mixtures of suramm and seru 
gave heavy precipitates when the solutions xve 
e shghtly acid, the pH of max imum precipit 
tion varying -with the protem used and the amou 
ot ^anm added. These precipitated complex 
ontamed much suramm, and it was decided 
eten^e whether repeated solution and precipit 
ion of th^ complexes would alter them suram 
content In a typical expemnent the drug prote 
wmplex was precipitated from a mixture of s™ 
d human serum by adjustmg the pH to about 4 


followed by solution m 0 9 % NaCl at pH 7 6, and 
aropotition of the precipitation a further seven times 
Annlj'sis of the precipitates, some washed wuth 

0 9% NnCl and some washed with methanol, showed 
that there was xery marked consistency in the 
suramm content of the complexes durmg this serial 
precipitation, even up to the eighth precipitation 
(Table 1) The methanol washed precipitates con 
tamed shglitR less suramm than did those washed 
with NaCl, but m this case also there was no fall m 
the eurninm content of the complex durmg five 
precipitations 

Table 1 Suramin content of acetic acid precipitated 
suramin protein complexes from a mixture of 
suramin and human scrum 

(Suraniin, 1 0 g dissolved m 6 0 ml of 0 9% NaCl, was 
added to 160 ml of human serum and the mixture kept for 

1 hr at room tempomturo Tho suramm protem complex 
xras then precipitated bv the addition of N HCl and finally 
2n acetic aoid to give maximum precipitation (pH about 
4 0) Suramm detormmations were made on part of the 
precipitate and the rest was dissolved m 0 9% NaCl with 
tho addition of a httio 0 76m NajCO, H.COj buffer of 
pH 7 6 Precipitation and solution were repeated a further 
seven times and suramm detenmnations were made on 
samples of tho precipitates washed (o) twice with 0 9 % NaCl, 
or (6) twice with methanol) 



Suramm content of the precipitates (%) 

* - - - - - 

No of 

/ 

Methanol 

precipitations 

NaCl washed 

extracted 

1 

13 4 

11 8 

2 

12 4 

119 

3 

13 6 

12 4 

4 

13 8 

11 8 

6 

13 3 

13 1 

8 

12 8 

— 


In other expenments egg albumm solutions were 
treated xvith varying amounts of suramm, the con- 
centration of the drug m the mixture rangmg from 
0 21 to 167% (le 1 6-11 7xl0-='ii) The drug 
protem complexes were precipitated by adding 
acetic acid, and after five precipitations contamed 
10 74-17 64 g of suramm/lOO g of the drug protem 
complex (Table 2) The amount of drug bound by the 
protem m the mixture with the lowest concentration 
of suramm used m this experiment was surpnsmgly 
high, it was 10 74 g suramm/100 g of the drug 
protem complex, this being eqmvalent to the com 
bmation of 12 0 g of suramm with 100 g of protem, 
or 3 7 suTEumn groups/molecule of egg albumm, 
assuming a molecular weight of 44,000 for this 
protem 

The product obtamed from the mixture xvith the 
highest concentration of suramm used m this expen- 
ment contamed 17 64 g of suramm/100 g of the 
drug protem complex This is eqmvalent to the 
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combination of about 21 g of suramm with 100 g 
of egg albunun, or the average mtroduction of 6 6 
suramm groups mto each protem molecule 

Table 2 Coiribination of egg alburmn with 
varying amounts of suramin 

(Varying amounts of a 10% (w/v) solution of suramm 
were added to samples of a 2 36% solution of crystalline egg 
albumm and the mixtures kept at about 14° for 30 mm The 
suramm protem complexes were then repeatedly precipitated 
by the addition of 6 n acetic acid, and dissolved m water at 
about pH 7 6 , five precipitations m all ) 

Suramm content of 





precipitated complex 

Egg 



f 

A 

albumin 

Suramm 



(g/lOOg 

solution 

solution 

Water 

(g /g 

suramm 

(ml ) 

(ml ) 

(ml) 

total N) 

protem) 

20 

06 

36 

0 73 

10 74 

20 

20 

20 

1 18 

16 05 

20 

40 

0 

1 26 

17 64 


Influence of pH on the combination of 
suramin with proteins 

Suramm undoubtedly combmes firmly with serum 
and other proteins at pH 7 6, but the amount of 
Bura i mn combining at that pH is not necessarily the 
same as that present m the suramm protem com 
plexes precipitated from the same solution by the 
addition of acid Experiments were therefore made 
to determme the amount of suramm combmmg with 
proteins at different pH’s The drug protem com 
plexes were precipitated with methanol, without 
materially altermg the pH of the mixture, and the 
precipitates were washed with methanol, m which 
free suramm is very soluble 

N HCl or 0 lx NaOH was added to rabbit serum (2 mb) 
to give approximately the pH required BuSer solution was 
added, together with 0 9 % NaCl to give a total volume of 
6 6 ml The suramm solution (1 0 ml of a 3 % (w/v) solution 
m 0 9 % Nad) was then added to each tube, and the mixture 
was shaken and kept at room temperature for 1 hr with 
occasional shakmg Methanol (20 mL) was then added to 
each mi xture, and the centrifuged precipitates were washed 
four times with methanol (7 ml each time), and dried vn 
vacuo over CaClj 

The results of this experiment (Table 3) showed 
that under these conditions the serum protems com 
bmed at pH 1 or 3 with about twice as much suramm 
as they did at pH 6 At pH 7 the amount of oombmed 
suramm was only about one quarter, and at pH 9 
about one fifteenth, that combmed at pH 6 A similar 
experiment was earned out with egg alb umin over 
the same pH range, but with additional mixtures at 
pH’s 6 and 8 

The solution of crystallme egg albumm (2 ml of 6 8% w/v) 
was brought to the required pH and mixed with buffer, 
0 9 °o I^aCl and suramm solution as in the above experiment 
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with rabbit serum protems The suramm protem complexes 
were precipitated and washed with methanol and were then 
dried and analysed 

The results (Table 3) were similar to those obtamed 
with the serum protems, they shoxved that much 
more suramm combmes with protem m the more 
acid solutions used m these experiments 


Table 3 The influence of pH on the combination of 
suramin with normal rabbit serum proteins and with 
egg albumin 


(See the text for experimental details Each experiment 
■was earned out m dupheate and the two sets of results are 
recorded below ) 


Suramm content (g /lOO g suramm protem 
complex) of the methanol precipitated 
complexes of suramm and 


pH Habit serum protems Egg albumm 


1 

3 

6 

6 

7 

8 
9 


22 9, 22 7 
22 6 , 22 6 
11 9, 10 0 

2 8 , 2 6 

0 80, 0 64 


20 96, 20 95 
19 7, 18 7 
4 6, 6 2 

0 63, 0 76 
0 49, 0 69 
02 s, 0 34 
0 31, 0 23 


Combination of suramin with the proteins of 
red blood cells 

Earlier mvestigations (Dewey & Wormall, 1948) 
have shoxvn that suramm added to whole blood, or 
to suspensions of red blood cells, does not pass mto 
the red cell This might be due to mabihty of the drug 
to pass through the membrane, or to an mabihty of 
suramm to combme xvith haemoglobm and the 
stroma protem 

Although suramm did not enter the red cell m 
these in vitro experiments it does not follow that the 
same will hold true in vivo Experiments have there 
fore been made to determme whether the drug enters 
the red cells after it has been mtravenously mjected 
mto rabbits Estimations were made on the 
separa'ted red cells after they had been washed with 
0 9 % NaCl, and also on the unwashed cells (to 
exclude the possibihty of loss of suramm by the cells 
durmgthexvashmgprocess) In all these experiments, 

with plasma suramm values up to 69 mg /lOO ml , 
no significant amount of the drug was found m the 
red cells, the very small amount occasionally found 
m the unwashed red cells was not more than could 
be accounted for by the presence of a small amount 
of anr a-rmn -cont ainin g plasma m the cell fractions 

The second possibihty mentioned above was 
exammed by determmmg the capacity of haemo 
lysed red cells to combme xvith suram i n In one 
group of experiments, the results of some of which 
are given m Table 4, the red cells of normal rabbit 
blood were washed with 0 9 % NaCl, haemolysed 
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Table 4 Combvmtton of surannn with the jylasma and cdl •proteins of normal rabbit blood 

(The saramin solution (2 S of 10% (w/v) in 0 9% KnCl solution) ivns ndded to the mixturo of plasma and 0 9% NnCl, 
or to the haemolysed red cell solution Each mixture was kept nt room temperature for 16 min with occasional shaking, 
it was then treated xnth an equal volume of 0 9% NaCl solution and the protein suramm complex precipitated by the 
addition of 2 n acetic acid The precipitate was dissolved m 3 ml of 0 9 % NaCl solution with the aid of sufficient 2 n Na_CO, 
to give pH about 7 5 and the precipitation uitli acetic acid was repeated a further five tunes ) 


Suramin content of 
precipitated suramm 




Plasma or 




protem complex 



haemolvsed 

0 9% 

Suramm solution ndded 


_A 

Exp 


cells* 

NnCl 

/ 

* 

(B/e 

(g/lOOg 

no 


(ml) 

(ml ) 

(ml ) 

(mg suramm) 

total N) 

complex) 

1 

Plasma 

16 

1 6 

05 

14 

0 73 

10 9 



1 6 

15 

1 0 

28 

0 96 

14 0 


Haemolysed cells 

30 

0 

05 

14 

1 13 

16 2 



30 

0 

1 0 

28 

1 47 

20 6 

■) 

Plasma 

30 

50 

1 0 

100 

1 88 

253 



30 

7 0 

20 

200 

2 03 

26 9 


Haemolvsed cells 

80 

0 

1 0 

100 

172 

234 



80 

0 

20 

200 

1 89 

25 4 


* Centrifuged cells from 1 vol of ovalatcd rabbit blood were washed well with 0 9% NaCl and then haemolysed with 
4 6 vol of distilled water 


with water, and then mixed with a suramm solution, 
parallel expenments bemg made rvith the blood 
plasma The mixtures of suramm and haemolj’sed 
red cells gave heavj^ precipitates when dilute acid 
■ivas added and these complexes, reprecipitated a 
further five tunes, had a suramm content which was 
of the same order as that of the complexes separated 
similarly from the correspondmg suramm plasma 
nuxtures Foresample, m Exp 2, where the plasma 
and haemolysed cells were diluted so that each 
solution contamed the same amomit (0 38%) of 
protem N before the addition of the suramm 
solution, there was a very close similarity between 


the suramm contents of the complexes from suramm 
plasma mixtures and tliose from mixtures of sura 
mm and haemolysed red cells 

The retention of injected suramin protein complexes 

Expenments hai e been made to determme 
■whether mtravenously mjected suramm protem 
complex 18 retamed longer m the blood of a rabbit 
than IS an eqmvnlent amount of the free drug In one 
e'xpenment the drug w as attached to crystallme egg 
albumm, and m the other rabbit serum protems -were 
used to form tbe complex, m the hope that tins would 


Table 6 The suramin content of the blood plasma of rabbits following the intravenous injection of 
(a) suramin and (6) suramin protein complexes 


(For experimental details see the text ) 



Suramm 

1 TIV 


Suramm conteut of plasma (mg /lOO ml ) after 

A. 


Material mjected 

(mg /kg ) 17 mm 

46 mm 

3 hr 

24 hr 

48 hr 

7 days 

14 days 

Suramm 

14 2 


20 0 

12 0 

42 

32 

1 6 



23 3* 

33 4 


14 8 

76 

48 

18 


Suramm rabbit Benim 

13 05 


21 6 

8 1 

1 8 

16 

1 0 


protem complex 

22 0* 

463 


266 

79 

66 

30 




'46 6 


19 8 

64 

44 

2-4 

1 6 

Suramm 

21 9 

39 2 


16 2 

69 

40 

19 

1 6 



42 0 


16 4 

6 6 

43 

23 

20 



(41 3 


16 8 

70 

66 

16 

17 

Suramm egg albumm 

(218(a)t - 

137 2 


16 6 

69 

41 

16 

1 1 

complex 

l22 1(6)-t- : 

(37 0 


12 8 

67 

36 

19 

17 


[36 6 


16 3 

62 

34 

2 1 

1 6 


m^eotion ° mterval of 36 mm between them The times of bleedings were reckoned from the 

^swnmmt d&jB, the solution of suramm egg albumin complex prepared for this 

(61 anrl s very small amount of sohd matter Two rabbits -were miected with the uncentnfuged solution 

1 ) and two with the clear centrifuged solution (a) 
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be less ‘foreign’ than the egg alhumin comple-? and 
therefore less hable to suffer rapid breakdown m the 
rabhit 

Exp 1 A Buramm solution (300 mg mlO ml ofO 9%NaCl) 
was added to a mixture of rabbit serum (15 ml ) and 
0 9%NaCl (16 ml), the muxture kept at about 13° for 
30 mm and the drug protem complexes precipitated by the 
addition of 6n acetic acid to give maximum precipitation 
After eight further precipitations with acid, the complex 
was dissolved m 0 9% NaCl (16 ml ) at pH 7 0 and filtered 
through a Berkefeld filter This solution, contammg 0 88 g 
of suramm and 3 05 g of protem/100 ml , was injected mto 
rabbits as follows one rabbit (wt 2 7 kg ) received 4 0 ml , 
and another rabbit (wt 3 0 kg ) received 4 6 ml followed by 
afnrthermjection(3 0 ml ) 36 mm later Two control rabbits 
were mjected under the same conditions with a solution 
contammg 0 88 g of suramm/100 ml of 0 9 % NaCl Blood 
samples (about 7 ml ) were taken from the rabbits atmtervals 
for plasma suramm determinations 

Exp 2 Suramm (1 6 g m 16 ml of water) was added to 
a solution of crystallme egg albnimn (160 ml contammg 
3 54 g of protem) and the drug protem complex was pre 
cipitated by acid and punfled by four further precipitations, 
as m Exp 1 The final solution (containmg 1 20 g of 
suramm, 6 69 g of protem, 0 9 g of NaCl and 0 04 g of 
merthiolate/100 ml ) was mjected mto four rabbits (one 
mjeotion each), and three control rabbits received corre 
spending mjeotions of free suramm 

The results of these experiments (Table 6) showed 
that the injected sura mm protein complex was not 
retamed longer m the plasma than was an equn alent 
amount of the fioe drug Individual rabbits 
occasionally show appreciable deviation from the 
average with regeird to their retention of the mjected 
drug or drug-protem complex, but m no case did any 
rabbit mjected with the complex show any ab 
normally long retention of the suramin 

The combination of suramin with proteins 
treated with dt 2 chloroethylsulphone 

The combmation of suramm with proteins might 
be due to a reaction between the sulphomc acid 
groups of the drug and basic groups of the protem 
Tests were therefore made to determme whether 
the blockmg of the free ammo groups of the protem 
reduces its capacity to combme with suramm 
Blockmg of practically all the ammo groups of 
gelatm can readily be effected at pH 8 and 30° by 
mustard gas sulphone, di-2 chloroethylsulphone 
(Banks, Bouranell, Francis, Hopwood & Wormall, 
1946), and the abihty of the sulphone treated 
proteins (gelatm and the serum proteins) to combme 
with suramin was, therefore, compared with that of 
the untreated proteins 

Exp 1 Gelatm (1 0 g ) was dissolved m hot water (60 mL), 
the solution cooled a httle and 0 76m NaHCO, (40 mL) 
added The mixture was treated with di 2-chloroethyl 
sulphone (0 6 g ), starred at 37° for 4 hr and then kept at 
4° overnight Next day a further 0 5 g of the sulphone was 
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added and the mixture stirred at 37° for a further 8 5 hr The 
solution was then diluted with an equal volume of water and 
dialysed agamst distdled water for 24 hr at 4° Total N and 
ammo N (formaldehyde) detennmatioiis on this solution 
and on a dialysed 0 6 % gelatm solution showed that the 
sulphone had blocked at least 95 % of the free ammo groups 
of the gelatm 

The dialj^ed gelatm and sulphone gelatm solutions (each 
contammg 0 45 % (w/\ ) of protem) were each treated with 
buffer solution and suramm (see Table 6 for detads) and the 
mixtures kept at 18° for 1 hr Each solution (36 ml ) was 
then poured mto ice cold methanol (220 ml ) and the pre 
cipitated complexes were centnfuged and washed three times 
with ICO cold methanol (25 ml each time) Jlixtures C and 
D required the addition of a few drops of glacial acetic acid 
before the drug protem complex could be precipitated by the 
methanol, and the methanol used for washmg these pre 
cipitates was similarly acidified The dried drug protem 
complexes were dissolved m warm water (with the aid of 
a few drops of u NaOH in the case of C and D) and total 
N and suramm determmations were made on samples of 
these solutions 

Exp 2 Di 2 chloroethylsulphone (1 0 g ) was added to 
a mixture of rabbit serum (24 ml ) and 0 6 m NaHCOj 
(24 ml ) and the mixture stirred at 37° for 6 hr , x NaOH 
bemg added when necessary to mamtam the pH between 
7 5 and 8 6, after 2 days at 4°, the solution was agam stirred 
at 37° for 6 hr after the addition of more sulphone (1 0 g ) 
The mixed ‘sulphone proteins’ were precipitated by addmg 
dilute acetic acid, dissolved at pH 7-7 5 and punfied by 
three precipitations with n HCL The final solution (20 ml ) 
oontamed 4 86 % protem, 0 9 % NaCl and 0 02 % merthio- 
late, total N and ammo N determmations on this solution 
and on dialysed rabbit serum showed that 72% of the free 
ammo groups of the serum proteins had been blocked by 
treatment with the sulphone 

Samples of the diluted solution of sulphone serum protems 
were treated with varymg amounts of suramm, as recorded 
m Table 7, and the mixtures were kept at 16° for 30 mm , 
the drug protem complexes were precipitated by addition 
of 6 K acetic acid and purified by a farther four precipitations 
The final precipitates were dissolved m 0 9 % NaCl wit 
adjustment of the pH to 7 0, and total N and suramm 
determmations were made on these solutions 

The results show that mustard gas sulphone 
treated gelatin combmes with more suramm than 
does an eqmvalent amount of gelatm under 
conditions (Table 6) This mcrease may be partly due 
to the fact that these drug protem complexes gave 
maximum precipitation at different pH s, but severa 
other factors may also be mvolved A sumlar increase 
m tlie capacity of the protem to react with ^ 

gas occurs when serum globulm is treate w 
sufRoient phenyl isocyanate to block most of its ee 
ammo groups (Banks et al 1946) 

In other experiments it was found that the 
ment of rabbit serum protems with mustard gas 
sulphone (resultmg m the blockmg of about 
quarters of the free ammo groups of the protems) 
not reduce the capacity of the protems to combme 
with suramm (Table 7) 
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Table 6 Gombinahon of suramvi with gelatin and di 2 cldorocthyhidphone treated gelatin 


(For experimental details see the text ) 

Suramm content of the 



Vokof 

NaHCOj HiCO, 

Surnnun 

methanol precipitated complexes 


protem 

buffer solution 

(mg dissolved m 

f 

A 


solution 

(pH 7 6) 

1 or 2 ml 

(g /g of 

(g /lOO g 

Protem 

(ml) 

(ml) 

of water) 

total N) 

complex*) 

Gelatm H 

33 

2 

20 

017 

2 99 

B 

33 

2 

40 

0 26 

4 64 

Sulphone treated gelatm C 

33 

2 

20 

0 22 

3 69 

D 

33 

2 

40 

0 78 

12 32 


* Assunung 18 0% of N m gelatm and 17 18% N in the di 2 chloroethylsulphone treated gelatm 


Table 7 Combiiiatwn of suramin with 
di 2-chloroethylsiilphone treated rabbit scrum proteins 


(For 

Sulphone 

treated 

serum 

protem 

solution* 

the experimental detads see the text ) 

Suramm Suramm content of precipitated 

(mg drug protem complexes 

HioonlTTorl K 

m02inl 

isle 

(g/lOOg 

(ml) 

of water) 

total N) 

complex)t 

20 

25 

0 87 

12 01 

20 

60 

1 69 

20 71 

20 

104) 

1 86 

23 61 


* ^ntaining 1% (w/v) of protem m 0 9% NaCl solution, 
t Assnramg 14 89% N m the sulphone treated proteins 
(oalonlated on the ba^ of 16% of N m the mixed serum 
proteins and the reaction of the sulphone mth 72% of the 
free ammo groups of proteins) 

DISCUSSION 

Tlie abibty of suratniri to combine xvith a variety of 
protems under physiological conditions of pH and 
temperature is now weU established, though the 
precise linkage by which the drug is firmly bound to 
the protein is stdl unknown The reaction is rapid 
and although the mixtures of suramm and protem 
were usually allowed to stand for 30 mm or 1 hr m 
the experiments described here, it is not suggested 
that this mterval is necessary Our enzyme maotiva 
tion experiments, a preliminary account of which 
hM been given elsewhere (Town, Wills & WormaU, 
1949), have shown that previous contact of drug and 
^ase (and certam other enzymes) for 30 mm or so 
before addition of the substrate leads to an moreased 
n^bition of the enzyme , but it is also true that the 
ion of suramm to solutions of serum protems or 
egg albumin at pH 7 6 is followed by the immediate 
tormation of drug protem complexes These com 
p exM ran be precipitated by methanol or ethanol 
a pH 7 6 or by acidification to pH 4r-6 The acid- 
precipitated complex undoubtedly contains more 
complex present at pH 7 6, 
nf tv, doubt that an appreciable amount 

e drug is firmly fixed to protems at pH 7 6 
ae^ 'oation of the drug with the body protems can 
unt for the long retention of the mjected drug, 
Biochem 1949, 46 


and it seems probable that slow, contmuous libera 
tion of the free drug, possibly as a result of the 
hydrolysis of the protein of the complex, accounts 
for the relatively long protection against sleepmg 
sickness which is afforded by one or more mjections 
of suramm The trypanocidal power of the drug 
protem complex is not knoxm, but we hope to study 
this m collaboration with Dr F Hawkmg 

The experiments described here show that sura 
min can combme as readily with haemoglobm, and 
possibly other proteins of the red blood cell, as it does 
mth the plasma protems Tlie failure of mjected 
suramm to combme mth the red ceU is, therefore, 
due to mability of the drug to pass through the red 
cell membrane, presumably because of the size 
and/or spatial configuration of the suramm molecule 
Suramm mil not pass tlirougli relatively permeable 
collodion membranes (Boursnell et al 1939) and m 
general it does not diffuse through animal membranes 
Hawkmg (1940), for example, found no suramm, 
or famt traces only, m the cerebrospinal flmd 
of patients mjected mth the drug, even when 
the plasma contamed as much as 17 2 mg of 
siiramm/lOO ml 

Our experiments mth complexes of suramm and 
rabbit serum proteins (or egg albumm) have shown 
that retention of the drug m the blood followmg the 
mtravenous mjection of the preformed complex mto 
a rabbit is not greater them that followmg the 
mjection of an ecjmvalent amount of uncombmed 
suramm These complexes will not, therefore, be of 
any special value for prophylactic purposes 

An appreciable amount of suramm combmes with 
plasma proteins when the concentration of the drug 
IS of the same order as that m the plasma after the 
mjection of normal curative or preventive doses of 
1 or 2 g of Buramm/70 kg mem In some of our 
experiments, for example, we have found that the 
average plasma suretmm values of rabbits after a 
smgle mtravenous mjection of 28 mg of suramm/kg 
were as follows 74 (2 mm after the mjection), 
69(after6mm ), 62 (after 10 mm )and40mg /100ml 
(after 40 rnm ) Protem sura m i n complexes con 
tammg nearly 1 % of the drug were separated by 
methanol precipitation at about pH 7 6 firom the 

15 
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plasma of these animals shortly after the mjections 
and also from egg albumm solutions (or normal 
plasma) to winch suramm had been added to the 
extent of 80-100 mg /1 00 ml Even with much lower 
concentrations of suramm there is an appreciable 
amoimt firmly combmed with the plasma protems 
Thus the plasma of rabbits 3 and 2G lir after the 
mjection of 28 mg of sura min /leg contamed 
methanol precipitable protem drug complexes con 
taimng 0 24 and 0 08 % of suramm respectively 
The molecular weight of suramm is 1429, and the 
presence of a considerable amount of suramm m the 
complex does not require many suramm mole 
cules/molecule of protem In the experiments 
described m Table 2, for example, the complexes 
obtamed contamed 3 7—6 6 suramm groups/molecule 
of egg albumm (mol wt 44,000) The complexes 
obtamed with rabbit serum proteins m a mixture 
containing 461 4 mg of suramm/100 ml at pH 7 0 
(Table 3) contamed the eqmvalent of about 2 mol 
of the drug /mol of serum protem (assuming an 
average mol wt of 100,000 for serum protems) The 
complexes obtamed m more acid solutions contam 
much larger amounts of suramm, and at pH 1 they 
corresponded to 21 mol of the drug/mol of rabbit 
serum protems, and about 8 2 mol /mol of egg 
albumm However, at pH 7 6 and with suramm 
concentrations similar to those found m the plasma 
of rabbits shortly after the mjection of 28 mg of 
sur amm /kg (eqmvalent to a dose of 2 g for a 70 kg 
man), the drug protem complexes contam much less 
suramm, the value corresponds usually to about 
0 6 mol of sur amm /mol of plasma protem 

Suramm (I) is a complex urea derivative con 
t amin g three sulphomo acid radicals m each naph- 
thylamme groupmg For several reasons it appeared 
probable that these naphthylammesulphomo acid 
groups are responsible for the combmation of the 
drug with proteins We have found that acid- 
hydrolysed suramm, which contains m ammo- 
benzoic acid (H), m ammo p tolmc acid (HI) 
and 1 naphthylamme 4 6 8 trisulphomc acid (IV) 
(Lang, 1931), combmes with protems to produce 
acid precipitable products Tests with the mdividual 
amines showed that of these three ammes only (TV) 
IS capable of formmg a complex with proteins , this 
complex IS apparently much less stable than is the 
correspondmg suramm protem complex, smee acid- 
hydrolysed suramm is not retamed m the blood very 
long after its mjection mto rabbits (Dewey & 
Wormall, 1946) Fiuthermore, Spmks (1948) has 
shown that suramm analogues containmg naph 
thalenepolj’sulphomc acids as end groups are 
generallj similar to sura mm with regard to their 
persistence m the blood after mtraienous mjection 
mto rabbits, of the compounds of smaller molecular 
weight tested by this author, 1 naphthylamme 
4 6 8 tnsulphomc acid (D^) was fairU rapidK elimm 
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ated after mjection but was re tamed longer than 
was (H) or (IH) Spmks concludes that ‘marked per 
Bistence is a property of polyarmdes of high molecular 
weight that contam naphthylammepolysulphonic 
acids as end groups ’ From the evidence presented 
by Spmks and by ourselves, it seems fairly certam 
that the abihty of suramm to combme with protems 
IS determmed by its sulphomc acid groups 




II in IV 


Smee the naphthylamme sulphomc acid groups 
of suramm appear to be concerned with this reaction, 
it seems most hkely that they react with, or are 
bound by, basic groups of the protem The results of 
our experiments suggest, however, that the fine 
ammo groups are not essential for the formation of 
suramm protem complexes, and it would appear 
that other basic groups are mvolved Mandel & 
Steudal (1926) showed that suramm readily com 
bmes with protammes and histones, and we are 
makmg a more extensive study of this combmation, 
and of possible mteractions between suramm and 
various ammo acid groupmgs, m the hope of gaming 
more information about the reaction between the 
drug and tissue protems Areaction with thiol groups 
can be excluded, smee suramm does not appreciably 
reduce the tluol reaction of cysteme, reduced gluta 
thione or heat coagulated egg albumm Further- 
more, although the drug strongly inhibits urease at 
pH 6 0, it IS not a general poison for thiol enzymes 
(Town et al 1949 , Wills & Wormall, 1949) 

SUMMARY 

1 A further study has been made of the combma 
tion of the trypanocidal drug suramm with a variety 
of protems 

2 Suramm-protem complexes are usually readily 
precipitated by the addition of dilute acid, the pH 



SUEAJnN-PROTEm COMPLEXES 


231 


Vol 45 

for optimum precipitation dependmg on the relative 
amounts of the drug and the protem Repeated pre 
cipitetion by acid followed by solution at pH 7 6 
does not reduce the suramm content of the precipi 
tated complexes 

3 Considerable amounts of suramm become 
firmlj attached to protems such as the serum pro 
terns and crystalhne egg albumm at pH 7 6, but 
much more is bound by the protem m acid solutions, 
particularly at pH’s below 6 

4 The absence of suramm from the red cells of 
animals mjected with the drug is due to the mabihty 
of the drug to pass through the cell membrane 
Suramm readily combmes with the protems of 
haemolysed red cells 


6 Suramm mjected mtravenously as a complex 
with rabbit serum protems, or with egg albumm, is 
not retained longer m the blood than is the mjected 
free drug 

C The blockmg of the free ammo groups of 
protems by the action of di 2 ohloroethylsulphone 
does not reduce the capacity of the protems to 
combme with suramm 

7 Suramm does not react with the thiol groups 
of oysteme or protems 

The authors ore pleased to express their mdebtedness to 
the Medical Research Council for grants Which have partly 
defrayed the cost of this mvesbgation We are also grateful 
to Miss H M Dewey for help with one of the experiments 
described m this paper 
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The Phosphorus Compounds of Wheat Starch 


By H S ROOKE, L H T.AMPTTT and E M JACKSON 
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^ a previous paper, Lampitt, Fuller & Goldenl 
' ® owed that the insoluble portion separal 
hivii^ ? 'wheat starch retrogrades has a m 
wgher phosphorus content than the soluble fraot: 

whpnf ^ 8- phosphorus noh fractior 

neat starch was postulated 

hterature on the phosphc 
(summarized ^th m 
A Qnlri n ^ ^ nl 1941 , Lampitt, Fu 

apoeamT the consensus of opir 

^ potato starch 

phosphorus IS present as an amylo phosphoric es 


in wheat starch it is oombmed as phosphatide loosely 
bound to carbohydrate, possibly by polar adsorption 
This phosphatide, however, has apparently not been 
isolated and characterized, its presence bemg pre 
Burned by several authors on not very conclusive 
evidence That wheat flour contains a phosphatide 
was shown by Wmterstem & Hiestand (1907) who 
demonstrated m the gluten residue obtamed on 
washing out starch from a dough the presence of 
a substance, associated with reducmg sugar, which 
contamed cbohne and gave glycerophosphonc 
acid on acid hydrolysis Nottbohm & Mayor (1934) 


16 2 
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found that most of the chohne present m wheat flour 
remains m the starch firaction washed out of a dough , 
the starch contamed no free chohne, but 90 % of the 
chohne present was isolated m a form soluble m 
benzene after the starch had been ground with 
punaice powder and water (It is to be noted that 
the pho^hatide content calculated from the chohne 
values accounted for only 36 % of the total phos 
phoruB present m the starch ) By acid hydrolysis 
of wheat starch, Postemak (1936) obtamed only 
glycerophosphonc acid and no glucose 6 phosphate 
Schoch (1942) showed that most of the fatty matter 
and most of the phosphorus m wheat starch were 
soluble m 86 % methanol or 80 % dioxan, the soluble 
fraction having the high phosphorus content of 
2 26% Lehrmann (1930), by extraction of the 
solution resultmg from the acid hydrolysis of de 
fatted wheat starch, obtamed 1 % of fatty matter 
consistmg of fatty acids, but the aqueous solution 
contamed no mtrogen and no glycerol Lehrmann, 
who made no attempt to dete rmin e how this fatty 
acid was combmed m the starch, later (Lehrmann, 
1946) confirmed Schoch ’s (1942) results He agreed 
with the conclusion of the latter, on the meagre 
evidence adduced, that the major proportion of the 
phosphorus m wheat was present m the form of 
loosely bound phosphatide, a small proportion of 
the phosphorus being combmed directly with 
carbohydrate 

From the extensive hterature, it appears that 
phosphorus is combmed m the wheat berry m the 
foUowmg forms (a) morgamc phosphate (probably 
potassium dihydrogenphosphate), (6)phytm (chiefly 
m bran and germ), (c) phosphatide, (d) nucleic acid 
(especially m germ), (e) associated with the starch, 
probably as a starch phosphoric ester, (/) possibly 
also hydrolysis products of these It is possible that 
any or all of these types of phosphorus may be 
present m wheat starch, even if only as contammants 
due to mcomplete separation of the starch from the 
other flour constituents It is also possible that 
decomposition products of these phosphorus com- 
pounds may be produced durmg isolation of a fraction 

Preliminary work showed that starch yielded very 
httle soluble phosphorus and mtrogen when ex- 
tracted by the normal method for phosphatides 
usmg ethanol and ether The starch was therefore 
completely peptized with chloral hydrate as a pre- 
hminary step, the method of Meyer, Brentano 
& Bemfeld (1940) bemg chosen as it was claimed 
that degradation and hydrolysis of the starch mole 
cule are thus avoided Tlie peptization was followed 
by precipitation with acetone, both soluble and 
insoluble fractions bemg examined 

EXPERIMENTAL 

The starch used This was prepared m the asaal way by 
washing out from a dough made from a strong wheat flour 
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of 70% extraction The starch was allowed to sediment out 
from the wash water, washed by decantation several times 
with water and finally filtered on a Bflchner fonnel The 
staroh was dried m a current of hot air at a temperature 
below the geUmg temperature, the lumps of dned starch 
pulverized and passed through a 48 mesh silk sieve Micro 
scopioal exammation showed that very few swollen and 
burst grams were present Two samples of starch used con 
tamed approximately 8% moisture, and (m the diy sohds) 
0 08% P and 0-11 %N (N/P, 3 0/1), and 0 07%P and 
0 08% N (N/P, 2 6/1), respectively Starch prepared by the 
method used m this mvestigation mvanably contamsfree 
phosphate In the present case, 14% of the total P m the 
starch was extractable by shakmg for 1 mm with water 
at room temperature, and this fraction was almost entirely 
morgamc P This ‘adventitious P’ has been borne m min d 
dnrmg this study , it is considered that its presence does not 
affect the mam conclusions reached 

Methods of analysts Nitrogen was dete rmin ed by the 
micro Kjeldahl procedure nsmg On as catalyst, phosphorus 
by the Kuttner Lichtenstem (1932) method after de 
struotion of orgam9 matter with H2SO4 and H.Oj (except 
where otherwise mentioned N and P values are calculated 
as percentages of the respective total N and P contents of the 
ongmal staroh and N P ratios are calculated m terms of 
gram atoms), morgamc P by colonmetnc estimabon after 
precipitation with magnesia mixture 

Chohne was determmed where there was sufficient 
material, nsmg the colonmetnc remeokate method of Engel 
(1942) Two modifications m this method were found to be 
desirable (1) hydrolysis with baryta for 3 hr instead of 2 hr , 
(2) washmg the remeokate precipitate with 3x2 mL portions 
of loe cold water accordmg to the method of Ramsay 
& Stewart (1941), it was estabhshed that under these con- 
ditions the solnbihtyofthe precipitate was only 6 mg /100 ml 
so that the loss on washmg was negligible When the acetone 
solution of the precipitate was unsmtahle for colonmetnc 
measurement of the colour (e g if the colour was too weak 
or the solution shghtly turbid), the amount of chohne present 
was calculated from the N content (micro Kjeldahl) as 
desonbed by Ramsay & Stewart ( 1941) , it was found that the 
colonmetnc and N methods gave identical results 

Glycerol was determmed by the penodate procedure of 
Ramsay & Stewart. (1941) To obtam satisfactory results 
with this method, it was found essential to proceed under 
rigidly controlled conditions and to observe the foUowmg 
precautions (a) not more than 6 ml of the baryta hydrolys 
ate of the phosphatide should be taken when the volumes 
of reagents specified by Ramsay 4. Stewart are used (6) the 
time of oxidation should be exactly 6 mm , (c) distillation 
of the formaldehyde produced should oontmue until the 
solution IS almost dry before water is added pnor to the 
seconddistdlation ,{d) thehquid mustremam shghtlv alkahne 
during distillation to avoid evolution of formic acid (also 
formed on oxidation) which mterferes with the subsequent 
colonmetnc determmation of the formaldehyde 

Peptizatwn tn chloral hydrate 

The general procedure was as follows 9 g portions of 
starch were each dissolved bv heatmg to 80° with 300 ml 
33% (w/v) aqueous chloral hydrate solution (previously 
brought to pH 7 0 by addition of a httle NaHCO,) and the 
whole mamtamed at 80° for 30 mm Microscopical examina 
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tion showed that the starch grams were then completely 
dispersed The starch was recovered as n fine proeipitato by 
blowmg the hot solution through a fine jet mto 000 ml of 
drj acetone which was vigorously stirred The solution was 
decanted off and the precipitate washed by decantation with 
2 X 200 mb portions of dry acetone, finally filtered on a 
Bflohner funnel and dned at OS-lOO" m a steam oven The 
weight of precipitate was practically equal to that of the 
original starch taken 

The acetone solution and washings (referred to later as 
‘acetone filtrate’) were comhmed and concentrated to small 
bulk (60 mk) under reduced pressure at a temperature below 
60° The concentrate, which contamed chlortd hydrate, was 
treated with 50 mk water and again concentrated os before, 
v hereby a small part of the chloral was removed Further 
treatment to remove chloral hydrate bj distillation with 
water was not earned out owing to tho possibihty of hydro 
lysis or other decomposition of P compounds 

In three such experiments the acetone filtrate 
contained on the average 00 % of the original 
phosphorus and 46 % of the mtrogen of the starch, 
and the N/P ratio was materially lower than that of 
the starch, mdicatmg that firactionation of the 
P compounds liad been effected 

Fractionatton of the phosphorus compounds 
tn the acetone filtrate 

Five fractionations were earned tlirough on the 
acetone filtrates obtamed from 18 g portions of the 
wheat starch usmg the procedure shown m Fig 1 


The process was earned out m a quantitative manner 
and samples of the various fractions were taken for 
determinations of N, P and choline 

The results of one such fractionation are shown m 
Table 1 The separation of Fractions II and HI is 
dependent on the relative solubihties of the material 
m ether and m the aqueous phase, the distribution 
bemg influenced by the amount of chloral hydrate 
rema inin g after concentration of the acetone filtrate 
As a consequence, m certam experiments the bulk 
of the P and N was found m Fraction HI, and the 
ratio N/P was found to be approximately 1/1 m this 
fraction, as for Fraction Ham Table 1 

From these results, namely, (a) the solubflity of 
P and N m ether or cliloroform (Fractions Ho or IH 
respectively), (6) a N/P ratio m this fraction 
approximately 1/1 and (c) that the N was present 
almost exclusively as ohohne, it was tentatively con 
eluded that the acetone filtrate contamed a phos 
phatide of the lecitlun type 

In most of these experiments the ether soluble 
fraction (presumably phosphatide) was insoluble m 
hght petroleum It is well known that the solubflity 
of phosphatides is considerably modified by the 
action of hght and oxygen during isolation and 
purification This may have occurred m the present 
instance m spite of the precautions taken to effect 
concentration below 60° m an mert atmosphere as 
described by Kirk, Page & Van Slyke (1934) 


Aqueous residues from concentration of acetone filtrate * Extracted several tunes with ether f 

Ether extract Aqueous residue 

of 0 01 N containing Evaporated to dryness and residue extracted with 

/o 

I — 1 _ _ _ 


Ether solution 


Evaporated off ether, dissolved residue m CHCl, = Fraction III 
bai^le evaporated to dryness and residue extracted with licht 
petroleum ^ 


Acid washings Fraction I CHCI3 soluble. Fraction 11a Residue 


Dispersed m water 
Fraction II b 


Light petroleum solution 
Fraction IV 


Residue 

Dispersed m water 
Fraction V 


Fig 1 Fractionation of P compounds m acetone filtrate 

t ^ “®o®iitratiOM were effected tn vacuo at temperatures below 60°, m some cases with N, instead of an air leak 
rivpm.„i,f amount of emulsion formed durmg the firat ether extraction, the mixture was allowed to stand 

t Thio Ti, separation. No difficulty was then experienced m subsequent extraotions 
+ inis was to remove any non phosphatide N (Kirk, 1938) 


Table 1 Fractionation of acetone-soluble phosphorus compounds 


Percentage of total P 
Percentage of total N 
Ratio N/P 

Percentage of N m fraction 
comhmed ns chohno 


Fractions firom acetone filtrate 


Original 

Starch 

, 


starch 

ppt 

I 

Ho 

100 

37 

06 

62 

100 

54 

15 

24 

2 6/1 

3 7/1 

6/1 

1 lo/l 

— 


95 


n6 

in 

IV 

V 

27 

10 

Trace 

Trace 

3 8 

2 1 

12 

17 

2 7/1 

5 6/1 

— 

— 


93 

— 

ml 
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Isolation of phosphatide 

The acetone filtrate prepared from a total of 112 g of 
wheat starch was fractionated mto the ether soluble portion 
and the aqueous residue, as descnbed in Fig 1 These two 
portions were further fractionated by the method outhned 
m Fig 2, when six firactions were obtamed These were 
dissolved m sm table solvents and samples taken for analysis 
From the results shown m Table 2, it was concluded that 
Fraction D consists largely of phosphatide, as the N present 
was mostly m the form of cholme, and the ratio of oholme 
N/P was close to 1/1 Further, a positive test for glycerol was 
obtamed when the method of Ramsay & Stewart C941) was 
apphed to this fraction 

It will be noted that small amounts of oholme Were present 
m the other fractions, but m the largest fiaction (A) most 
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of the N was not present as oholme The fiaction which 
appears to be mostly phosphatide (jD) was agam soluble m 
OHClj but msoluble m hght petroleum 

Purification of phosphatide 

A further quantity of fraction D was isolated by the 
procedure of Fig 2 from 86 g of wheat starch The matenal 
was purified by solution m CHCl, and precipitated with 
excess of acetone, repeated three times The product (60 mg ) 
was a white waxy sohd (Found P, 3 86, N, 1 76, oholme, 
16 64, glycerol, 11 8 Calc for oleopalmitophosphatide of 
mol wt 777, P, 4 0, N, 1 8, oholme, 16 6, glycerol, 11 8% ) 

These results mdicate that a phosphatide is 
definitely present in wheat starch, having a com 
position s imil ar to that of lecitlim 


AqueoM* rttxiut 
Extnetdd with ether 


I 

Eiher-sclubU 
Concentrated to low 
bulk, extracted with 
light petroleton ^ 

I 

LigXi p4troUvm foluiton 
CoQcentrated, ethan 
oUc MgClj a^ed and 
excess acetone ^ 

I 

Aaton* pr*etpttaU 
Extracted with light 
petroleum ^ 

soiuticn 

Concentrated, excess 
acetorwadd^ 

Fractf 0 n 0 


AfutoHS rttidvt 
Extrsoted with OHC9| 


I 

lAght pdroUum-tfttoluhU 
Dusolred in GHCl,. 
ethanoUc I added 
and excess acetone 


soiutton 
—Fraction A 


1 

Aeti^ solutton 


Acetone sohihen 



pOroUun-wol- Concentrated to lor 
vbU bulk, excess acetone 

Diasolred in CBCI. added 
excos^tone added iVacimists 


AerUme jfTtcxp\iaU 
Extracted with light 
petroleum 


ptirvUuvt Ztfht peintfxmx 

Conctnlimltd and ex tnntuiU 

cess acetone added Extracted with CHQj 

FrtctpxSait combined I , , 

with Fraction C 


I 

CHd^ stilutxon 
Concentrated to low 
bulk, ethanolic MgClj 
add^ and excess ace- 
tone 

Frteiptitite 
-Fraction E 


CHCl, tdvbU 
Concentrated and ex 


CHCi, nuoiu&lf 
—Fraction B 


FrtnpxiaU combined 
with Fraction D 


Fig 2 Further fractionation of acetone filtrate All acetone filtrates combmed to form Fraction F AH acetone 

precipitations made at 0-6° 


Table 2 Analysis of fractions obtained by procedure in Fig 2 


Fraction 

A 

B 

G 

D 

Wt of fiaction (g ) 

3 96 

1 83 

0 011 

1 118 

P (%) 

0 168 

0 433 

Trace 

313 

N (%) 

0 236 

0 460 

Trace 

1 74 

Cholme N (%) 

0 031 

0 364 

— 

1 68 

Ratio N/P 

3 0/1 

2 4/1 

— 

12/1 

Ratio oholme N/P 

0 43/1 

18/1 

— 

12/1 


E F 

0-70 The weight of sobd matter m this fraction 
0 132 oould not be accurately determmed owing 
0118 to the presence of MgCSj the firaction con 

0 105 tamed 2 3 mg P and 4 7 mg N of which 

2 0/1 0 9 mg was combmed as oholme, N/P, 

4 6/1 4 5/1 , oholme N/P, 0 9/1 


Table 3 Phosphorus and nitrogen compounds in acetone filtrate 


Acetone 

precipitate 


Acetone filtrate 


Ether soluble Aqueous residue 


Total m acetone filtrate 
(calc as % of weight of 
ongmal starch) 


P as % of total P m starch 46 

N as % of total N m starch 70 

CholmeNas%of total cholme N m starch — 

Ratio N/P 3 9/1 

Ratio cholme N/P — 


16 8 

40* 

P, 0 0370 

13 6 

21 

N, 0 0240 

98 

16 9 

Cholme N 0 0186 

18/1 

13/1 

N/P, 1 6/1 

13/1 

105/1 

Cholme N/P 1 1/1 


* In another siinilar fractionation, 
aqueous residue 


5 % of the P of the original staroh was combmed as morgamo phosphate m this 
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The proportion of phosphatide 
til wheat starch 

The P compounds in the acetone filtrate from 
18 g of wheat starch were separated merely mto the 
ether soluble and aqueous residue firactions m Fig 2, 
and determinations of N, P and chohne were made 
on these fractions (see Table 3) It will be noted that 
the ratio of total chohne N to total P m the acetone 
filtrate is 1 1/1, from which it appears reasonable to 
assume that the bulk of the chohne was imtiaU}’^ 
present as phosphatide From the total chohne 
figure for the acetone filtrate, the calculated phos 
phatide content is 1 0 % , and from the total P content 
of this filtrate 0 9 % These values, which are 
obviously maximum values, eu:e comparable with 
the value of 0 86 % calculated from the total P 
contents of Fractions IIo and HI m Table 1 


Examination of the acetone precipitate (starch residue) 
from the chloral hydrate peptization process 

The starch residue obtained by removal of the solvent from 
the acetone precipitate and drymg m the steam oven was 
soluble m 0 6i, HCl, but was precipitated on addition of an 
equal volume of ethanol The ethanohc filtrate contamed 
1(^15% of the P of the original starch (the acid soluble P), 
while approx 30% remamed associated with the pre 
oipitate Sumlar results were ohtamed respectively for the 
extract and the insoluble readue obtamed on reflimng the 
aretone prenpitate with 86% methanol for 12 hr Part 
of the aad soluble P was combmed as inoigamo phosphate 
an p^ as orgamc phosphate (glycerophosphate or hexose 
^sphate), but there is a possibihty that some may have 
bwn combmed as nudeotide or phytm or even as phos 
p a B hberated by the acid frvm a complex with carbo 
y A larger quantity of the acetone precipitate 
Wionl'^*^ ®^»oted with 0 6 K HQ and the extract 

The acid soluble phosphorus fraction The dried acetone 
precipitated material was moistened with a httle alcohol (to 
I^ter), 20 times the weight 
IS-Ofio A ^ and the mixture shaken for 1 hr at 

nf H, 1 and portions 

^the solution obtamed on filtermg off the preapitated 

iTfnw neutralization and 

as m the scheme of LePage & Umbreit 

solutinn A matenahy reduced by 

that the reprecipitation by neutralization, so 

?oubS Cu'® "’““‘dered to be very 

and an n * precipitate contamed a httle motgamo P, 
cfimh ^ compound containing glycerol but no 

SSr, ^ aoluble^^MLe 

after acid h 1 d i ^“™e, ademne and chohne before and 
of naeleotide^°d^^ negative, mdicatmg the absence 
fore larcelf ph^hatide The acid soluble P is there 
rg 1 glj cerophosphato with some morgamo P 


DISCUSSION 

The data presented afford proof that phosphatide is 
presentm wheat starch, and therefore the statements 
m the hterature to this effect, based on mconclusive 
evidence, have been substantiated The phosphorus 
present (approx 0 07 %) has been dinded mto three 
mam fractions (1) approx 60-60% of the total 
phosphorus remains m solution when a chloral 
hydrate dispersion of the starch is precipitated with 
excess acetone This soluble phosphorus is largely 
present as phosphatide with a httle morgamc phos 
phate (2)10% of the total phosphorus is extractable 
from the acetone precipitate (starch residue) by 
0 Bn hj'drochlonc acid, as morgamc phosphate and 
glycerophosphate (3) Approx 30% of the total 
phosphorus remains associated with the starch, 
residue The nature of the phosphorus compound iru 
this fraction is bemg investigated 

SUMMARY 

1 Peptization of wheat starch m chloral hydrate 
solution followed by precipitation with acetone 
Snelded an acetone solution contammg 60-60 % of 
the phosphorus m the ongmal starch From this 
solution a fraction was separated, soluble m ether 
and chloroform, m which the N/P ratio was nearly 
1/1 and 96 % of the N was present as chohne Part 
of the ‘ adventitious P ’ present m the starch was also 
found m this firaction 

2 By precipitation of the chloroform soluble 
material, 60 mg of a waxy substance was isolated 
from 86 g of starch, havmg a composition agreemg 
with that of lecithm The presence of a phosphatide 
was therefore confirmed 

3 The phosphatide content of wheat starch was 
approximately 1 0 % calculated from the chohne 
content of the Ewetone solution mentioned above 

4 From the carbohydrate material precipitated 
by acetone, approximately 10 % of the phosphorus 
m the ongmal starch was extracted by 0 6 it hydro 
chlonc acid, 30% remaining associated with the 
carbohydrate 

6 The acid soluble phosphorus was combmed as 
morgamo phosphate (the residual ‘adventitious P’) 
and glycerophosphate 

6 Hexosephosphate and nucleotide were not 
present, while there -was no conclusive endence for 
phytic acid 

The authors wish to thank the directors of Messrs 
J Lyons and Co Ltd , in whose Laboratones this investiga- 
tion was earned out, for permission to publish 
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Studies 111 Vitamin A 

9 THE ROLE OP THE THYROID IN CAROTENE AND VITAMIN A METABOLISM 

By H R GAMA Airo T W GOODWIN 
Department of Biochemistry, The University of Liverpool 

(Received 4 March 1949) 


Apart from the action of the tooopherols m pre 
ventmg the oxidation of carotenoids in the mtestmal 
lumen, not much is known of other factors which may 
control the absorption and metabolism of carotene 
and vitamm A Attention has, however, been focused 
on the thyroid gland m this connexion, especially 
in regard to the conversion of ceurotene mto vita' 
min A Kimde (1926) noted the appearance of 
Viteimm A deficiency m thyroidectomized rabbits 
fed carotene and a little later von PeUenberg & 
Gruter (1932) and Pasold & Heidem ann (1933) 
claimed that carotene appeared in the milk of 
thyroidectomized goats Abehn (1933) at the same 
time noted that m g^innea pigs the administration of 
thyroxme adversely affected alike the metabolism 
of carotene and vitamm A The chmcal aspects of 
the subject have been reviewed by Drill (1943) 

After Abehn’s (1933) work there was a long 
mterval before the effect of the thyroid on carotene 
metabohsm was agam mvestigated DnU & Truant 
(1947), usmg the remission of xerophthalmia as 
criterion of vitamin A production, faded to demon- 
strate vitamm A formation from carotene m thyroid- 
ectomized animals An objection to this work is 
that the carotene was administered parenterally and 
there are serious doubts whether mjeoted carotene 
IS utdized to any great extent (see, e g , Sexton, 
Mehl & Deuel, 1946) Canadell & Valdecasas’s (1947) 
experience appears to co nfir m Drill & Truant’s 
(1947) work, but Remmgton, Hams & Smith (1942) 
state tliat eye symptoms m thyroidectomized rats 
are cured by the oral administration of carotene 


Di Bella (1940 a, b) also found carotene effective m 
such animals but with ‘deduced efSoiency’ 

Johnson & Baumann (1947), usmg the storage of 
vitamm A m the hver as the criterion of carotene 
conversion, found that the same dose of carotene 
produced less hver vitamin A m tluourea treated 
anim als than m controls and that, perhaps sur 
pnsmgly, control rats stored less than did rats dosed 
with desiccated thyroid A dmini stration of thyroxme 
and thiourea together produced normal hver storage , 
this mdicated that the action exerted by thiourea 
was antithyroid and that it did not reduce hver 
storage of vitamm A by virtue of another (unknown) 
pharmacological action Kelley & Day (1948) have 
confirmed the findin gs of J ohnson &, Baumann 
(1947) 

Wiese, Mehl & Deuel (1948) emphasize the im- 
portance of aUowmg for the growth mlubitmg power 
of thiouraoil when the effect of the drug on carotene 
metabohsm is assessed by means of biological assays 
mvolvmg the measuring of weight mcrements They 
proved that growdh inhi bition was due to thiouracil 
per sc, and not to its action on carotene metabolism, 
by demonstratmg that a normal response could be 
ehcited m thiouracil treated animals when desio 
cated thyroid, but not vitamm A, was added to the 
diet Wiese etal (1 948) overcame this difficulty -with 
regard to the bioassay by evaluatmg the dose of 
carotene required to produce half the maximum 
growth obtamed m the control and experimental 
groups Usmg this teclmique they found that 
P carotene was equally effective m both groups 
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These experiments could explam the ‘reduced 
efficiency ’ of carotene as a source of vitarmn A noted 
by Di Bella (1940o, b) m thyroidectomized animals 
The present mvestigation was planned on the 
assumption that there was an a prion case for 
imphcatmg the thyroid m the control of the con 
version of carotene mto vitamm A Further, none 
of the mvestigations just discussed mdicates the 
possible mode of action of the hormone and the 
antithyroid drugs It seemed hkely that one of three 
possibihties could explam the adverse action of 
thiouracil (o) that the enzyme convertmg carotene 
mto vitamm A m the mtestmal ivall is inhibited, 
(b) that the stabihty of carotene m the mtestmal 
tract IS reduced, and (c) that the absorption of 
carotene from the lumen is inhibited 

These three possibilities have been explored, pre- 
hinmary notes of part of this work have already 
appeared (Goodwm, 1948, Gama A Goodwm, 1949) 


EXPERIMENTAL 

Animals The rata and rabbits used were kept under normal 
laboratory conditions Rabbits were mamtamed on a mixed 
diet of Lever cubes andgreen outer leaves of cabbage, whilst 
rats were mamtamed on cubes only, water was provided for 
the rata 

Special diets When on experiment, rats were fed on either 
Lever cubes, ether extracted Lever cubes, or on the carotene 
(vitamin A) free diet usually used m this laboratory (Glover, 
Goodwm t Morton, 1948) 

^ahbii experiments Rabbits of approx equal weight were 
given a daily oral dose by stomach tube for 3 weeks (ex 
eluding Sundays) of either thiouracil or desiccated thyroid 
snppbed by Evans Medical Supphes Ltd Blood samples 
were drawn from a margmal ear vem at weekly mtervals 
durmg and for some time after the administration of the 
thiouracil and the desiccated thyroid. 

The blood samples were centrifuged and the resultmg 
plasmas (about 6 mL each) were exammed for carotene, 
retmene and vitamm A according to the method m general 
use m this laboratory (see, e g Goodwm A Gregory 1948) 

Aa( trpenmentj Eor each experiment rats of the same sex 
and about equal weights were divided mto groups of three 
iaoh group was fed either a known weight of one of the basal 
tots or the same weight of the same basal diet to which had 
oecn added a known amount of either thiouracil, or desio 
rated thyroid, or a mixture of both. Each expenment was 
^vided into three penods oneofV days on the experimental 
, one of 3 days on the experimental diet durmg which 

11 either 30 or 60 ug of 

c^sh^e Pdarotene dissolved m refined arachis od, and 
ow of 3 days during which the animals were agam fed the 
ra^mentalffietonly During these expenmltal periods 

taken fn ^ ■were mixed woU, and samples 

upucato and oRen m tnpheate, these alwavs avreed 

^sdTui^i^lll concentration m the faeces 

according to a method described by Morton 

^nSTrUsTm^ Coune'd report 


Stability experiment Colloidal solutions (30 ml ) of^ caro 
tone contauung about 6 pg /ml were moubated at 37“’ for 
2 5 hr at various values of pH, either alone or with 60 pg of 
thiouraod dissolved m 6 ml of an appropriate phosphate 
buffer At the end of 2 6 hr the pigment was extracted from 
the aqueous phase with freshly redistdled ether, after 
removing the ether, the residue was dissolved m a known 
volume ofcyciohexaneforspeotrophotometncmeasnrements 

RESULTS 

Rabbit expenment This expenment was planned 
on the assumption that if thiouracil inhibited the 
mtestmal ‘carotenase’ of animals, the plasma of 
winch normally contains no carotene (e g rabbits, 
goats), then it might be expected that the carotene 
would find its way across the mtestmal wall and 
appear m the systemic blood, this apparently 
occurred m Fasold & Heidemann’s (1933) thyroid 
ectomized goats which produced yeUow milk As 
there is good evidence to suggest that the conversion 
of carotene mto vitamm A is a two stage process, the 
first step bemg the production of vitamm A aldehyde 
(retmene) which is then qmckly reduced to vitamm 
A (Glover et al 1948), a further possibdity was that 
the conversion of carotene mto vitamm A was 
mhibited at the retmene stage 

Table 1 Plasma mtamin A levels of rabbits 
dosed vnlh thyouraed and desiccated thyroid 

Treatment of animals Vitamm A m plasma 

(in /lOO ml ) 

Weeks after begmnmg of 

treatment 0 12 3 4 

A 


Control 

139 

154 

148 

161 

140 

Control 

113 

124 

120 

116 

120 

Thiouracil, 260 mg /day for 

18 days 

163 

167 

187 

169 

127 

Thiouracil, 260 mg /day for 

18 days 

149 

187* 

— 

141 

133 

Thiouracil, 600 mg /day for 

18 days 

193* 

169 

170 

148 

165 

Thiouracil, 600 mg /day for 

18 days 

176 

171 

173 

149 

149 

Deaiccated thyroid, 

200 mg /day for 18 days 

104 

137 

123 

117 

108 

Demcoated thyroid, 

200 mg /day for 18 days 

— 

162 

180 

169 

165 

Desiccated thyroid, 133 148 

200 mg /day for 18 days 

* Doubtful values 

126 

123 

121 

The blood of rabbits 

mamtamed on 

a 

high 


carotene diet and fed thiouracil were thus examined 
for carotene and retmene Because of the facihties 
available at the time, emd of its connexion with the 
mam problem, the effect of thiouracd on the plasma 
vitamm A levels was also exammed Later the 
mvestigation was extended to mclude the action of 
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desiccated thyroid as well The weekly values of the 
plasma vitarmn A levels of rabbits fed varjung 
amounts of thiouracil and desiccated thyroid are 
recorded m Table 1 It wdl be seen that neither 
thiouracil nor desiccated thyroid has any effect on 
the plasma values 

At no tune durmg this mvestigation was carotene 
ever detected Smce carotene wm consistently 
absent m the plasma of the thiouracil -treated 
animals steps were taken to detect, if possible, traces 
of retmene In cyclohexane for retmene is 

373 my (Ball, Goodwm & Morton, 1948) No 
selective absorption was ever noted m this region m 
plasma extracts It was not possible to test for 
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selectively absorbmg compound Incidentally, the 
correction procedure gives results for the plasma 
vitamm A levels m good agreement with those 
obtamed usmg the antimony trichloride method 
For example, the values obtamed for two plasmas 
were 128 and 166 i u /lOO ml , usmg the correction 
procedure, and 132 and 169 i u /lOO ml , usmg the 
antimony trichloride test 

Stability test Five experiments m which thiouracil 
was added to colloidal carotene and mcubated for 
2 6 hr at pH 7, 4 or 8, failed to reveal any action of 
the drug on the stabdity of )S carotene Fig 2 records 
the results obtamed m a typical experiment , there 
IS httle quantitative or quahtative difference 
between the absorption spectrum of p carotene 
mcubated alone, or with added thiouracil A large 



Fig 1 The absorption spectrum of a light petroleum extract 
of plasma obtamed from a rabbit dosed with 100 mg 

thiouracil for 18 days, , direct absorption spectrum 

(curve A), -x-x-x-, absorption due to vitamm A 
(curve B), -A-A-A-, absorption not due to vitamm A 
(curve 0) 

retmene using the antimony tnohlonde test , m order 
to identify the retmene band at 664 my rather than 
just to measure the absorption at that wave length, 
the Hilger Nuttmg visual spectrophotometer has to 
be used instead of the Beckman photoelectric 
instrument, this needed more material than was 
available In order to see if any other possible 
vitamm A derivatives absorbmg m the region 
300-360 my were present the Morton & Stubbs 
(1946) procedure was apphed, a typical result is 
recorded m Fig 1 After recordmg the direct ultra 
violet absorption spectrum of the extract (curve A) 
the correction procedure was apphed to determme 
the absorption due to vitamm A (curve B), the 
subtraction curve O (curve A — curve B) records the 
absorption not due to vitamm A It will be seen 
that between 300 and 360 my the absorption is 
enturely general and no signs are present of a 


Fig 2 The absorption spectrum of a cyclohexane solution 

ofjS carotene, ,afterthe|3 carotenehadbeenmcubated 

asacoUoidalsolutionatpH 4for2 6 hr at37°,- x-x-x-, 
after the pigment had been similarlv treated in the presence 
of thiouracil 

number of similar experiments usmg desiccated 
thyroid mdicated that this also had httle effect 
on the stabdity of )3 carotene These experiments 
will be published m detad later for they form part of 
an mvestigation mto the claun that thyroglobulm 
converts carotene mto vitamm A tn vitro (Kaplansky 
& Balaba, 1946) 

Absorption exponment The results of the effect 
of thiouracd and desiccated thyroid are recorded m 
Tables 2 and 3 It is plam that even under extreme 
conditions of absorption (no roughage m the caro 
tone free diet, and a large proportion of roughage 
m the cubes) thiouracd inhibits and thyroid promotes 
absorption of carotene from the rat alimentary tract 
It IS only when very large amounts of carotene are 
provided m the food that these effects disappear 
They are masked because on a large mtake a high 
proportion of the mgested carotene is excreted m 
any case 
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Table 2 Carotene excretion by rats on various diets with and without 
the addition of thiouracil (100 mg /day) 




Carotene exoreted/day by a group 

Increased 


Duration 

of 3 rats (pg ) 

excretion m the 


of 

/ 

A 

thiouracd fed 


experiment 


Thiouracil fed 

groups 

Diet 

(days) 

Controls 

ammals 

(%) 

Ether extracted food cubes 

7 

489 

9 32 

90 6 

Ether extracted food cubes 

3 

3 34 

3 81 

11 4 

Ether extracted food cubes + 30 pg ^ carotene/day 

3 

10 14 

16 90 

66 8 

Carotene free diet* 

3 

2 43 

3 98 

63 9 

Carotene-free diet + 60 pg ^carotene/day 

3 

7 07 

9 63 

34 9 

Unextracted food cubes 

7 

60 1 

67 3 

[-6 0] 

4 


68 6 

644 

[ - 10 7] 

Unextracted food cubes +50 pg ^carotene 

3 

107 

112 9 

60 


Mean increased excretion 80 8 


* This was during a period immediately foUowmg the administration of J3 carotene which was stdl being excreted 


Table 3 Carotene excretion by rats on various diets with and without 
the addition of desiccated thyroid (100 mg [day) 


Duration 

of 

experiment 


Diet (days) 

Ether extracted food cubes 7 

Ether extracted food cubes 3 

Ether extracted food cubes + 30 ag S carotene/day 3 

Carotene free diet* 3 

Carotene free diet* 3 

Dnextracted food cubes 7 

Unextracted food cubes + 50 JS carotene/day 3 


Carotene excreted/day by a group 
of 3 rats (pg ) 

A 

Decreased 
excretion of the 
thyroid fed 
group 
(%) 

Controls 

Thyroid fed 
animals 

4 89 

304 

37 8 

3 34 

3 41 

[+2 0] 

10 14 

8 72 

14 0 

2 43 

1 06 

66 7 

2 43 

1 70t 

30 0 

60 1 

649 

[+8 0] 

107 6 

106 6t 

1 0 


Mean decreased excretion 18 5 


* Dus was dnrmg a period immediately following the administration of p carotene which was still being excreted 
T In these experiments the dose was mcreaaed to 200 mg /day 


Table 4 Carotene excretion by rats on a diet of ether extracted food cubes with and without 
the addition of both thiouracil and desiccated thyroid (100 mg /day) 

Carotene excretion/day by Decreased 



Duration 

a group of 3 rats (pg ) 

excretion m the 


of 

t 

A. ^ 

group fed 


experiments 


Thiouracil + thyroid 

thiouracil + thyroid 

Diet 

(days) 

Controls 

fed animals 

(%) 

Ether extracted cubes 

7 

4 89 

3 19 

347 

Ether extracted cubes 

3 

3 34 

2 95 

115 

Ether extracted cubes + 30 pg 

3 

10 14 

983 

3 1 

P carotene/daj 



Mean decrease 

16-4 


It was obvioiisly of importance to discover whether 
the inhibitory effect of tluouracil could be counter 
acted bv the simultaneous feedmg of desiccated 
*^®^^*lti6ntly a similar experiment was 
®<hTie out m which both desiccated thyroid and 
tiuo^cil were mcluded m the basal diet There isno 
oubt that the thjToid extract counteracts com- 
p e e y the effect of thiouracil (Table 4) and under 
e conditions of this experiment also exerted a 
PMitne effect m spite of the presence of thio- 


DISCUSSION 

The results set out in this paper mdicate that the 
thyroid does play a part m the metabohsm of caro 
tenoids It acts, not by stimulatmg the conx^ersion 
of carotene mto xntamm A, but bv controlling the 
mtestmal absorption of carotene The antithyroid 
action of thiouracil is also demonstrated by the fact 
that it inhibits absorption of the pigment and that 
this effect is counteracted by the simultaneous 
feedmg of desiccated thyroid 
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It IS now possible to reconcile to some extent the 
conflictmg reports as to the effect of antithyroid 
drugs on carotene metabolism Wiese et al (1948) 
used the bioassay to demonstrate the mabihty of 
thiouracil to inlubit the growth promotmg power 
of p carotene It is probable that at dose levels of 
I fxg of p carotene per day the effect of thiouracil 
would be small enough to go unrecogmzed by a 
bioassay with such a high inherent error as that of 
the vitamm A assay (Gndgeman, 1944) unless a very 
large number of rats was used 

On the other hand, Johnson & Baumann (1947) 
used the hver storage of vitamm A as the cnterion 
of efficiency of conversion of carotene mto vitamm A 
and fed their rats at a much higher level (49- 
60 pg /day) Obviously, over a period of 16 days, 
disturbed absorption would considerably reduce the 
amount of carotene available for conversion and this 
would readily be detected m a faU m the amount of 
vitamm A stored m the hver, this is presumably 
what happened m Jolmson & Baumann’s (1947) 
experiments m which hver vitamm A was very much 
lower m thiourea treated rats than m controls The 
discovery of Jolmson & Baumann, that rats fed 
desiccated thyroid stored more vitamm A than did 
controls, also fits m with the present observations 
that thyroid stimulates absorption of carotene 

It is mterestmg to consider briefly the effect of the 
thyroid on vitamm A metabohsm per se The results 
recorded m Table 1 show that, whatever the effect 
of the thyroid on the utilization of vitamm A (see, 
e g Baumann & Moore, 1939, DnU, 1943), neither 
desiccated thyroid nor thiouracd, even m large doses, 
has a significant effect on the plasma vitamm A 
levels of rabbits This mdicates that the hver factors 
controlling the plasma hver eqmhbnum are un- 
affected 

It IS unnecessary to consider the mass of conflicting 
evidence available concemmg the diagnostic use of 
plasma vitamm A levels m cases of hyper and 
hypo thyroidism, for it does seem from our data that 
they are without value m this respect Only m 
pathological conditions m which the hver blood 
equihbnum is disturbed, can the determmation of 
plasma ntamm A levels be of any help In other 
conditions the long term uncontrolled nutntional 
history of a patient is the most important factor, for, 
because of the existence of the hver-blood eqm^ 
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hbnum, it is only when hver stores are almost 
exhausted that any dramatic variations m plasms 
levels can be expected (Lewis, Bodansky, Falk & 
McGuire, 1942, Glover, Goodwm & Morton, 1947) 
A hypothetical example may make the argument 
clearer two patients A and B, now hvmg on diets 
contammg only small amounts of vitamm A, develop 
hypothyroidism at the same tune, owing to different 
previous nutritional histones the hver of A contains 
26,000 1 u and that of B 260,000 i u (a vanation not 
beyond experience, cf Moore, 1937) Owmg to the 
functiomng of the hver blood eqiuhbnum the plasma 
values for both A and B would fall withm the 
normal range Assuming a vita min A utilization of 
1260 1 u /day (Hume Krebs, 1949) A’a reserves 
would be exhausted withm 20 days and his plasma 
level would show a sudden drop withm about 
17 days, tliis fall could at first sight be correlated 
with the onset of hypothyroidism In B'b case, on 
the other hand, 200 days would elapse before such 
a well marked fall would be evident, this could not 
normally be correlated with the onset of hypo 
thyroidism 

SUMMARY 

1 Feedmg large amounts of thiouracd to rabbits 
on a lugh carotene diet does not cause the appearance 
of either carotene or retmene m the blood plasma 
This IS taken to mdicate that thiouracd does not 
inhibit mtestmal ‘ carotenase ’ 

2 Neither thiouracd nor desiccated thyroid has 
any quahtative or quantitative effect on the stabdity 
of colloidal solutions of p carotene 

3 Thiouracd inlubits and desiccated thyroid 
stimulates the absorption of p carotene from the 
mtestmal tract of rats When ad mini stered with 
thiouracd, desiccated thyroid counteracts the mhibi 
tion by the drug 

4 Neither thiouracd nor desiccated thyroid has 
any effect on the plasma vitamin A levels of rabbits 

6 Reasons are given for suggestmg that determi- 
nation of plasma vitamm A levels are of httle or no 
value m diagnosmg thyroid dysfunction 

We are grateful to the Medical Research Council and the 
Ministry of Food for financial assistance towards the cost 
of this work and to Prof, R A Morton for his interest and 
advice during the investigation. 
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Metabolism of Derivatives of Toluene 

3 o , m- AND p XYLENES 
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One purpose of the present study of the xylenes was 
to compare their excretion products m the rabbit 
with those found after a dminis tering the corre 
spending toluio acids (Bray, Thorpe & Wood, 1949) 
which are known to be metabohtes of the hydro 
carbons There was added mterestm that the xylenes 
are compounds with two similar potential ‘ centres 
for conjugation ’ (Bray, Ryman & Thorpe, 1948) and 
may be compared with the toluamides (Bray et al 
1949) which have two diss imil ar potential ‘ centres ’ 
The hterature contains few accounts of mvestiga 
tions of the fate of the xylenes m the animal body 
Schultzen &Naunyn (1867) found that ‘xylene’ ■WBS 
oxidized m man and the dog to ‘tolmc acid’ and 
excreted as the glycme conjugate Curci (1892) stated 
that all three isomers were oxidized m the dog to the 
correspondmg tolmc acids Fihppi (1916) showed 
that the o and m isomers were snmlarly oxidized m 
the rabbit and excreted unconjugated More 
’’ecently, Kuhn & L6w (1939) isolated p tolmc acid 
ns the mam excretion product of p xylene m the 
mbhit Evidence that hydroxylation may also occur 
has been put forward Curci (1892) clauned to have 
isolated from unne both a xylenol and a hydroxy- 
tolmo acid after the administration of each of the 
tl^ isomers to the dog Yields of 25 % or more of 
6 xylenols were reported, but were based upon 
^ghts of obviously impure jfractions The con 
gurations of the hydroxylated metabohtes were 
gii en, but were based solely upon the colour re 
actions of fractions or products of doubtful purity 
f 1 .^^' (1^15) found evidence for only a small degree 
ydroxylation of m xylene m the rabbit and was 
unable to separate any hydroxylated metabohte of 
o VTlene 

^ the present mvestigation the effect of the three 
M lenes on the excretion of ether soluble acid, 
ucmg substances and ethereal sulphate has been 

nn'j 'i cluef metabohtes have been isolated 

und characterized 


EXPERIMENTAL 
Materials and methods 

Diet and dosage The rabbits and diet used were as m 
previona studies m this laboratory (e g Bray, Ryman A 
Thorpe, 1947) The xylenes (L Light and Co ) were ad 
ministered with water by stomach tubes No toxic effects 
were observed with any of the isomers at doses np to 1 6 ml 
The m andp isomers could be given safely m doses of 2 ml , 
but the 0 isomer at this dose level occasionally caused the 
excretion of large amounts of reducing material This 
differed from the expected metabohte m that it was not 
soluble m ether (of ether solubdity of the ester gluouromde 
metabohte of o tolmc acid (Bray ei al 1949)) The reducing 
material may he a manifestation of a toxic reaction, similar 
observations were made with o toluamide (Bray et al 1949) 
and o and m acetotolmdides (Bray A Thorpe, 1948) 

Methods These were for the most part the same as those 
used m the study of the metabolism of the tolmc acids 
reported previously (Brav et al 1949) In some experiments 
the reducmg power of hydrolysed unne was determmed u sing 
the method descnbed by Bray, Neale A Thorpe (19466) 

RESULTS 

Normal excretion of metabolites 
Tlie average daily excretion of ether soluble acid by 
mdividual rabbits ranged from 683 to 895 mg 
(calculated as hippunc acid) In the majonty of 
experiments, owmg to a long dela's m excretion, the 
percentages of the doses correspondmg to the 
mcreasea m ether soluble acid excretion were 
calculated from smgle ‘base bne’ values, i e those 
of the days before administration of the dose 
Although the results cannot be so satisfactory as 
those normally obtamed usmg two or more ‘base 
Ime’ values, they serve to show the general quanti- 
tati\ e features of the oxidation of the xvlenes to 
toluic acids 

The a\ erage daily output of reducmg matenal by 
mdividual rabbits ranged from 147 to 195 mg (calc 
as glucuromc acid) The average percentages by 
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which the indiiadual daily values differed from the 
weekly average base hues used for calculation of 
results was + 6 % 

The average daily excretion of ethereal sulphate 
for mdividual rabbits ranged from 26 to 39 mg 
SOj Tlie average percentage by which the 
mdividual dailj- values differed from the weekly 
averages was ± 9 % ( ± 3 mg SO,) 

Metaboltsm of o xylene 

Tlie results are summarized m Table 1 As with 
O'tolmc acid (Bray et al 1949), the ester glucuromde 
formed is soluble m ether and hence is mcluded m the 
values for ether soluble acid The average total 
recovery accordmg to the above results is therefore 
66 % In a few experiments at the highest dose level 

Table 1 Excretion produci^ of o xylene in the 
rabbit exypressed as percentage of dose 



(Ranges given 

m parentheses ) 




No 

Day Day 

Day 

Total 


Dose 

of 

1 2 

3 

excretion 


(g) 

exps 

(%) (%) 

(%) 

(%) 

Ether soluble 

09 

3 

42 10 

0 

62 

acid 



(40-44) (0-22) (0-1) (40-66) 


1 35 

14 

61 12 

3 

66 




(29-69) (0-24) (0-11) (47-81) 


1 8 

12 

37 13 

3 

64 




(17-57) (5-22) 

(0-8) (40-76) 


Av 


45 12 

3 

60 

Ester 

09 

2 

22 0 

0 

22 

gluourorude 



(20-23) 


(20-23) 


1 36 

3 

27 3 

0 

29 




(20-36) (0-6) 


(20-38) 


1 8 

9 

30 2 

0 

32 




(24-36) (0-5) 


(28-38) 


Av 


28 2 

0 

30 

Ethereal 

1 36 

1 

6 2 

0 

8 

sulphate 

1 8 

4 

6 2 

0 

6 




(3-6) (0-3) 


(3-9) 


Av 


6 2 

0 

6 


used (not mcluded m the table) the reduomg value 
of the unliydrolysed urme was abnormally high It 
was found, however, that only a portion of the 
reducmg material was soluble m ether, suggestmg 
as already stated, that the remamder was probably 
a response to a toxic compound The amount of 
ether soluble reduomg material excreted m these 
cases was of the same order as that normally found 
and recorded m Table 1 

Evidence was also obtamed of the excretion of an 
ether type glucuromde The dete rmin ation of ether 
glucuromde m the presence of ester glucuromde 
cannot normally be satisfactorily earned out by our 
method (Bray ef aZ 19466) In the present instance, 
howD\ er, the ether solubihty of the ester glucuromde 
penmts a separation o xylene urmes (as collected) 
were, therefore, contmuously extracted with ether 
for 1 8 hr to remoi e ester glucuromde and ether 
glucuromde was then estimated m the extracted 
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urme On the basis of six experiments it was 
estimated that about 10-16% of the dose was 
excreted as an ether type glucuromde, about a third 
of this durmg the second 24 hr after dosage If t his 
IS added to the values given m Table 1, approxi- 
mately 80 % of the dose can be accounted for 

Metabolism of m xylene 

The results obtamed are given m Table 2 Most 
of the dose is excreted as ether soluble acid which is 
composed of both m tolmc and tolunc acids, the 
latter predommatmg (see p 243) and a small amount 
of an ether soluble ester glucuromde (presumably 
m toluylglucuromde) About 4 % of the dose is 
hydroxjdated, a findmg which would appear to 
agree with that of Fihppi (1916) No ether 
glucuromde was detected 

Table 2 Excretion products of m xylene in the rabbit 
expressed as percentage of dose (1 74 g throughout) 
(Ranges given m parentheses ) Total 

No of Day 1 Day 2 Day 3 excretion 

exps (%) (%) (%) (%) 

Ether soluble aoid 13 69 14 8 81 

(47-74) (3-24) (0-16) (69-96) 

Ester gluonxomde 8 2 0 0 2 

((M) (0-4) 

Ethereal sulphate 4 4 0 0 4 

(3-4) (3-4) 

Table 3 Excretion products of p xylene in the rabbit 
expressed as percentage of dose (1 7 g throughout) 
(Ranges given m parentheses ) Total 

No of Day 1 Day 2 Day 3 excretion 

axps (%) (%) (%) (%) 

Ether soluble acid 16 63 17 8 88 

(60-76) (12-24) (0-16) (63-109) 

Ester duouromde 10 1 0 0 1 

(0-2) (0-2) 

Ethereal sulphate 4 0 0 0 0 

Metabolism of p xylene 

Table 3 summarizes the results obtamed Virtually 
the whole of the dose which can be accounted for is 
excreted over 3 days as ether soluble acid, the nature 
of which IB described below No ether glucuromde 
was detected 

QUALITATIVE EXPERIMENTS 
o Xylene Contmuous ether extraction of o xyleAe 
urmes gave a dark brown syrup from which o tolmc 
acid was readily isolated A typical yield was 1 0 g 
from total doses of 6 ml (6 3 g ) o xylene Toluene 
fractionation of the ether soluble material did not 
yield any o tolunc acid, but m one experiment on 
a larger scale (total dose 18 ml o xylene) evaporation 
at ordmary temperature of the mother hquors 
remaimng after the removal of o tolmc acid gave 
60 mg o tolunc acid, m p 164° (Gleditsch & Moeller 
(1889) fotmd m p 162 6°) (Found N6 7 Calc for 
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Table 4 Metabolism of xylenes, ioluaimdes and tolmc acids in the rabbit 


Percentage excreted as Percentage isolated* as 



/ 

A 


Total 

/ 

A 



Ether soluble 



percentage 



Other 


acid leas ester 

Ester 

Ethereal 

accounted 

Glycme 

Tolmc 

oTodized 

Compound 

glucuromde 

glucuromde 

sulphate 

for 

conjugate 

acid 

form 

0 Xylene 

30 

30 

C 

80 

03 

lo 



0 Toluamide 

— 

— 

0 

20 

0 

0 

20 

0 Tolmc acid 

4 

73 

0 

77 

0 

0 

0 

m Xylene 

79 

2 

4 

85 

36 

2 



m Toluamide 

85 

9 

0 

94 

25 

6 

28 

m Tolmo acad 

67 

26 

0 

93 

23 

17 

0 

p Xylene 

87 

1 

0 

88 

42 

2 



p Toluamide 

70 

4 

0 

74 

43 

3 

04 

p Tolmo acid 

84 

14 

0 

98 

46 

3 

0 


* These values were those isolated from 24 hr unne, so that amounts actually excreted are certainly greater 


CioHiiOjN N, 7 26% ) As in the study of o tolmc 
acid, we were unable to obtam the ester glucuromde 
m orystallme form, the usual methods of isolation 
yielding only syrups which gave some o tolmc acid 
on hydrolj^is Prebminary attempts to isolate 
hydroxylation products were unsuccessful Most 
of the xylenols and hydroxytolmc acids give httle 
or no coloration with feme chloride and the other 
phenol reagents (eg Fobn & Ciocalteu, MiUon, 
2 6 diohloroqmnoneoliloroimide) given by most of 
the fractions isolated are also given m some degree 
by normal rabbit unne It is proposed to re 
investigate this aspect of the metabolism of the 
sylenes after completing a study of the metabolism 
of the xylenols, which is m progress 
m Xylene The ether soluble matenal obtamed by 
continuous ether extraction of 24 hr unne of rabbits 
which bad each received m xylene (1 6 ml , 1 3 g ) 
was fractionated by refluxmg with toluene as de 
eenbed for the tolmc acids (Bray et al 1949) The 
amount of m tolunc acid isolated from unne corre 
spondmg to a dose of 16 ml (13 g ) m xylene was 
8 6 g (36 % of the dose) and of in tolmc acid 400 mcr 
(2 4 /(, of the dose) No hydroxylation product has 
yet been isolated (see last paragraph under o xylene 
above) 

P Xylene The yields of p tolmc and tolunc acids 
o tamed from 24 hr p xylene urme as desenbed 
200 mg and 10 0 g , respectively, from 
j ^ ® ^ ^lene, representmg 1 2 and 42% 
^hedose ^VlllIe no hydroxylation product has yet 
been isolated there is evidence that 2 6 xylen-1 ol 
1,7 This compound gives a colour with 

-- 0 aichloroqumoneclilorounide which is character 
J different from that given by normal unne 
nns *i * bnghter blue developmg more rapidly) 
Kfii, Ki colour was obtamed on testmg the ether- 
ox t ^ jbntenal obtamed from p xylene unne 
extracted as collected (pH 7 6) 

DISCUSSION 

tion *be results of the present mvestiga 

aniidpa m obtamed with the tolmc acids and 
oniides (Brav c; a? 1949) 


The chief features of this comparison are the 
higher percentages of the doses of the tolmc acids 
conjugated with gluouromc acid, the sunilanty of 
the glycme conjugation of the members of each 
group of isomers and the hydroxylation and ethereal 
sulphate conjugation of o and m xylenes 

The results provide a basis for assessmg the roles 
of conjugation with glycme and with gluouromc 
acid m the metabobsm of m and p tolmc acids It 
would appear that glycme conjugation of these acids 
takes place readily, even when their concentrations 
m blood are small, smee there is httle difference 
between the amounts of glycme conjugate derived 
from the acids administered as such or ansmg from 
oxidation of the xylenes or hydrolysis of the tolu 
amides It is reasonable to suppose that these latter 
processes mvolve a slowmg down of the overall 
metabolism, so that the blood levels of the tolmc 
acids would be expected to be lower after the 
administration of the xylenes or toluamides than 
after admmistration of the preformed acids them- 
selves The lag m excretion that occurs with the 
xylenes (Tables 2 and 3) also suggests a delayed 
metabolism, though it cannot be stated whether this 
is due to slow absorption, excretion or metabolism 
(absorption seems to have been complete m that no 
xylene or metabohte of xylene was detected m the 
faeces) This lag m excretion apphes only to the 
glycme conjugates, smee we found that the amounts 
of unconjugated m and p tolmc acids excreted were 
very small and that there was no mcrease m 
glucuromde excretion after the first 24 hr These 
facts suggest that gluouromc acid conjugation of 
wi and p tolmc acids may be a ‘shock’ metabohe 
process, occurrmg only when there is a relatively 
high blood concentration for which the glycme con- 
jugation mechanism alone is temporarily madequate, 
e g due to msufficient rate of avadabihty of glj cme 
Under such conditions it would be expected that 
glucuromde conjugation would be greater with the 
tolmc acids, mgestion of which would presumably 
cause a higher blood concentration of tolmc acid than 
would mgestion of the xylene uhich must first be 
oxidized to tolmc acid In the case of the toluamides. 
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if it be assumed that hydrolysis of the amide 13 
a prelimmary to conjugation, a delayed metabolism 
analogous to that of the xylenes and smaller con- 
jugation with glucuronic acid would be expected 
The effect is less pronounced than with the xylenes 
smce the hydrol3^s of the amide is more rapid than 
oxidation of the xylene, the metabohtes of toluamide 
bemg completely excreted m the first 24 lir 

Further support for the view that ester glucuronide 
conjugation may only occur when there is a 
relatively Ingh blood concentration of an acid which 
IS readilj^ conjugated with glycme is provided bj^ 
Snapper & Salzmann’s (1947) obsen^ations that m 
man sodium benzoate is excreted as both hippunc 
acid and benzoylglucuromde whilst benzoic acid is 
conjugated only with glycme Tliese authors suggest 
that sodium benzoate is more rapidly absorbed than 
benzoic acid A Jiigber level of blood benzoie acid 
would thus be achieved by mgestion of sodium 
benzoate and so favour glucuronide conjugation m 
addition to glycme conjugation Such an explana 
tion could also account for our previous finding 
(Bray, Neale & Thorpe, 1946a) that, although 
benzamide is apparently completely hydrolysed m 
the rabbit, less glucuromde excretion was obseiwed 
with benzamide than with benzoic acid In expen 
ments now m progress we have also observed that 
both toluene and benzyl alcohol are oxidized to 
benzoic acid which at small dose levels are con- 
jugated prmcipally with glycme and to only a small 
extent with glucuromc acid 

The o isomers show clearly the inhibitmg effect of 
an ortho substituent upon the glycme conjugation 
of a benzoic acid (cf Qmck, 1932) The effect 
appears to be more pronounced m the rabbit than m 
the dog, m which Qmck found 13 % of o tolmo acid 
to be conjugated with glycme and 79% with 
glucuronic acid (The glycme conjugation of the wi- 
and p tolmc acids by the dog was of the same order 
as we found for the rabbit ) Even with o xylene, winch 
of the three ortho compounds would be expected 
to provide the lowest level of tolmc acid m the blood, 
and, therefore, result m glycme rather than gln- 
curomc acid conjugation, glycme is very small 
There was no emdence of the oxidation of both 
methyl groups m any of the xylenes With the 
toluamides also we obtamed no mdication of the 
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conversion of both potential ‘ centres for conj ugation ’ 
to carboxyl groups, although it was clear that 
either of the two centres could be modified, e g m 
toluamide formed both wophthalanuc acid and 
m tolunc acid, but no tsophthalic acid, free or con 
jugated, was detected It would appear from the 
results at present available that where a molecule 
possesses two potential ‘centres for conjugation’ 
only one of these is modified m each molecule, 
although either may be modified m different 
mdividual molecules The evidence for hydroxyla 
tion of the xylenes shows that hydroxylation may 
occur even when there are two potential ‘centres 
for conjugation’ m the molecule The absence of 
hydroxylation of the tolmc acids and amides 
suggests that the hydroxylation of the xylenes takes 
place before oxidation of the methyl group 

SUMMARY 

1 The metabolism of the three xylenes m the 
rabbit has been studied 

2 All three compounds are mainly oxidized to 
the correspondmg tolmo acids (60, 81 and 88%, 
respectively) The resultmg o tolmc acid is excreted 
mamly unoonjugated and as an ester gluouromde 
(30 % of the dose), but a small amount (0 3 % by 
isolation) IS conjugated The tolmc acids from m 
and p xylenes are excreted chiefly as glycme con 
jugates, only small amounts bemg excreted fiiee or 
conjugated with glucuromc acid 

3 Evidence of hydroxylation has been obtamed 
m the case of all three isomers 6 and 4 % of doses of 
o and m xylenes, respectively, are excreted as 
ethereal sulphate and 10-16 %ofo xylene is probably 
excreted as an ether glucuromde p Xylene may 
give nse to a xylenol 

4 A comparison of the results of this study with 
those of a previous one of the tolmo acids and amides 
enables the roles of glj'cme and glucuromc acid con 
jugation of the tolmc acids to be assessed Tlie 
conclusions drawn may also apply to other aromatic 
acids 

We are mdebted to the Royal Society for a Government 
Grant which defrayed part of the cost of this work and to 
Mr P B Wood for his help m some of the confirmatory 
experiments The mioroanalysis was earned out by Drs 
Weder and Strauss, Oxford 
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PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 


The 278th Meeting of the Biochemical Society was held in the Biochemistry Department, University 
OoUege, Dundee, on Friday, 29 July 1949, when the following papers were read 

COMMUNICATIONS 

Nucleic Acid Metabolism of Escherichia cob By Mabjory Stephenson (the late) and Jennifer 
M Motie (mtroduced by E F Garb) {Medical Research Council Unit for Chemical Microbiology, 
Biochemical Laboratory, University of Cambridge) 


A preliminary study of the nucleic acid metabohsm 
m a stram [H) of Esch colt has been earned out usmg 
washed suspensions of cells winch had been grown 
on a tryptic digest of casein with 0 6 % glucose for 
22 hr at 37° 

The general phosphorus distnbution m the cells 
was mvestigated, usmg Fiske & Subharow’s (1926) 
method for estunatmg morgamc orthophosphate 
Acid insoluble P amounted to 16—16 yg /mg cells 
(dry wt ), and acid soluble to Ipg/mg cells (of 
nluch approximately 46% was morgamc and 66% 
organic P) 

On moubatmg the cell suspension m bicarbonate 
buffer (pH 7 4) at 37° m the presence of 0 2M-Na 
lactate for 1 hr , the P distrihution underwent a 
marked change The cells lost 60% of them total P 
(invariably from the acid insoluble fraction only), 
all of which appeared m the supernatant, 60 % of 
tins being orgamc and 40% morgamc P 
The acid insoluble fraction of the cells was 
^ted accordmg to the method of Schmidt & 
annliauser (1946) to separate the two nucleic 
acids Ribonucleic acid (RNA) amounted to 
1^12 2 yg P/mg cells and deoxyribonucleic acid 
( RNA) to 2 7-3 2 yg P/mg cells This gives a 
laue of 16% ( + 6%) for nucleic acid 

After mcubation as above for 3 lu- the RNA 
bj 60% and the DRNA by 20-33% 
le orgamc P fraction appearmg m the super 
ua ant was fractionated with banum acetate at 
^ 2, and 90% of the total orgamc P was found 

m le barium soluble alcohol insoluble’ fraction 
10 molar ratio of pentose/P m tins fraction was 


12 4, and m the ‘ barium insoluble ’ fraction 117 
Both fractions were completely hydrolysed m N HCl 
at 100° m 10 min 

No degradation of nucleic acids could be demon 
strated m the presence of glucose The action of 
Na lactate could, however, be dupheated by 
eqmvalent concentrations of NaCl and KOI, though 
MgClj completely inhibited the breakdown of 
nucleic acids Greenstem, Carter A Chalkley (1947) 
have shown that the rate of breakdown of Na salts 
of nucleic acids by aqueous animal tissue extracts 
18 very greatly mcreased m the presence of salts, but 
here Mg is reported to be relatively more effective 
than Na 

The breakdown of RNA m mtact cells was 
apparently inhibited almost completely by the 
addition of morgamc phosphate (40 yg P/mg cells) 
and ammomum sulphate (10 mg NNHa/lOOmg 
cells) to the reaction mixture In this case, a source 
of energy was required, smee replacement of Na 
lactate by NaCl gave no inhibitory effect 

That cell suspiensions previously boiled 30 rmn 
underwent no change m nucleic acids m the presence 
of salts suggested that these changes were enzy- 
matically controlled Acetone powders prepared 
from suspensions of crushed ceUs possessed activity 
Bumlar to that of mtact cells, and extraction of the 
acetone powders with buffers gave cell free extracts 
which were active towards RNA (and sometimes 
towards DRNA) TherateofbreakdownoftheRNA 
of boded suspensions of crushed ceUs by such 
extracts was hnear for the mitial 20 mm and was 
optimal at pH 7 0 
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The Configuration at G-20 of the Urinary Pregnane-3(a) 17(a) 20-triol of Butler and Marrian 
By W Klynb (Postgraduate Medical Sclwol, London, TT^ 12) 


Butler & Maman (1937, 1938) isolated from the 
urme of patients with adrenal vrrdism a pregnane- 
3(a) 17(a) 20 tnol Subsequently, Mason & Kepler 
(1946) isolated from similar material a compound 
which was apparently the same triol Mixed 
meltmg pomt determinations on the triols and their 
diacetates, kmdly supplied by Prof G P Maman, 
F R S .and Dr H L Mason, have shown that the two 
triols are identical AU the following meltmg pomts 
are corrected Tnol diacetates Maman (punfied by 
chromatography), 166-7°, Mason, 167-9°, mixture, 
166-8° Triols Maman (by hydrolysis of the di 
acetate), 247-9°, Mason, 246-9°, mixture, 246-8° 
The configuration of the urmary tnol at C 20 has 
not been discussed previously It has now been 
shown by means of the method of molecular rotation 
differences that the tnol is a 20a hydroxy compound 
(All configurations at C 20 m this paper are allotted 
foUowong the convention of Fieser & Fieser, 1948 ) 
The optical rotation of the tnol quoted by Mason 
& Kepler ([M]jy — 13 ± 6°) was compared with those 
calculated for the 20a and 20j3 isomers from the 
rotations of the analogous compounds m the 3(^) 
hydroxyaWopregnane senes (compounds 0 and J, 
Steiger & Reichstem, 1938), usmg the molecular 
rotation difference tables of Barton & Klyne (1948) 
The comparison (Table lA) gave no conclusive 
answer, smce the calculated [M]^ values for the 
tnols differ only by about 16°, it appeared that the 
unnary tnol was probably the 20a compound 


Table 1 Molecular rotations 


(Solvents are indicated by fonnnlae in brackets Values 
m itabos are calculated from the tables of Barton L Klyne, 
1948) 


Compound 


20a isomer 
20^ isomer 
Urmary tnol 


Wd 

, * 

oWoPregnane Pregnane 

3 (j3) 17 (a) 20 tnol 3 (a) 17 (a) 20 tnol 

A Tnols 

-42°(MeOH) -4° 

-27°(EtOH) +1P 

- 13° (EtOH) 

B Tnol diacetates 


20a isomer - 126° (MejCO) 

20(8 isomer + 103° (MejCO) 

Urmary tnol diacetate 


+ 23° 

+ 252° 

+ 3° (CEO},) 


The calculated [AIL values for the tnol diacetates, 
however, differ by about 230° (Table IB), and the 
configuration of the urmary tnol at C 20 could thus 
be allotted with certamty, usmg the \M]o value of 
its diacetate The rotation of Prof Maman’s tnol 
diacetate was therefore determmed 

Wn +08±0 8°(c=16m cliloroform), 

[ML + 3 ± 3° Tins value, when compared with the 
calculated values for the isomeno diacetates, shows 
clearly that the urmary tnol is 

pregnane 3(a) 17(a) 20a tnol 
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Iron Metabolism in Hens’ Eggs during Development of the Embryo By W N M Ramsay 
(Department of Biochemistry University of Edinburgh) 


Sendju (1927) determined haemoglobm m 7-, 14 
and 19 day chick embryos by the Sahh acid hae 
matm method after washmg the pigment out of the 
vessels Sohonheyder (1938), m a more extensive 
mvestigation, used the rough p 3 Tndme haemochro 
mogen techmque developed for yeast by Anson 
& Mirsky (1929) McFarlane & Milne (1934) deter 
mined Fe m the cluck embryo and its hver, but their 
teclmique required them to discard the highly 
vascular yolk sac 

In the present work haem pigment synthesis has 


been mdirectly estunated m mcubated, frozen, 
homogemzed eggs from the difference between total 
Fe (modified from Ramsay, 1944) and ‘non haem’ 
Fe, defined as Fe reactmg with 2-2' dipyndyl m the 
presence of NH,OH as reducmg agent (Hill, 1931 , 
Sherman, Elvehjem & Hart, 1934, Jones, 1948) 
The total Fe of 101 eggs averaged 1 07 mg /egg 

(s D ± 0 20 mg .distribution approximately normal) 

In twelve umnoubated eggs 98% (range 95-101 %) 
of the total Fe was found to be ‘non haem’ The 
techmque as used at present is thus not sensitive 
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enough to follow the small but defimte synthesis of 
Hb winch takes place durmg the early days of 
mcubation Haem Fe, however, mcreases smoothly 
and steadily from about 0 08 mg /egg (8 % of total) 
at 8 days to 0 46 mg (40% of total) at 14 days and 
0 8-1 1 mg (64^76% of total) at 19-21 da 3 m The 
amount of haem Fe towards the end of mcubation 
appears to depend largely on the total Fe The 
figures quoted for haem Fe may be used to calculate 
Hb values, which seem about 60% greater than 
those of Schonlieyder, and much greater than those 
of Sendju 


li. 

If haem-Fe is compared with embryo weight 
(figures of Byerly (1932), compiled from over 2000 
eggs), it appears that durmg the nuddle period of 
mcubation tbe rate of baem s 5 uithesis is relatively 
greater than that of mcrease m gross body weight 
(wet or dry) Thus, at 14 days, the embryo weight is 
about 36% of its final value, whereas 60% of the 
final amount of haem has been synthesized This is 
doubtless related to the existence and growth of the 
important extra corporeal circulation used by the 
embryo chick for both its respiration and its 
nutrition 
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Acid-soluble Phosphorus in Hens’ Eggs during Development of the Embryo By W N M 
Ramsat {Department of Biochemistry, University of Edinburgh) 


The major changes m P distribution durmg the 
mcubation of the hen’s egg comprise the dis- 
appearance of phosphohpm and phosphoprotem P 
and the accumulation of morgamc and (presumably) 
nucleic acid P (Phmmer & Scott, 1908, Masai & 
Fukutomi, 1923) These changes, which mvolve at 
least 80%, and probably much more, of the total 
P in the egg, can hardly take place without the 
mtermediate formation of P compounds of low mole 
cular weight It has therefore been thought worth 
wlule to examme changes m the orgamc acid- 
soluble P durmg mcubation Some prehmmary 
results are now presented 

Eggs after known periods of mcubation were 
chilled m acetone COj, stripped of their sheUs and 
lomogemzed while still frozen The cold suspensions 
were extracted with cold tncbloroacetic acid, and 
1 16 P m the extracts was fimctionated with banum 
acetate and ethanol at pH 8 3 (modified from LePage, 
) The method of Allen (1940) proved smtable 
for the P determmations 

Inorganic P amounts to about 6 2 mg /egg before 
mcubation, rises slowly after the 4th day to 9 8 mg 
oi then ever more steeply to 60-60 mg 

Total orgamc acid soluble P starts at 
ut 2 1 mg /egg, rises to a maximum of nearly 
mg at 16 days (with a sharp mcrease from 5 to 
'or Smg between the 10th and 12th da^-s), and 
rm?” ^’'elitly to 9 6^10 mg at 20-21 days 

F^te^ broadly similar to those of Masai 


The three banum ethanol firactions mto which the 
orgamc acid soluble P may be divided behave as 
follows 

(i) Ba-insoluble orgamc P remains fairly constant 
at 0 7-0 9 mg /egg for 8 days, and then rises steadily 
to 4 6 mg at 21 days P hydrolysed m 10 mm at 
100° m n-HCI does not account, even m chicks on 
the pomt of hatchmg, for more than about 20% of 
this firaotion (of Needham, Nowinski, Dixon A Cook, 
1937), but our techmque is not proof agamst partial 
loss of ATP or ADP 

(u) Ba ethanol insoluble P begins to rise from 
0 6 mg /egg at 4 days until it reaches a f i n al value of 
4 0 mg at 21 days No further mvestigation has yet 
been made of this fiaotion 

(m) Ba ethanol soluble P, which vanes over the 
first 4 days from zero to 1 3 mg /egg, rises to 
nearly 2 mg at 10 da 5 ^, and then to over 4 mg at 
12 days, thus accounting for the sharp jump m total 
acid soluble P seen at the same period After tins 
there is a steady fall until at 21 days the figure is 
only about 1 mg /egg Smce the quantity of this 
fraction is not decreased by carrymg out the Ba 
ethanol precipitation at pH 12 instead of pH 8 3, 
it does not seen to contam much ammo -ethyl 
phosphate (Outhouse, 1936) 

All figures quoted are the means of analyses on 
4r-10 eggs Vanations from egg to egg were found to 
be considerable, and only particularly well-defined 
changes are descnbed here 
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Are Phospholipids Transmitted through the Piacenta ? By G PopjAk and Mabie Louise 
Beeckmaits {National Institute for Medical Research, London, A7 TF 3) 


It was shown m a prenous investigation (PopjAk, 
1947) with the aid of ®®P that aU foetal tissues m the 
rat, rabbit and guinea pig are able to carry out the 
phosphorylating step of phosphohpid S 5 nithesis Tlie 
results strongly suggested that most, if not aU, the 
foetal phosphohpids are obtamed by synthesis 
withm the foetus Moreover, studies with deutemim 
and labelled acetate (PopjAk & Beeokmans, 
1949 a, b) proved that even fatty acids are syn 
thesized from smaller molecules withm the foetus 
The possibihty, however, that a small amount of 
phospholipid, preformed m the mother, might pass 
through the placenta could not be excluded The 
experiments to be reported were designed to probe 
this question 

The foUowmg argument was the basis of the 
experiments Two hours after the mjeotion of ®*PO" 
to a pregnant rabbit, the specific activity of the 
phosphohpid-P m the maternal hver is at the most 
6 %, and m the foetal tissues (foetal placenta, hver 
and carcass) 7-16% of the specific activity of the 
morgamc P m the correspondmg tissues If after 
the mtravenous mjection of labelled phosphohpids 
to pregnant animals the specific activity of the tissue 
phosphohpid-P would exceed the activity of the 
morgamc P m any of the organs, this could only 
mean an active uptake of whole phosphohpid mole 
cules from the maternal circulation Even if the 
specific activity of the phosphohpid P m the foetal 
tissues were higher than 16 % of the specific activity 
of the tissue morgamc P, the result would favour 
the view that whole phosphohpid molecules have 
passed the placenta 

Three rabbits (18, 23 and 28 days pregnant) were 
injected mtravenously with serum contammg phos 


phohpids labelled with ^*P Two hours after the 
mjection the animals were kill ed and tissue phos 
phohpids and morgamc P 07 assayed for ®®P 

The results of one experiment are shown m Table 1 
Although the foetal placenta took up appreciable 
amounts of phosphohpids from the maternal cucula- 
tion, it did not transmit whole phosphohpid mole 
cules either to the foetal hver or to the rest of the 

Table 1 Specific activity of phosphohpid P and 
inorganic P in maternal liver and in foetus 2 hr 
after injection of serum containing ®®P labelled 
phosphohpids, 2^ih day pregnancy 

Inorganio P Phosphohpid P 
oounts/mm /mg oounts/min /mg 



(a) 

(6) 

6/0 X 100 

Maternal hver 

184 

1009 

648 

Foetal placenta 

1396 

2880 

207 

Foetal liver 

823 

69 

72 

Foetal carcass* 

142 

94 

66 


* Whole foetus without hver 

foetus The radioactivity found m the foetal hver 
and carcass phosphohpids was no more than 
expected from the radioactivity present m the 
morgamc P The results on the 18th and 23rd days 
of pregnancy were exactly the same, except that the 
placentae on these dates seem to metabohze phos- 
phohpids even more actively them on the 28th day 
The unilateral ‘permeability’ of the rabbit’s 
placenta to phosphohpids is very similar to what was 
found previously for cholesterol (PopjAk, 1946), 
1 e that the placenta may take up large amounts of 
cholesterol from the maternal circulation, but does 
not pass it on to the foetus 
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In Search of a P-precursor of Phospholipids By G PopjAk and Helen Siura {Naticmal Institute 
for Medical Bcscarcli, Loudon, N TP 3) 


Zil^rsmit, Entenmon iL Fishier (1943) showed 
mathematicaUv that in tracer studies, in which a 
single injection of the tracer is given to animals, tho 
specific actnnty time cun es of n substance and its 
immediate precursor should hn\ o a relationship ns 
showTi m Fig 1 The principles laid down by Zilvor 
smit ct al ha\ e been applied m a search for a specifio 
P precursor of li\er phospholipids (looithm and 
cephalm) among the acid soluble phosphates Rats 
were the experimental nmmals Tho fractionation 
of the acid soluble phosphates was done ns described 
by Kaplan & Greenberg (1944) 



Fig 1 Relationship between specific activity of 
precursor (4) and product (B) 

It was found that after a smgle subcutaneous 
mjection of 10 pC of as NajHPO^, the only acid 
soluble P fiiaotion, tho specific activity tune curve 
of which fulfilled the criteria for this substance bomg 
the specific P precursor of phosphohpids, was a Ba , 
Hg and Pb soluble, but ethanol insoluble, orgamo 
phosphoric ester This fraction was identified as con- 
sisting mainly of a and ^ glj^cerophosphate In 


VIVO experiments wnth both a- and )3 glycerophos 
phate, labelled with ^-P, faded to substantiate the 
suggestion that glj corophosphate is a speoifio phos 
phohpid precursor Tho negative results, however, 
w ere well oxplnmod by the findmg that glycerophos 
phate does not outer liver cells unliydrolysed In 
vitro experiments wnth liver shoes, m winch “®P 
labelled glycerophosphate, glucose 1- and glucose 
C phosphate, muscle adenyho acid and adenosme 
triphosphate were used as substrates, similarly gave 
no evidence that either of those substances nnght be 
a specific P donor to phospholipids because of them 
rapid hydrolj'sis by tissue shoes 

A short interval after the mjection of morgamc 
PO4, tho specific activities of tissue morgamc P (I), 
glycerophosphate P (11) and of phosphohpid P (III) 
m dcscendmg order ore I > II > III It was thought , 
therefore, that if the reaction between phosphohpid 
and Its precursor is a reversible one and if tins 
precursor is really glycerophosphate, then, after the 
mtravonous injection of ^-P labelled phosphohpids, 
the specific activities of the P fractions mentioned 
above should be m the following order III > II > I 
Tins argument, of course, should apply only to 
tissues winch take up and metabolize phosphohpids 
It was found that the rabbit’s placenta takes up 
relatively large amounts of phosphohpids from tho 
maternal circulation (see precedmg communication), 
and that 2 lir after the mjection of a serum con 
tammg ’“P labelled phosphohpids to a 28 days’ 
pregnant rabbit the specifio activity of phospho 
hpid P m the placenta was 2880 0 /mm /mg , of 
glycerophosphate P 2090 0 /mm /mg and of the m- 
orgamo P 1396 c / min /mg It is inferred that the 
reaction between phosphohpid and its precursor is 
a reversible one and that this precursor is glycero 
phosphate 
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e Respiration of Rat- Liver Slices in the Presence of some Aliphatic Amines, Hydroxy- amines 
tod Quaternary Ammonium Salts By C Long (Departments of Physiology and Biological 
^Tfixatry, Mar%8chal College, University of Aberdeen) 

Zathureezky (1947) have stated that the effect as bemg caused by a simultaneous stimulation 
of r low" concentrations (about 2 X lO-'^M) of fat oxidation and inhibition of carbohydrate 
Orth *b ^ chloride, tetramethylammomum iodide, oxidation by the substances added Repetition of 
® Fdroohlondesofethylamme.tnmethylamme, these experiments has yielded the followrmg results 
th tnethanolamme markedly lowers (1) Control values for the Oj uptake by liver shoes 

o^c^ hver shces from fasted rats without from fasted rats ( — Go, range, 6 1— 9 0,av 6 7) were 
mg he rate of Oj uptake They mterpret this m agreement wnth data earher reported m the 
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literature and nearly twice as high as the figures 
given by Eperjessy & Zathureczky ( — Qo, range, 
calc from then data, 3 1-3 9, av 3 6) 

(2) Control values for b q , determined simul- 
taneously with (1) above, gave figures m the range 
0 33-0 66, av 0 60, also m agreement with earher 
hterature, but quite different from the range 
0 92-1 01, av 0 97, reported by Eperjessy & 
Zathureczky 

(3) Dimethylamme, trimethylamme, triethyl- 
amine, ethanolamme, triethanol amin e (as hydrochlo- 
rides), chohne chlonde and tetramethylammomuni 


iodide, when tested at 2 x 10 “' m, had no effect on 
the — Qo, or B Q values for hver shoes from fasted 
rats At 2 X 10“^ m, only chohne clilonde behaved 
as a substrate, mcreosmg the — Qo, reducing 
the B Q 

(4) Similar results to those reported under (3) 
were also obtamed with hver shoes from well fed 
rats 

(6) MHien tested directly, the substances ex 
ammed had no effect on (a) carbohydrate utilization 
by hver shoes from well fed a nim als or (6) glyco 
neogenesis m hver shoes from fasted anim als 
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Paper Chromatography of the Vitamin Bjj Group of Factors By E Lesteb Smith and W F J 
CuTHBEBTSON {Research Division, Qlaxo Laboratories Ltd , Qreenford, Middlesex) 


In January 1949 we reported the separation of four 
active factors from hver extracts and from bacteria 
by a combmation of paper strip chromatography 
and microbiological assay on a sohd medium Three 
were characterized as ‘ slow movmg A P A F 
‘ crj'stalhne A P A F ’ (now known to be identical 
with vitamin B^) and thymidine It is now clear 
(see references) that all five naturally occurrmg 
purme and pyrumdme deoxynbosides are microbio 
logically active, and Wmsten & Eigen (1949) showed 
the presence m hver extracts of six (umdentified) 
growth factors for L leichmamt 313 


eUipticity of the zones of growth on agar, and 
comparmg their maximum diameters with those of 
standard (undeveloped) rmgs The results were 
mdependent of the load from 0 003 to 0 8 jug How 
ever, crude products often show imperfect separation 
of the two zones In other mstances the slow movmg 
factor has clearly spht mto two 

Some deoxynbosides are difficult to separate 
chromatographically, especially those of guanine 
and hypoxanthme, and m some solvents those of 
adenme and thjonme We have now chromatographic 
evidence for the presence m extracts from hver and 


Rf, values in various solvents 



Methyl 

Methyl 







isobutyl 

ethyl 

Secondary 

n Butanol + 10% 


Wmsten Su Eigen 

Substance 

ketone 

ketone* 

butanolt 

aoetio aoid 

n Butanol 

n 

butanol 

Slow movmg A PA-F 

0 

0 

0 04-0 09 

0 10-0 14 

0 03-0 08 

1 

0-0 03 

Vitamin Bjj 

0 

Neghgible 

0 18-0 28 

0 26-0 30 

0 06-0 13 

2 

0 03-01 







3 

0 16-0 2 

Cytosme deoxynboside 



0 09-0 11 

— 

0 36-0 37 

0 28-0 34 



Guanine ,, 



0 12-0 14 

0 44-0 66 

c 0 40 

c 0 36 

4 

0 26-0 36 

Hypoxanthme „ 

c 0 01 

0 13-0 16 

0 44-0 66 

0 36-0 46 

0 32-0 36 



Adenme ,, 

0 02-0 026 

0 28-0 36 

0 61-0 69 

0 46-0 61 

0 51-0 67 

6 

0 41-0 64 

Thymme „ 

0 06-0 066 

0 44-0 47 

0 71-0 76 

0 62-0 73 

0 67-0 60 

6 

0 62-0 67 


* 90% saturated with water, developed m coldroom Otheraolvents saturated with water, developed at room temperature 
t Tank not humidified 


We have extended our work m several duections 
Some factors can senously upset R^ values unless 
controlled Volatile (water saturated) solvents tend 
to evaporate, leavmg the paper stnp excessively 
moist, while water evaporates preferentially from 
other solvents like butanol 

Secondary butanol was smtable for separatmg 
vntamm Bj, from slow moving A P AJF The pro 
portions could be assayed roughly by ignoring the 


from Streptomyces gnseus, of the deoxynbosides of 
thymme, adenme, cytosme and either hypoxantlime 
or guamne , the latter correspond with the ‘ Band 3 ’ 
we reported previously The probable identity of 
five of Wmsten & Eigen’s six factors is mdicated in 
the table 

The plate assay of hver extracts for vitamm Bjj 
can be made more accurate by removal of the 
interfer ing deoxynbosides , this can be done by 
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measuring nucrodrops of the test and standard 
solutions on to a sheet of filter paper and carri ing 
out ascending deielopment mth uot ii butanol for 
on hour or tu o , the paper is then cut an av bet ond 
the zone of nbofla\Tn used ns marker , the resulting 


zones of grovdih have sharp edges and are only 
slightly elliptical 

Wo Misli to thank Dr T Brady, Dr T Jukes and 
Dr V Kocher for generous gifts of i nnous deo'cynbosidcs 
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Irreversibility of the Deamination of Threonine in the Rat Bj D P Elliott and A Neubergeb 
(A'dbonaf Institute for Medical Research, Hampstead, N IF 3) 


Feeding experiments vnth ammo acids labelled mth 
in the a position hai e shown that moat of them 
take part m Te\er6ible deammation reactions in tho 
animal body This is true whether the ammo acids 
are essential for growth or not Wetssman A Schoen- 
heuner (1941) found, however, that lysine did not 
exchange its a mtrogen atom for that supplied by 
other ammo acids This is m keepmg with tho 
observation of Berg ( 1936) that D Ij’sme is ineffeotn o 
for growth purposes The cose of tlireoruno, m n Inch 
the o isomer is known to be meffectivo for growth 
(Rose, 1938), has not hitherto been mvestigated 
Three adult rats, wluch had been kept for a 
prehmmary period on a low protein diet, were 
given for three successive daj’S isotopic glycme 
(160 mg /day/rat) containing 31 6 atom % excess 
“N At the end of the fourth day the animals were 
lolled and the proteins of the internal organs pooled 
and hydrolysed Serme and tlueonme were isolated 
from the hydrolj’sate by the method recently do 


scribed by one of us (Elliott, 1949), various other 
ammo acids iv ere isolated by u ell known methods 
Tho results of the isotope analj-ses, given m Table 1, 

Table 1 Atom % excess of “N tn six atntno acids 
isolated from the internal organs of three rats which 
had been fed glycine containing 31 6 atom % excess 
o/»‘N 

Ammo acid Atom % excess “N 

Ql^ emo 3 600 

Senne 3 300 

Threonmo 0 000 

Arginine monohydrochlonde 0 366 

TjTOsino 0 107 

Lysmo monohydroehlonde 0 000 

clearly show that tlireonme does not take port m 
rev'ersible deammation reactions to any detectable 
extent under the conditions of the experiment We 
are mdebtod to Dr R Bentley for the mass spectro 
metric analyses 
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Paper- Partition Chromatography of the Sugars in Urine By Marjory Eastham (mtroduced by 
R P Cook) {Department of Biochemistry, University College, Dundee) 


^e carbohydrates present m samples of urme have 
l^n studied by paper partition chromatography 
( artndge, 1948) usmg as partition solvent normal 
bntool 4, acetic acid 1, water 6 
With untreated unnes a wliite mineral trail 
fi'ftor treatment with ammomacal AgNOj 
^ obscures a number of sugars, but if the urme is 
v®d with basic lead acetate, concentrated and ex- 


tracted with methanol, the extract consists mamly 
of carbohydrates and gives good chromatograms 
Normal and diabetic urmes and the urme from 
one case of infective hepatitis and tho urme from 
a patient on oaronamide treatment have been 
studied Variable amounts of glucose are present m 
all urmes A reduemg material of value 0 37 is 
present m large amounts This compound has not 
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been identified, but the methyl pentose rhamnose 
gives a similar value and chemical reactions ‘ Spots ’ 
are present at positions suggestmg arabmose, xylose 
and finctose TJromc acids (mcludmg ascorbic acid) 
are apparently present m aU the urmes mvestigated 


A number of reducing ‘fast runners ’ are also found 
These have not been identified 

The urme of the patient on caronarmde treatment 
showed a great mcrease m the amoimts of pentoses 
and uromc acids 
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The Distribution of Lipoids in the Faeces of Normal and Cholesterol-fed Animals By R 0 
Thomson {Department of BtocJietnislry, University College, Dundee) 


The distribution of hpoids m the faeces of rats, 
gmnea pigs and rabbits, fed a diet consistmg of rat 
cake (North Eastern Agricultural Co operative 
Society, Aberdeen), plus ohi^ od, with and without 
cholesterol, has been mvestigated 

Table 1 Controls (as percentage total lipoid) 

Qumea 


Fraction 

Bats 

pigs 

Rabbits 

Unsaponifiable matter 

235 

12 0 

19 0 

Total sterol 

86 

22 

49 

Ester sterol 

36 

04 

19 

Unsaponifiable matter not sterol 

16 0 

99 

141 

Total fatty acids 

76 7 

76 2 

61 8 

Free acids (a) Calculated 

301 

79 6 

49 0 

(6) Actual wt 

20 3 

71 6 

21 0 

Ester sterol fatty acids 

2 6 

03 

14 

Qlycende acids 

62 8 

33 

39 4 


The distribution of the mam constituents for the 
control animals is shown m Table 1 

The values for the cholesterol-fed einimals are 
given m Table 2 


Table 2 Cholesterol fed (as percentage total lipoid) 


Fraction 

Rats 

Guinea 

pigs 

Rabbits 

Unsaponifiable matter 

42 6 

26 7 

471 

Total sterol 

27 4 

13 3 

18 8 

Ester sterol 

86 

1 6 

37 

Unsaponifiable matter not sterol 

13 9 

13 4 

28 3 

Total fatty acids 

32 6 

63 2 

39 0 

Free acids (a) Calculated 

26 8 

61 6 

28 6 

(6) Actual wt 

78 

69 6 

67 

Ester sterol fatty acids 

42 

1 2 

27 

Glyceride acids 

20 6 

24 

29 6 


The volatile acids present have been estimated and 
separated by partition chromatography 


Some Obseiwations on the Structures of Certain Fructosans By D J Bell and Anne Pat.meb 
(Biochemical Laboratory, University of Cambridge) 


The foUowmg prehmmary results are reported 

A Inulins Specimens (seversdtimesrecrystalhzed 
from water) were hydrol 5 ^ed and estimations of 
D-glucose earned out, usmg the specific n glucose 
oxidase from PeniciUium notatum (Keilm & Har 
tree, 1948) Tnnbn from Dahlia was fractionated mto 
rapidly and slowly crystalhzmg matenal , muhn from 
Taraxacum and from Inula were not fractionated 


The foUowmg results were 

obtamed 

Cham length 


n Glucose 

per mole 

Source 

moles % 

glucose 

Dahlia Rapidly crystallized 

25 

38 

Slowly crystaUized 

22 

43 

Taraxaeam 

26 

37 

Inula 

23 

38 

Control (d fructose treated 
under game hydrolytic 

0 0016 



conditions) 

The aboi e results of ‘ cham length ’ are of the same 
order as those found by Haworth, Hirst & Percival 


(1932) by normal end group assay assummg no 
glucose to be present It must be noted that Irvine 
& Montgomerj^ (1933) showed that hydrolysates of 
methylated muhn contained some tnmethyl n glu- 
cose It IS therefore not clear whether muhn contains 
glucose as a terminal or an mtermediary radical 
B Crass levan Usmg the partition chromato 
gram of BeU & Palmer (1949) end group assay results 
are similar to those obtained by others (vide supra) 
However, em appreciable amount of dimethyl fructose 
was found among the hydrolysis products Tlierefore 
the levans are either branched polysaccharides or 
the chains are strongly hydrogen bonded one with 
another, thus resistmg etherification 


Source 

(grass) 

Itaban rye 
Leafy 
cocksfoot 


1 3 4 6 Me, 
fracbon 
(moles) 

1 

1 


1 3 4 Me, 

fraction 

(moles) 

12 

11 


Me, 

fraction ‘Cham 
(moles) length’ 


1 14 

1 7 14 
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Dr A G Ogston of Ovford lins dotomiined (by 
Bedunentation tind diffusion constant s) Ibo moleculnr 
iveiglit of the leafs cocksfoot mntorml This is of tho 
order of 6,200-6,400 Perennial r\ c grass lo\ an has 
a similar molecular sveight It is clour that grass 
levana are not simple chain molecules Wo ha^o 
further shoim that bacterial lo\nns aro larger m 
size, since they do not dialj-so through cellophane 
while grass le%'ans are liroelv diffusible 
C Iristn Usmg partition and paper clironiato 
graphy we ha\ o shown that metlij latod irisin con 
tarns an appreciable fraction of tnmcthj 1 fructoses 
(missed by pre%nou8 workers) This consists of about 


2 parls of 1 3 4 trnnotlul d fructose with 1 part 
of tho (probably) 3 4 0 tnmothjl isomer Tho 
results of our evxiorimcnts aro detailed below (The 
dimethyl fructose fraction has been shmvn to be the 

3 4 isomer ) 

1 3 4 0 Me, 1 3 4 Mcj (7)3 4 OJICj 3 4 Jlcj 
fructose fniotoso fructose fructose ‘Chain 

(moles) (moles) (moles) (moles) length’ 

7 2 1 7 17 

Dr Ogston has determined the mean molecular 
weight of our insm ns 22,600 Tins indicates that 
our material contains 8-9 umt chains 
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Observations on the Renal Clearance of some Fructosans By J Bea-Ttie and A C Corcoran 
(mtroduced by D J Beu,) (Bernhard Baron Research Laboraionea, Royal College of Surgeons of 
England, London and Glcvdand Chnxc, Cleveland, Ohio, USA) 


The renal clearances of levan (from Itahan ryo 
grass) and insm (from iris rhizomes) wore doter- 
nnned m imanaesthetized dogs by using cither the 
single dose technique or continuous mfusion over 



Ist sample 

End of 

End of 

Levan 

(15 min ) 

let hour 

2nd hour 

Single doBe 

10 

0 35 

0 2-0 3 

Continuous 

infusion 

Insm 

0 72 

1 

043 

0 4-0 46 

Single dose 

086 

0 62 

03 

Continuous 

infoBion 

060 

0 46 

04-06 


a period of 2-3 hr Sunultaneous determinations of 
crontinino, mannitol and sodium thiosulphate 
clearances were made The ratio of fructosan to 
creatmme clearance deebned ns shown m the 
table 

The results suggested that neither of the 
fructosans was homogeneous The fell m the 
absolute fructosan clearance and that relative to 
creatmme or thiosulphate clearance were mde 
pendent of plasma level Histanune in doses 
sufficient to cause renal vasodilation produced no 
change m the absolute or relative fructosan 
clearance 


The Changing Chemical Composition of Chick-Heart Explants Grown in vitro By J N 
Davidsok and I Lbsub {Department of Biochemistry, Olasgow University) 


y modifying the roller tube techmque employed 
® earher w'ork on chick heart explants in intro 
(andson, Leshe & Waymouth, 1949), it has 
ome possible to detemime the changmg amounts 
° ^ number of P and N components of the growing 
e tures In addition to the measurement of the 
Qoi soluble P and hpid P, the ribonucleic acid 
P ospliorus (RNAP) and deoxynbonucleio acid 
P n^horuB (DNAP) fractions are determmed by a 
niomfied form of the Schimdt & Tharmliauser ( 1 946) 
ffle hod, while N is determmed by the micro 
■iijeldahl method (Markham, 1942) 

vidence from other sources is accumulatmg to 
8 ow that the DNA content of the nuclei of all 
matio cells is constant m amount for each particular 


species, excluding, perhaps, those of certam mam 
mahan organs (Yendrely & Vendrely, 1948, Mrrsky 
& Rib, 1949) On this assumption the amounts m 
DNAP can be taken as direotly proportional to the 
number of cells m the cultures at various stages of 
growth The approximately sevenfold mcrease m 
DNAP recorded during 7 days’ growth imphes a 
similar morease m the number of cells Most of this 
mcrease occurs after the tlurd day of growth 

The chemical composition of the explants durmg 
growth changes m a regular fashion, and when 
expressed as the number of P and N atoms of the 
various fractions relative to atoms of DNAP, the 
results can be mterpreted as the changes m com 
position of the cells The general trend is a decrease 
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m the amounts of protemN, acid soluble P, lipid P, these components, however, show httle change m 
and RNAP relative to the DNAP, particularly after the later stages of growth, when the DNAP is still 
3 or 4 days of growth Tlie relative proportions of mcreasmg appreciably m the cultures as a whole 
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Phosphorus Compounds in the Cell Nucleus 

chetmMry Department, Qlaegow University) 

Isolated cell nuclei from rabbit liver, fowl ervthro 
cjdes and calf thymus have been submitted to the 
fractionation procedures of Schmidt & Thannhauser 
(1945) and of Schneider (1946) and to a combmation 
of these methods, neither of which is, by itself, 
altogether satisfactory The phosphorus content of 
each fraction was estimated The results for the 
nucleic acid fractions have been compared with 
figures from pentose and deoxypentose estimations 
by a number of different methods 

Cell nuclei contain acid soluble phosphate esters, 
phosphohpids (relatively abundant m erytlirocyte 
nuclei) deoxyribonucleic acid phosphorus (DNAP) 
and smaU amounts of nbonucleic acid phosphorus 
(RNAP), phosphoprotem phosphorus (PP), pro- 
tem bound phosphorus insoluble m acid and warm 
N NaOH (IP) and a protem bound phosphate ester 
(EP) 

With the aid of ®’P these compounds have been 
shown to be biologically distmct When the various 


Schmidt, G & Thannhauser, S J (1946) J biol Chem 
161, 83 

A^’endrely, R &, Vendrely, C (1048) Expenentia, 4, 
434 


By J N Davtdsok and W M MoIntdob {Bto- 

phosphorus fractions are separated from nuclei 
obtamed from animals which have received radio- 
phosphorus, the phosphobpid has a low specific 
activity, the DNAP is foimd to have a much lower 
specific activity than the RNAP, the EP has an 
actinty of mtermediate value, while IP and PP ha\ e 
very high activities, comparable with those for acid 
soluble phosphorus High actmty for phospho 
protem phosphorus m whole tissues has already been 
recorded (Davidson, Gardner, Hutchison, Mclndoe, 
Raymond & Shaw, 1949) 

Tlie amount of nucleic acid m 10-® /ig /nucleus 
has been found to be as follows 

DNA RNA 

Fowl erythrocyte nuclei 2 62 0 09 

Rabbit liver nuclei 7 23 0 70 

This IS m agreement with the results of Vendrely & 
Vendrely (1948) and of Musky & Ris (1949) 
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Stercobilin Formation in a Case of Congenital 

A Neubebgeb and P H A Snbath 

Tlie mvestigations with glycme labelled with i®N 
which have been reported (Gray & Neuberger, 1949) 
have b een further extended, especially by carrymg 
out a control experiment on a normal male The 
^'N content of the haemm m the porph 3 uic rises 
to a much greater value than m the normal The 
maximum, which is reached after about 12 days, 
13 followed by a marked drop The later part of the 
curv e appears to be normal, mdicatmg that the 
ma 3 ority of the red cells have a life span of about 
120 days 


Porphyria and in the Normal By C H Gbaa, 

It will be observed from Table 1 that even m 
the normal the stercobihn excreted durmg the first 
few days of the experiment contams a fauly high 
concentration of “N This findmg, which necessarily 
imphes that not aU the stercobihn can be derived 
from the breakdown of red cells of a normal life 
span, might be explamed by assummg that a very 
smaU number of cells die before they reach the 
cuoulation, or have an exceedingly short life span, 
what might be termed an ‘ infantde mortahty It is 
also possible that a fraction of the stercobihn arises 



PROCEEDINGS OF THE BIOCHEMICAL SOCIETY " 

contonl of Iho Btcrcobihn it» tho cnso of porpl^ m 
riPC-» The riPO is much less thnn \\oii (1 , 

from the foil m tho Imom >‘N, nntl coiifirm 

lablc 2 Ifoiii pcrcnilnqc >'^N of Klcrcobtlw 

til coiiqcmtal porphyria 


from the brcakdoiim of hnem proteins other tlmn 
haemoglohm, ^vhlch ma> ha^ o a rapid tumo% or rate 
m the body, or from mtcmicdiarj 
their precursors London, \Ycst, Shemm .L Rittcn 
berg (1948) ha^e also found a high “N content of 
atercobihn m the earlj penod in similar c\i>eriment s 

Table 1 -4/oiii percentage excess *‘N of slcrcobilin 
in normal male 


The “K content of 


hJ!:?m:^^rnm;r.:i(Gmr.Ncn^.rgcr 


1019) 


Days after 

Atom % 

feeding glycine 

excess '‘N 

1-4 

0 085 

6-8 

0 101 

9-12 

0-007 

13-10 

OOCS 

29-32 

0 018 

67-00 

0 018 


Tlie results obtamed from tho porphjTic (Table -) 
suggest that m this condition a certain proportion 
of the red cells ha\ e an o'x.cccdinglj’ short hfo span 
Such an assumption •would c'rplaiii tho rclatnolv 
high content of the liaemui and of tho stcrcobihu 
soon after the begvnnmg of tho c'lpcnmont 

There are higlily significant amounts of '‘N in tho 
stercobihn of the 30th to tho 80th dajs in both 
cases, but more m the porphjTic It is not vet clear 
■whether this is due to tho breakdown of a \crj 
small number of tlie labelled red cells, or whether 
it represents stercobihn derived from a second un 
known source Dimng the penod when the maj ority 
of labelled red cells are bemg destroyed, tho isotope 


Daj s after 
fmhng gb cine 
33-37 
3S-I2 
13-10 
SI -SO 
87-92 
03-99 
100-103 
100-112 
119-124 
123-131 
132-130 


Atom 
o'tccss 
0 108 
0 080 
0 080 
0 001 
0 004 
0 072 
0 070 
0 001 
0 072 
0 083 
0 091 


conclusion that onlj a small fraction of tho stereo 
bihn 18 den%cd from the breakdowm of rod cells 
of a nonnal life span Iho storcobilin from tho case 
of congenital porplnna has been shomi to bo 
identical w ith that of normal faeces b> olomontal 
analj'BiB, optical rotation and spectral absorption 

cur\ cs 

Wo wish to tlmnk Dr R Bentley for determining tho 
iBotopo concentrations 


Gray, C 
iIt 


H. i. Neuberger, A. (1949) 


references 

Biochem J 44, London, I , West, R , Shomm, R L Rittonborg, D (1948) 
Fed Proc 7, 109 


DEMONSTRATIONS 

Gup Plate Assay of Vitamin By W F J Guthbebtson and Joan T Lloyd 


Potency Calculator for Use -with Logarithmic Dose Response Curves By B Basil 


The Chemical Changes in Carbohydrates During Growth of the Pea {Ptsum sativum) By 
Mabjoby Eastham (mtroduced by R P Cook) {DepartmeM of Brochemmtry, UmveraUy College, 
Dundee) 


Sections of the pea durmg various stages of growth The soluble sugars have been studied by paper 
have been stamed usmg histoohemioal reagents to partition ohromatography 
demonstrate peotm, starch, cellulose and hgiun 
development 


Chemical Constituents of the Pea {Pisum sativum) By R P Cook and Mabgabet B Bbown 
{Department of Biochemistry, University College, Dundee) 


FORTHCORUNG PAPERS 


It 18 hoped to pubhsh the foUonmg papers m tlie neit issue of the Btochemtcal Journal 
The distribution of glycogen m the hvor of rabbits By A Nys, X Auhert and C be Dove 

Prosthetic groups of the cytoohromes present m Gori/nebaciertuni dipMhenac wth especial reference to cytochrome a 
By W A Rawijnson and J H Hat.e 

The oxidation of manganese by plant extracts m the presence of hydrogen peroxide By R H Kenten and 
P T G Mane 

The biochemistry of locusts I The carotenoids of the Uitegumont of two locust species (Locusia mtgratona mtgm 
tonoides RAP and ScJustocerai grcgana Forsk ) By T W Goodmtn and S Saisuioi 

Some observations on astaxanthm distribution m marme orustacea By T W Goodwin and S Sristjkii 

The mtermediary metabolism of the mammary gland 2 Respiration and acid production of mammary tissue 
during pregnancy. Jactation and involution in the fat By S J Folley and T E French 

Tryptophan and the biosynthesis of mcotmamido By P Pi.t.tn oer and M M Abdel Kader 

Some observations on the ammo acid distribution of collagen, clastin and reticular tissue fiom different sources By 
J H Bowes and R H Kenten 

A differential method for the detection of small differences m mobihty of colloids m electrophoresis By H Hooh 

Chromatographic studies on nucleic acids 1 A technique for the identification and estimation of punne and 
pynmidme bases, nucleosides and related substances By R Markham and J D SMirn 

Studies m vitamin A 

10 Vitamm Aj and retmenci m relation to photopic vision By S Ball and R A Morton 

11 Reactions of retmenci with ammo compounds ByS Ball, F D Collins, P D DALAnandR A Morton 

12 Whale hver oil analysis preparation of kitol esters By R H Babija and R A Morton 

13 The alleged formation of vitamm A from jS carotene treated with lodmated casern By H R Cama and 

T W Goodwin 

The pyruvate oxidase system m bram and the tnearboxyho acid cycle By R V CoxoN, C Liebecq and R A 
Peters 

Acceleration of bactenal glutamic decarboxylase and glutammose by cetrylmethylammomum bromide By D E 
Hughes 

Factors mfluenomg the polysacchande content of EscJtfnchia colt By S Daoley and E A Dawes 

Breakdown of the oxidized forms of coenzymes I and H by an enzyme fiom the central nervous system By H 
MoIlwain and R Rodnight 

Apparent vitamm C m the walnut {Juglans regia) By F Wokes and R Melvillb 

Chemical factors m the germination of spore bearmg aerobes 

1 The effect of yeast extract on the germmation of Bacillus aniftracts and its replacement by odenosme By 

G M Hills 

2 The effects of ammo acids on the germmation oi Bacillus anthracis, with some observations on the relation of 

optical form to biological activity By G M Hills 

Studies m vitamm A 14 The alleged mobilization of vit amin A by adrenahn By T W Goodwin and A A Wilson 





O 



*feepol as a 

laboratory aid 

- ^ 1, 


The UDDOrtance of TeejDol as a laboratory 
aid IS, perhaps, not so well-known as 
Its power of cleaning, which is already - 
widely estabhslied 

' Thh sodium higher alkyl sulphate — stable 
over a wide pH range — possesses 
valuable wetting properties, most useful m 
the dispersal of insoluble powders " - 
and pigments pnor to analysis, on the wet 
grading of stone aggregates m mtneralogical 
practice, in emulsification, in deternunation 
of speafic gravity and in the preparation 
of metallurgical spearaens. Many 
,other uses will bo apparent to the scientist 
’ m his own field. ' “ 

roller information on the many^uses of 
Tcepol as an aid to laboratory work 
_ _ are contained in Technical Information 
Sheet No 2T7, a copy of which will bo ' 
sent on request. 


Shell Chemicals 
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1 12, Strand, London, WC2 

Supplies of “ Teepol ” for laboratory 
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The British Drug Houses linuted 
® H H Laboratory Chemicals Group 
Poole, Dorset ' - 
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"BDH itanefartf Stains containing 
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DIRECTIONS TO CONTRIBUTORS 


Papers submitted for publication in the Biochemical Jour ml should be 
In the mterests of the Journal it wUl be necessary for the Editors to 

which does not satisfy this condition Special attention Is directed to p„tion 

concerning the preparation of the typescript Care in this matter \ i Toi^nal will be 

Typescripts which do not conform to the conventions of the Bwchemica 
returned to authors for revision 


Communications Papers subnutted for publication 
should be sent to Prof E J Kmg (Biochemical Journal), 
Bntish Postgraduate Sledical School, Ducane Road, London, 
W 12 Conunmucations respecting the purchase of ropnnts 
should be addressed to the University Press, Cambndgo 

General Submission of a paper to the Editorml Board 
mil be held to imply that it represents the results of onginal 
research not previously published, that it is not under 
consideration for pnbhcation elsewhere, and that if accepted 
for the Biochemtad Journal it will not bo published other 
wise m the same form, either m English or m any other 
language, mthout the consent of the Editonal Board 
Contnbutors who reside outside Great Bntam are re 
quested to nommate somebody m Great Britain who is 
w i l l i n g to correct the proofs of their papers Papers from 
such contnbutors should be accompamed by a statement 
of the number of reprints required 

Unless confusion would otherwise arise, contnbutors’ 
names should appear as imtials (but female authors may 
use one given name m full) and surnames only, mthout 
titles or sufSxes The name and address of the laboratory 
where the work was performed should be given Any 
necessary descnptive matenal regardmg the author, e g 
Beit Memonal Fellow, should appear m brackets after the 
author s name, or at the end of the paper, and not in the 
form of a footnote 

Typesonpts should carry an mdication of the name and 
address of the person to whom the proof of the paper is to be 
sent, and should give also a shortened version of the paper’s 
title, not exceeding forty five letters and spaces in length, 
suitable for a runmng title m the pubhshed pages of the work. 

Form of Papers Submitted for Publication The 
onus for preparing a paper in a form smtable for sending to 
press hes in the first place mth the author Authors should 


consult n current issue in order to make themselves famihar 
mth tho Biochemical Journal’s praotioo concerning typo 
graphical and other conventions, imo of 
iky out of tables, etc Attention to these and ot^detads 
(mentioned below) m tho propamtion of the t^esonpt 
before this is sent to the Editors mU shorten the time 
required for publication The need for undue amounts of 
oditonul revision caused by badly ""P* ^ 

lead to delay m publication for which the Editors cannot 
accept responsibihty Papers on specialized wpects of tto 
Bubieot should be presented m such n way as to make them 
intcWible, without unduo difficulty, to the ordinary ^^er 
of the Journal In any case sufficient mformation should 
be made available to permit repetition of the pubhshed 
work by any competent reader of the Journal , , , 

Papera intended for pubhcation should be a double 
spaced typing on sheets of uniform uze mth adequate 
margms ^op copies only should be submitted The paper 
shoffid be written m the English language uud^oulA in 
general, be divided mto the following parts 
paragraph, containing the reasons for pubhcation of the 
worl^M Experimental methods adopt^ mth ohemi^l 
papem the e^mmentol part will normaUy uppear towarfs 
th^d, but mth other types of pubhcation Metho^ should 
appear after Introduction, (c) Results these should be 
gf^ as concisely as possible, 

figures or tables Tables and figures lUus^tog the same 
dSa^ only rarely be permtted Rlustrative Protocols 
only should be moluded, (d) Disou^on it is desirable that 
the presentation of the results and the d^ousaon of their 
Bienfficance should be considered separately, (e) Sui^ary 
a brief self contamed summary, amountmg to not more 
than 3% of the length of the paper, should be moluded, 
the paragraphs of the summary should be numbe^, 
(f) References these should be given m the tert 
Barnett & Robmson (1942), (Culbertson & Thomas 1933) 

[p t o 



wheie a paper to be cited has more than two authors, the 
names of afl the authors should be given when reference is 
first made, eg (Osborne, Mendel & Iferry, 1919), sub 
sequent citations should appear thus (Osborne et al 1919) 
Where more than one paper by the same authors has 
appeared m one year the reference should be given as 
follows Osborne & Mendel (1914o), Osborne & Mendel 
(19145), or Osborne (So Mendel (1914o, 6), (Osborne & 
Mendel, 1914 o, 1916, Barnett &. Eobmson, 1942) 

References At the end of the paper references should 
be given m alphabetieal order aooordmg to the name of 
the first author of the pubhoation quoted, and should 
include the authors’ mitiMs, the title of the paper should 
not be included. Titles of journals should be abbreviated 
m accordance with the system used m the World Lwt of 
Scienlyfic Periodicals (1936 2nd ed Oxford Umversity 
Press) Examples of such abbreviations will be found m 
the current numbers of the Biochemical Journal and a useful 
hst has recently been published m the Journal of Physiology 
(1946, 104, 232) References to books and monographs 
should mclude the town of pubhcation and the name of 
the publisher, as well as the date of pubhcation and the 
number of the edition to which reference is made Thus 
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Doisy, E A , Somogyi, M & Shaffer, P A (1923) J btol 
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to the test The dimensions of the data, egg /lOO ml , 
should be given at the top of each column, and not repeated 
on each hne of the table Tables should not normally be 
mcluded m the body of the text, but should be typed on 
separate sheets Their approximate position m the text 
should be mdioated 

Chemical Formulae These should be written as far as 
possible on a smgle horizontal hne With morgamo sub 
stances, formulae may be used, particularly in the expen 
mental portion, at the discretion of the editors With salts 
it must be stated whether or not the anhydrous matenal 
is used, e g anhydrous CuSOj , or which of the different orys 
talhne forms is mdioated, e g OuSO^ 6HjO, CUSO4 HjO 

Description of Solutions Solutions of common acids and 
bases should always be expressed in terms of normality (n), 
and salts preferably m terms of molanty (m), e g n HCl, 
01 m NaHjPO^ Fractional concentrations should pro 
ferably be expressed m the decimal system, eg 0 26n HCl 
(not n/ 4 HCl) The term '%’ must be used m its correct 
sense,ie g /lOO g ofsolntion For ‘per cent by volume’, 1 e 
ml /lOO ml , the term ‘ % (v/v) ’ may be employed. To 
mdicate that a given weight of substance is oontamed m 
100 ml of solution, the term ‘ % (w/v) ’ (weight per volume) 
may be used 

Symbols and Abbreviations Authors should refer to 
eurrent numbers of the Biochemical Journal for information 
m this connexion With a few exceptions the symbols 
and abbreviations are those adopted by a committee of the 
Chemical, Faraday and Physical Societies m 1937 (see 
J chem 80c 1944, p 717) 'The chemical nomenclature 
adopted is that given m Principles of Abstracting (1948), 
London Bureau of Abstracts Much further information 
on nomenolature is given by Mitchell (1948) m British 
Chemical Nomenclature, London Arnold Speotrophoto- 
metno terms and symbols are those proposed by the Moiety 
of Pnbho Analysts and other Analytical Chemists (see The 
Analyst, 1942, 67, 164) The attention of authors is particu 
larly drawn to the followmg symbols m = (milh) = 10“* and 
fi = (micro) = 10“* Note also that ml (millihtres) should be 
employed instead of 0 0 , and yg (miorograms) instead of y 


Statist leal Treatment of Data In general it is not 
necessary to pubhsh the mdividual results of a number of 
similar experiments A statement of the number of in 
dividual results, their mean value, the standard error of the 
mean and the extreme range of values is usually sufiBoient 
Alternatively, it is often bettor, if possible, to mclude a 
brief frequency distribution 

A statement that a significant difference exists between 
the mean (or other) values of two groups of data should 
be accompamed by the probabihty denved from the test 
of significance apphed 


Illustrations Illustrations, which should be approxi 
mately twice the size of the finished block, should each be 
on a separate sheet, packed flat and bearmg the author’s 
name Diagrams should be m Indian ink and should be 
drawn on plam white paper, Bristol board, or famtly bine 
Imed paper Curves based on experimental data should 
carry clear mdications of the experimentally determmed 
pomts Letters, numbers, etc , should be written hghtly 
m pened On the back of each figure should be wntten 
the author’s name and the title of the paper Legends and 
captions should be typed separately from the illustrations, 
each on a separate sheet, and numbered corrospondmgly 
^th the relevant illustration Figures should be compre 
hensible without reference to the text 
Dnsmtable figures will be redrawn by the Press and 
the expense charged to the author 


^ould carrv headmgs desonbmg theu 
ntent and should be comprehensible without referenct 


Nomenclature of Micro-organisms Bmommol Latin 
names of micro organisms, the geneno name only with a 
capital, must be used m accordance with the International 
Rules of Nomenolature Bmommals should be underhned 
once (for italic) m the typesonpt A name must be given m 
f ull at the first mention m a paper, m subsequent mention 
the geneno name may be abbreviated, but the abbreviation 
must be unambiguous Single mitial letter abbreviations 
should, m general, be avoided (thus Staph aureus. Strep 
pyogenes not 8 aureus, 8 pyogenes) Scientific epithets or 
tnvial names are not underhned and should be without 
capitals _ 

Microfungi should be designated as m Ainsworth & Bisby s 
(1946) A Dictionary of the fungi, 2nd ed (Kew Impenal 
Mycoiogical Institute) 

Bacteria The Editonal Board prefers that the nomen 
olature of Bergey’a Manual of Determinative Bacteriology 
(1948), 6th ed (London BaiUiOre, Tmdall & Cox) should be 
followed Where authors wish, for good reasons, to use 
a name other than that m Bergey’s Manual, the name as m 
Bergey’s Manual should be inserted m brackets at the first 
full citation, thus Chromobacterium prodigiosum [Serratia 
marcescens) 

Reprints Where at least one author of a paper is a member 
of the Biochemical Society, twenty five reprmts are sup 
phed free of cost If the supply of paper permits, an author 
may purchase additional reprmts if he notifies the Press on 
the appropriate form immediately the proof of the paper is 
received, but only m exceptional circumstances will more 
than a total of 176 additional reprmts be supphed. 


CONTENTS OE VOLUME 45, No 1, 1949 

{All rights tescrved) 


A limited number of separatcB of tbcsc papers are ai ailablc Orders must bo addressed to ‘ Biochemical Separates’, 
H IL Leuis A Co Ltd , 13G Gou cr Street, London, W C 1, and must bo accompanied by a remittanco of 1 j 6c? , 
for each copy 

PAGE 

A comparative study of the succmio dehydrogenase cjtochromo sjstem in heart muscle and m kidney By 


E C Slates (With four figures) 1 

The action of inhibitors on tho sj’stcm of enzymes wluch catalj'so the aerobic oxidation of sucemate By 

E C Slater (With three figures) 8 

A respiratory catalyst required for the reduction of cytochromo c bj cy tocliromc b By E C Slater (With 

SIX figures) 14 

Nitrogen m human dental enamel By D J Anderson 31 

Interrelationship of certam vitamina of the B group in nncunn, riboflavin and biotin deficiencies By K 

Bhaovat and P Deit; 32 


The fractionation of weak electrolyte mixtures by lon-cxchange resins By C W Davies 

Direot transformation of funiarate to oxaloacctatc, w ithout mtcrmcdiate formation of malate, by Closlndiuin 
saccharobiitynciim, strain GR 4 By G Cohen Bazhie and G N Cohen 

The fate of certam orgamc acids and amides m tho rabbit 8 Toluic acids and amides By H G Bray, 
W V Thorpe and P B Wood 

Properties of the acid phosphatases of erythrocytes and of the human prostate gland By M A M Abdl 
Padl and E J King (With four figures) 

The micro and ultramicro detcrmmation of chlorine m opgamc compounds By J H Judah (With two 
figures) 

Studies m detoxication 26 The characterization of phenylglucuromdo, and its rate of hydrolysis compared 
mth that of phenylsulphunc acid By G A Gabton, D Robinson and R T Williaws (With two 
figures) 

Some effects of glucose and calcium upon the nietabohsm of kidney slices from adult and newborn rats By 
J R Robinson (With three figures) 


The estimation of tnchloroethylene m blood By F H Brain and P J Helltweie (With one figure) 
Vitamm P 3 By S S Zilva (With one figure) 

The micro-estimation and ongm of methylamme m Mercunalis perennia L By B T Cromwell 

The metabolism of the ammo sugars 1 The breakdown of N acetylglucosarmne by strains of Streptococcus 
naemolyttcua and other streptococci By H J Rogers (With three figures) 

The kumtics and specificities of deammation of mtrogenous compounds by X radiation By W M Dale, 
V Davies and C W Gilbert (With one figure) 

An mvestigation of the mtraceUiilar fluid of calf embryo muscle By A H Gordon (With one figure) 

Tho sfi^t of dietary oleic and palmitic acids on the composition and turnover rates of hver phosphohpms By 
tr Campbell, j Olley and M. Blewett (With three figures) 

NirooM°'' Rented by experimental unilateral kidney lesions 2 The effect of cyamde By T F 


38 

41 

46 

61 

60 

66 

68 

76 

79 

84 

87 

93 

99 

105 

112 


[P T O ] 



CONTENTS 


Proceedings of the Biochemical Society 

PAGE 

Separation of the vanous pemoiUins by partition ohromatography By F Dobson and S W Stbottd i 

Acetic acid in bovine peripheral blood and its utilization by the mammary gland. By G L MoCltmont i 

Microbiological assay of growth factors essential for Lactobacillus Icichrmnii 313 and Leuconostoc citrovorum 

By K A Lees and W B Eiieet u 

The influence of dietary protem levels on experimental hver mjury m dogs By C J Baedawhx and A. Q 


Goenall lU 

The conversion of acetate to glyome m the rat By H R V Aenstetn and A Netjbeegee m 

Studies on porphyrm metabolism m the rabbit By J S F Niven and A Neitbeegee - iv 

Effects of electrolytes on the molecular weight of tropomyosm By G S Adaie, K Baxley and T C Tsao t 

Separation of N 2 4-duutrophenyl derivatives of the methyl esters of ammo acids by adsorption ohromato 

graphy By A G Low thee and W S Reith (Reich) vi 


INDEX OF AUTHORS 


Abul Fadl, MAM. 

page 

61 

Adair, G S , 

V 

Anderson, D J 

31 

Amstem, H R V 

m 

Bailey, K 

V 

BardawiU, C J 

in 

Bhagvat, K 

32 

Blewett, M 

106 

Bram, F H 

76 

Bray, H G 

46 

Campbell, I G 

106 

Cohen, G N 

41 

Cohen Bazire, G 

41 

Cromwell, B T 

84 

Dale, W hL 

106 

Davies, C W 

38 

Davies, J V 

93 

Devi, P 

32 

Dobson, F 

1 

Emery, W B 

u 

Garton, G A 

66 

Gilbert, C W 

93 

Gordon, A H 

99 

Gomall, A G 

m 

HelhweU, P J 

76 


Judah, J D 

PAGE 

60 

King, E J 

61 

Laser, H 

74 

Lees, K A 

u 

Lowther, A G 

VI 

McClymont, G L 

1 

Neuberger, A 

m, IV 

Nicholson, T F 

112 

Niven, J S F 

IV 

OUey, J 

106 

Reith (Reich), W S 

Vl 

Robmson, D 

66 

Robmson, J R 

68 

Rogers, H. J 

87 

Rothschild, Lord 

74 

Slater, E C 

1, 8, 14 

Stroud, S W 

1 

Tboipe, W V 

46 

Tsao, T C 

V 

Wflliams, R T 

65 

Wood, P B 

46 

Zdva, S S 

79 



1 


A Comparative Study of the Succinic Dehydrogenase-Cytochrome 
System m Heart Muscle and m Kidney 


By E C SLATER (British Council Scholar), The Moltcno Instiiiite, University of Cambridge 

{Received 22 October 1048) 


Most of our knowledge concerning the components 
of the S 3 'stem of enzymes which catalyses the aerobic 
oxidation of sucemate has been gamed from studies 
of this system m enz 3 rme preparations ohtamed from 
heart muscle Smee, mrecent years, ladnej has been 
used by many workers as the source of the succmic 
oxidase system, it seemed desirable to make a com 
parative study of this enzjrme system m kidnej and 
heart muscle Such a comparison seemed eapeciall 3 '’ 
necessary m view of the statement of Kedm <L 
Hartree (1940) that kidney (as well as hver and other 
organs) does not contam a normal cytochrome 6, 
which IS an essential component of the succmic 
oxidase system m heart muscle 

This paper describes a study of the succmic 
oxidase system m the two tissues, usmg both mano 
metnc and spectroscopic methods A prelimmary 
account of some of these findmgs has appeared else 
where (Slater, 1948) 

JIETHODS 
Rnzyme preparations 

Heart-mwsdt preparation This was prepared from horse 
heart according to the method of Kedm & Hartree (1947) 
Mmced heart (330 g ) was thoroughly washed by stirrmg 
with about 6 1 tap water for about 16 mm The mmee was 
collected on mushu, squeezed hard to remove water, and 
this process repeated about 8 times untd the wash hquor 
was colourless The washed muscle was then ground m 
a meohamcal mortar with 100 g sand (acid washed) and 
600 ml. 0 02 m phosphate buffer, pH 7 3, for 2 hr The thick 
suspension was dduted with 200 ml 0 02 M phosphate buffer 
and centrifuged for 20 mm at 2000 rev /mm The super 
natant cloudy solution was cooled to 0-5° and brought to 
pH 5 7 with N acetic acid The precipitate was immediately 
collected by centnfugmg m the cold at 2000 rev /mm for 

15 mm ,thesupematantdisoarded,andtheresiduesuBpended 

m an equal volume of 0 1m phosphate buffer, pH 7 3 The 
pH of this preparation was 7 1 

The vanation m the activity of different preparations was 
qmte small the Qqj of the succmic oxidase system for 
twenty one preparations varied betiveen 307 and 740, but 
vas usuaUy between 660 and 700, when fresh heart was ^ised 
Kedm Hartree (1938) rntrodpeed the step mvolvmg 
precipitation with acid for two reasons, viz (1) to con 
Mutrate the preparation m order to make it more smtable 
tor s^troBcopic purposes and (2) to remove the last traces 
01 soluble substances such us cozymase, which mhibits the 
oxidation of sucemate by heart muscle preparation (Kedm 
Biocbem 1949, 46 


Hartree, 1940), and myoglobm, which interferes with the 
spectroscopic observations of the cytochromes In the present 
stijdv it was foimd that the precipitation -with acid mcreased 
the enzymic activity of tho ongmal phosphate extract by 
60%, probably due to tho removal of proteins which are 
BoUiblo at pH 6 7, ns well ns to removal of inhibitors 
Activities about 20% higher than those obtamed by 
the Kedm L Hartree (1947) method were obtamed by 
ceptnfuging tho neutral phosphate extract at high speed 
(13,000 rev /mm ), instead of acidifymg The activities of 
the succmic dehydrogenase, the cytochrome oxidase and of 
the complete succmic oxidase system were oU mcreased to 
abont tho same degree Probably this difference between 
tho activities obtamed by tho two methods is due to protem 
winch 18 soluble at pH 7 3, but precipitated at pH 6 7 The 
amount of this protem wdl depend, to a certam extent, on 
the thoroughness of tho prehmmniy washmg of the heart- 
miiscle mince 

Tho succmic oxidase system is distmotly unstable at 
pH 6 7 at room temperature, and it is important to carry out 
the procipitotion and subsequent centrifugation at below 
6° Smee the succmic oxidase system is much more unstable 
to acid than the succmic dehyi'ogenase or the cytochrome 
oxidase (Kedm & Hartree, 1940), the findmg that the 
relative activities of the succmic oxidase system m the two 
preparations, obtamed by high speed centrifugation and 
acidification respectively, ore approximately the same os 
the relative activities of succmio dehydrogenase and cyto 
chrome oxidase shows that acidification at low temperature 
does not cause any mactivation of the succmic oxidase 
system It was found that the heart-muscle preparation 
could be precipitated a second time at pH 6 7 at 6°, washed 
with cold water and resuspended m phosphate buffer without 
loss of activity, but a further precipitation caused a con 
Biderable loss of activity This is probably due to a physical 
effect on the macromolecular particles, smee the mactivation 
can be reversed by treatment with various protem pre 
parations (Stem & Mehuck, 1939, Kedm L Hartree, 1949) 
Precipitation at pH 4 6 at room temperature, as used by 
some authors (e g Ogston L Green, 1936), is certam to lead 
to considerable mactivation 

Kidney preparation Pieces of horse kidney cortex about 
1 X 1 X J m were treated m a Warmg blender with 0 02m 
phosphate buffer for about 6 mm The mixture was centn 
fhged for 20 mm. at 2000 rev /mm , and the cloudy red 
supernatant centnfaged at 12,000 rev /mm. for 30 min m 
a ServaU angle centrifuge The supernatant was discarded 
and the residue washed twice with water, centnfugmg for 
30 min at 12,000 rev /mm. after each washmg The residue 
was suspended m an equal volume of 0 1 m phosphate 
buffer pH 7 3 

Both the hearVmuscle and kidney preparations used m 
the preaenti nvestigation contamed a considerable amount 
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of fat, VIZ 30% m the heart muscle preparation (cf Stem, 
1939) and 20 % in the kidney preparation 

Cytochrome c The oytoohrome c, ■which ■was prepared by 
the method of Kedin & Haitree (1946), contamed 0 34% Fe 
The concentration of oytoohrome c in the solution was 
determmed speotrophotometncally, usmg a Hilger Nutting 
speotrophotometer 

Measurement of enzyme actvmites 

All measurements of enzyme aotivities were made m 
Baroroft differential manometers at 37-39° Phosphate 
buffer, pH 7 3, was used m aU methods All activities ate 
expressed as Qo, (pl 0,/nig fat-free dry ■wt [hi ) 

Succinic oxidase system The activity of the complete 
sucouno oxidase system was measured in the presence of 
excess cytochrome c To 0 2 ml of a heart-muscle prepara 
tion, diluted fivefold with 0 ISir phosphate buffer, were 
added 2 7 ml 0 18m phosphate buffer and 0 2 ml 11% 
cytochrome c, after temperature equihbration, 0 2 ml. 
0 Na succinate was added by dislodging a dangling tube 

The equihbration was earned out for not longer than 20 mm 
and at a low rate of shaking, smoe rapid shaking for long 
penods caused considerable maotivation of the sucemic 
oxidase system (20% after 1 hr ) and of oytoohrome oxidase, 
■with httle effect on the sucemic dehydrogenase The activity 
of the kidney preparation was measured m the same way, 
except that 1 7 mb of the phosphate buffer and 1 0 ml ■water 
were used. Fmal concentrations were phosphate, 0 16m m 
the case of the heart-muscle preparation and 0 10m m the 
case of the kidney preparation, succinate, O 024m, cyto 
chrome e, 4 x 10 "®m The Oj uptake between 6 and 16 mm 
after adding the succinate •was used as the measure of the 
activity of the succinic oxidase system This rate is about 
6% less than the initial rate (obt^ed by extrapolation) 
Succinic dehydrogenase To 0-2 ml of on enzyme pro 
paration, diluted fivefold with 0 18m phosphate buffer, were 
added 2 3 ml (heart muscle) or 1 7 ml (kidney) 0 18 m phos 
phate buffer, 0 3 mb 0 01m methylene blue and 0 3 mb 
0 1m KCN (neutralized) In the case of the kidney pro 
paration, 0 8 ml water was also added After temperature 
equihbration, 0 2 ml 0 4m Na suconate was added by 
dislodgmg a dangling tube Fmal concentrations were 
pho3phate,0 16M(lieartmusole)or0 10M(kidney),suocmate, 
0 024m, methylene blue, 0 0009m, cyamde, 0 009m The 0, 
uptake between 6 and 16 mm , or between 6 and 26 mm., 
after the addition of sucemate was used as the measure of 
sucomic dehydrogenase activity (the rate of 0, uptake was 
practically constant for 16 mm after the addition of 
sucemate) 

Cytochrome oxidase was determmed by the method de 
scribed m another paper (Slater, 1949 o) 

Determination of concentrations of haematin 
compounds 

Total protohaematin The total protohaematm content was 
determmed by matchmg, with a low dispersion micro 
spectroscope, the mtensity of the 648-600 m^i, band obtamed 
bj addmg pyndme and reduemg agent 'with that of the 
551—560 mp band of pyridine protohaemochromogen ob 
tamed m the same way from pure protohaemm When 
pyndme (0 25 vob) and Na-S.O^ were added to the heart- 
muscle preparation it turned pink m colour and the bandsof 
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oytoohrome c (648-562 mp.) and oytoohrome & (662-660 mp.) 
■were replaced by a broad band at 648-660 mp. (of Keihn, 
1926) It was found that the addition of pyndme and 
Na^,0« to oytoohrome c did not alter its absorption 
spectrum (This may be because cytochrome c, which is 
unusually stable, does not form a pyndme haemochromogen 
under these conditions In any case, however, the position 
and probably the mtensity of the band would not be altered 
smoe Hill & Keilm (1930) found that the haematm of cyto 
chrome c gave a pyndme haemochromogen with bands m the 
same position as cytochrome c ) The short ■wave length 
margm of the broad band is therefore denved from cyto 
chrome c The longer wave length portion of this band is due 
to pyndme protohaemochromogen, denved from protohae 
matm compounds present m the heart-muscle preparation 
A mixture of pure oytoohrome c and pyndme haemochro 
mogen from pure haemm m the same concentrations as 
foundm heart-muscle preparation gave a band at 648-660 mp. 
mdistmgmshable from that given by heart muscle The value 
obtamed for the total protohaematm content is probably 
slightly high, smee the cytochrome c present m the heart- 
muscle preparation ■will show some absorption m the middle 
of the 651-660 mp band, but the error is qmte small 
especially m the case of the kidney preparation, smee the 
total protohaematm content of both preparations is much 
higher than that of c 5 ftoohrome c 

Cytochrome c The cytochrome c content ■was determmed 
by direct companson of the mtensity of the 648-552 mp 
band obtamed by addmg NasS ,04 to heart-muscle pre 
paration -with the band obtained from pure cytochrome c, 
standardized speotrophotometncally Tins value also may 
be a httle high, o^wmg to the probabihty of absorption of 
cytochrome 6 at this wave length However, it appears that 
tins error is not very senons, smoe treatment of the pre 
paration -with ascorbic acid under anaerobic conditions, 
which causes the appearance of the c band only, gave 
essentially the same results 

Cytochrome b The figures for the oytoohrome 6 content are 
much less certam than the other values, smee pure cyto- 
chrome b IS not a'vailable for companson. The figure for the 
heart-muscle preparation ■was calculated m the followmg 
■way The mtensity of the 6 band was considered to be about 
20% less than that of the c band, it was assumed* that the 
absorption coefficient of cytochrome b is the some as that of 
cytochrome c, smee both are haemoohromogens ofvery similar 
haems The cytochrome 5 content oftheheart-musole prepara 
taon^was th erefore 80 % of the cytochrome c content In kidney 
preparation the two bands were of about equal mtensity 

Cytochrome o+Oj content The relative cytochrome a-t-a, 
content was determmed by comparing the mtensities of the 
band at 603-607 mp , this is mamly due to cvtochrome a, 
but the relative concentration of o and a, appears to be 
constant (Keihn A Hartree, 1939) 

Weight of the fat free dried enzyme preparation 

Enzvme preparation (1 ml ) was diluted ■with 6 ml 
water m a weighed centrifuge tube, and 1 ml 20% tn 
chloroacetic acid added The flocculent precipitate was 


• The ■vahdity of this assumption is supported by the 
findin g of Bach, Dixon A Zerfas (1946) that the absorption 
coefficient of the a band of cytochrome 6. is of the same order 
03 that of cvtochrome c 
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collected by centnfagation, the supernatant siphoned off 
and the residue washed by centrifugation, once with 6 ml 
60 % ethanel and once with 6 mL 90 % ethanol The residue 
was dried to constant weight at 100° 

RESULTS 


Concentration of methylene blue Methylene blue 
18 a % erji' sluggish comer compared with the cyto 
clirome system Tlie activity of the succmio de 
hj drogenose was mcreased by mcreasmg the 
methylene blue concentration throughout the range 
shown in Fig 2 Howe\ er, it was decided to Imut 


Examination of the methods of measuring the 
activities of succinic dehydrogenase and of the 
succinic oxidase system 

Substrate concentration The effect of substrate 
concentration on the activity of the succimc oxidase 
system and of succmic dehydrogenase m the heart 
musolepreparationisshownmFig 1 Highsuccinate 
concentrations cause a defimte mlnbition of the 
complete system but not of succimc dehydrogenase 
This suggests that the inhibitory effect of high 
succinate concentrations on the succmic oxidase 
system previously reported by several mvestigators 
IS not due to a specific action of sucemate, but is 
a salt effect Other salts, for example phosphate 
buffer, bave the same action on the complete system, 
with httle effect on the succmic dehydrogenase 



Fig 1 Tbe effect of coneentration of sodium sucomate on 
the activity of the succmio oxidase system (curve A) and 
of succmio dehydrogenase (curve B) m heart-muscle pre 
potion (0 04 ml ) Curve A, phosphate, 0 16m, oyto- 
chrome c, 4 x 10-'m Curve B, phosphate, 0 16m, 
methylene blue, 0 0009 m, cyamde, 0 009 m (Different en 
zymo preparations were used for the measurements of the 
succmio oxidase system and of succmio dehydrogenase ) 


(Keilm & Hartree, 1949 , Slater, 1949 b) The optun 
sucemate concentration is about 0 02m for bol 
^ccmic dehydrogenase and the complete systei 
Tim IS a httle lower than the optimum found 1 
Sclineider & Potter (1943), mmg a different type 
preparation (kidney homogenate) The findmg 
o * Gneg (1938) that the optimal sucema 
concmtration IS less for the reaction with methylei 
blue than with oxygen is not supported by Fig 1 


200 
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Fig 2 The effect of concentration of methylene blue on the 
activity of succmio dehydrogonase m heart-muscle pre 
paration, sucemate, 0 024 m, cyamde, 0 009 m, phosphate, 
0 16m, 0 04 mb heart-muscle preparation. 



the methylene blue concentration to 0 0009m, even 
though this concentration was far below the opt imum , 
to avoid the toxic action of methylene blue on the 
enzyme The presence of 0 01m cyamde, added to 
prevent oxidation through the cytochrome system, 
inhibits the rate of reduction of methylene blue by 
sucemate For these reasons the absolute values of the 
succmic dehydrogenase activity determmed by the 
method described have no significance and cannot be 
compared with the activity of the complete system 
This IB the explanation of the apparent anomaly that 
the activity of the complete system m a carefully 
prepared heart muscle preparation is always greater 
than that of succmio dehydrogenase, which is an 
essential constituent of the complete system The 
method described IS, however, smtable for comparing 
succmic dehydrogenase activities, if measurements 
are always carried out m the same way 

OytoeJirome c concentration The effect of the con- 
centration of added cytochrome c on the activity of 
the complete succmic oxidase system m the heart 
muscle and kidney preparations is shown m Fig 3 
With both preparations, 4x10“®m added cyto 
chrome c was sufficient for practically optimal 
activity 

1 2 
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Enzyme concentration The effect of enzyme con 
centration on the succuuc oxidase and succinic de 
hydrogenase activities is shown in Fig 4 Under the 
conditions of the expemnents, a straight line, which 



Fig 3 The effect of concentration of added oytoohrome c on 
the activity of the sucomio oxidase system m heart- 
muscle preparation (curve A) and kidney preparation 
(curve B), sucomate, 0 024m, phosphate, 0 16m (heart 
muscle) and 0 10 m (kidney) , 0 04 ml enzyme preparation 



Fig 4 The effect of concentration of heart-muscle pre 
paration on the rate of oxidation of succmate m phosphate 
buffer (0 16 m) alone (curve ^), m the presence of 4 x 10 ~‘’m 
added cytochrome c (curve E), and m the presence of 
potassium cyamde (0 009 m) and 0 0009 m methylene blue 
(curve O) Succmate (m all cases), 0 024m 

did not pass through the ongm, was obtained up to 
a concentration of 0 04 ml heart muscle preparation 
per flask (total flmd volume = 3 3 ml ) There was 
a shght falling away from this straight hne at higher 
concentrations 

Phosphate concentration The concentration of 
phosphate buffer has a marked effect on the activities 
of the succmic oxidase sj'stem (Keihn & Hartree, 
1949, Slater, 19496) and of the cytochrome oxidase 
(Quinlan-Watson& Dewey, 1948, Slater, 1949a),but 
has httle influence on the succmic dehydrogenase 
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(Slater, 19496) The concentrations of phosphate 
buffer given m the above methods are approximately 
optimal for the enzyme concerned 

Cytochrome system in kidney preparation 
Kidney cannot be washed free from haemoglobm 
m the same way as heart muscle, smce mmced 
kidney is readily dispersed merely by washing in 
water Accordmgly, Kedm & Hartree (1940) used 
sucli a dispersion of kidney as the startmg material 
for their preparation, and removed the haemoglobm 
and other soluble substances by precipitatmg at 
pH 6 6 It should be noted that, m this case, the acid 
precipitation was used to remove aU the soluble sub 
stances which could be removed m this manner , m 
the case of the heart muscle, this treatment is used 
only to remove the last traces of soluble substances 
which survive the exhaustive prehmmary washmg 
of the mmced heart muscle As smtable apparatus 
was available, it was decided to use a different 
method from that used by Keilm & Hartree (1940) 
for preparmg the enzyme solution The kidney was 
dispersed m a Wanng blender, and the resultant 
strongly coloured dispersion was freed from soluble 
substances by centrifugation at high speed and 
washmg the residue with water The method is 
described m detail on p 1 
The preparation showed a very famt band at 
680 m/1 , probably due to traces of residual haemo 
globm On adding succmate, a spectrum essentially 
the same as that obtamed with heart muscle was 
observed, but with the followmg differences (1) aU 
bands, but particularly the 6 and c, were considerably 
weaker (see p 6), (2) the 6 band was at 660 mp , 
compared with 664 mp m the case of the heart- 
muscle preparation As 18 the case with heart muscle 
preparation, the bands disappeared on shakmg with 
air, but reappeared much more slowly than m heart 
muscle when the shakmg was stopped This shows 
that the succmic dehydrogenase activity relative to 
that of cytochrome oxidase was considerably lower 
m the kidney preparation, a conclusion wluch was 
confirmed by manometno experiments (see p 6) 
Wlien NajSjOj was used instead of succmate, the 
a band was the same as before, but a strong shading 
appeared between the 6 and c bemds, giving the 
appearance of a single diffuse band with two maxima 
Thus the kidney preparation contains a substance 
which gives with NajSaO^ , but not with succmate, 
a band at about 660-660 rap , this may be denatured 
pro tern haemochromogen At the temperature of 
hqmd air, a kidnej'’ preparation diluted fivefold and 
treated with NajSjOj showed two absorption bands, 
a strong band at 656—559 mp and a weaker band 
at 647—549 mp It seems that at the temperature 
of hqmd air the band due to cytochrome c shifts 
towards the blue end of the spectrum, while the 
660-560 mn band is narrowed and mtensified and 
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fuses ■with that of cytochrome h, ■which also moves 
towards the short "wa^ve length 

Pyridme and Na.S 204 gave a spectrum essentially 
the same as that obtamed ■with heart muscle pre 
paration, inz an mtense band at 648-660 m^ and 
a weaker band at 680-590 m^ The hand at 648- 
660 mfi ■was as mtense as ■with heart muscle, while 
the 580-690 m^i band was much weaker At the 
temperature of hqmd air, the former band was 
mtensified and sharpened (560-664 mji ) 

Cytochromes h and c can be readily differentiated 
by makmg use of the foUowmg properties ( 1 ) qumol, 
p phenylenediamme and ascorbic acid reduce cyto 
chromes c and o only, not cytoclirome h (a very famt 
b band appears with ascorbic acid, but only after 
standmg for about 30 min ) , (2) when succmate and 
phenylurethane are added to the enzyune preparation 
and the mix ture shaken ■with air, the h band alone 
is nsible (cf Keihn, 1926, Keihn & Hartree, 1940) 
The heart-muscle and kidney preparations behaved 
m the same ■way, as regards these reactions Thus, 
kidney con^tains both cytochromes h and c which 
appear to have essentially the same properties as m 
heart muscle The only quahtative difference is that 
the cytochrome h band occupies a ahghtly different 
position 


Keihn & Hartree (1940) found that, m kidney 
preparations, the usual cytochrome b and c bandi 
were replaced by a smgle ■wider band (■with centre a 
), which was considered to be the same as thai 
^cytochrome found m certam imcro organisms 
The present work shows, however, that these obsen^a 
tions of Keihn & Hartree (1940) can be esplamed by 
the presence of a compound reducible by NajS,0. 
■which masks the bands of cytochromes b and c, amct 
thtae authors used Na.S.O^, not sodium succinate 
as the reducing agent H, as is probable, this com 
poun IS denatured protein heieniochronioeen, i1 
would be expected that Keihn & Hartree’s (1940' 
preparation, obtamed by acid precipitation, would 
contem more of this compound than the preparatior 
^ed m the present mvestigation , consequently, the 
Wo maxima wluch were observed even witl 
temperature m the present study 
Ki masked and only one band be 

isible The spectrum obtamed with NajSaO. at the 
temperature of hqmd aw was approximately the 
same as that descnbed by Keihn & Hartree (f940) 

tWealr^l position ol 

obLmS m r 648 m^ 

be , I ® Tins difference could 

stroMpr^ ^''® mlatively greater mtensity of the 

^rm^er band m the Keihn & Hartree (1940) pre 

band P^nT I ^ P®«tmn of a weah 

“ 1? ‘ ““8 ‘“I “ ‘I-. a«. 

U af! ? ^ Hartree’s argument 

t. smce at the temperature of hqmd air tSand 


of pure cytoclirome c sliifts to 647 mp , the kidney 
preparation contains no cytochrome c 


Comparison of the succinic dehydrogenase cytochrome 
system in heart and kidney preparations 
In Table 1 are compared the actmties m heart- 
muscle and kidney preparations of the complete 
succmio oxidase system and of its component parts, 
the succmic dehy^drogenase and cytochrome oxidase. 


Table 1 Relative enzyme activities and concentrations 
of hacmatin compounds in heart muscle and kidney 
preparations 


(All activities are basedonfat-freediy weight Themethods 
of detorrmnmg snccimc oxidase, succmic dehydrogenase and 
cytochrome oxidase activities and the amounts of cyto 
chrome c, cytochrome b, cytochrome a + 0 , and total proto 
haematm compounds are described under ‘Methods’ The 
amount of catalase was determmed by comparing the rate 
of evolution of Oj when HjOj was added to a smtably diluted 
heart-muscle or kidney preparation with that obtamed, under 
the same conditions, by adding H,0, to the same enzyme 
preparation to which a small amount of a solution of pure 
catalase ■was added. The concentration of catalase m the 
latter solution was determmed hy comparing the mtensity of 
the pymdme haemochromogen band with that obtamed from 
crystalhne haemm.) Ratio 

heart- 


Sucomio oxidase (Qoj) 

Succmio dehydrogenase (Co,) 
Cytochrome ondase (Co,) 
Ptotohoematm (gmol /g ) 
Cytochrome c (fimol /g ) 
C^rtochrome 6 (/unol haematm/g ) 
Catalase (pmol haematm/g ) 
Cytochrome o + o, (arbitrary umts) 


Heart 


muscle 

muscle Kidney kidney 

625 

200 

3 1 

240 

67 

36 

3200 

1380 

23 

1 8 

18 

10 

08 

0 27 

30 

064 

0-27 

24 

0 002 

0 034 

0 05 

1 

064 

19 


EUld also of the amounts of the cytochromes and 
protoliaematm compounds It should be noted that 
the actual figures for the succimo dehydrogenase 
activity have no absolute significance, and can be 
compared only ■with one another, not ■with the 
succmic oxidase and cytochrome oxidase acti^vities 
The cytochrome oxidase actmty can, however, be 
compared ■with the activuty of the complete succmic 
oxidase system The activities of the succmic de 
hydrogenase and of the complete succmic oxidase 
system are about three tunes as high m the heart- 
muscle as m the kidney preparation, and this ratio is 
similar to the relative mtensities of the cytochrome 
6 band This agrees ■with the usual findmg that cyto- 
chrome b is closely associated ■with succmic dehydro- 
genase The heart muscle prepEiration has about 
twice the cytochrome oxidase actmty of the kidney 
preparation and also about twice the content of 
cytoclirome a -f a, , which agrees -with the findmg of 
Kefim & Hartree (1939) that there is a fairly close 
correlation between the cytochrome oxidase actmty 
and the mtensity of the a -t- a, band 
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It has been mentioned above that the figure given 
for the protohaematm content does not mclude more 
than a small fraction of the cytochrome c It does 
probably mclude the cytochrome b, but the amoimt 
of this component is qmte insufficient to account for 
the mtensity of the pyndme haemochromogen band 
Thus, the total protohaematm content of the heart- 
muscle preparation is nearly three tunes that of 
cytochrome b, while the correspondmg ratio for the 
kidney preparation is nearly seven It is mterestmg 
that, although the heart muscle preparation is much 
richer than the kidney m the cytochromes, both 
contam about the same concentration of proto 
haematm compoimds These fig ures show that both 
enzyme preparations contam considerable amounts 
of a haematm compound (or compounds), whose 
spectrum is not %'isible either before or after the 
addition of ISTajSEO^ Onesuchcompoundis catalase, 
but the amount of this enzyme is insufficient to 
account for more than a very small fraction of the 
discrepancy between the cytochrome 6 and the total 
protohaematm content The kidney preparation 
contains traces of haemoglobm and some denatured 
haematm compounds, but insufficient m amount to 
account for the sixfold discrepancy m that pre- 
paration Certainly, such compounds are not 
responsible for the discrepancy m the heart muscle 
preparation, smce a carefully made heart muscle 
preparation shows no signs of haemoglobm or 
denatured protem compounds 

It IS concluded, therefore, that these preparations 
contam umdentified heiematm compounds (or one 
compound) The fact that the spectra of these com- 
pounds are not usually visible m the concentrations 
m which they are normally foimd m these prepara 
tions suggests that they are not haemochromogens 
like cytochrome, but resemble compounds of the 
type of methaemoglobm, catalase or peroxidase, 
which show only weak absorption bands m either 
the oxidized or reduced states That tissues contam 
ahaematm compoundm addition to the cytochromes 
(or even m its absence) was deduced by Keihn (1926, 
1929) many years ago on the basis of the great 
mcrease m the mtensity of the absorption band on 
the addition of pyndme and reducing agent to many 
tissues At first, Keilm beheved that the compound 
was free haematm itself, but he emd Hartree 
(Keilm (So Hartree, 1947) have recently shown that 
haematm is a strong inhibitor of succmic dehydro- 
genase m low concentrations and have concluded 
that ‘not only the cytochrome compounds, cata- 
lase and peroxidase, but all other forms of mtra- 
cellular haematm exist as compounds with protems ’ 
(see also Ke ilm Hartree, 1949) The nature 
of these haematm compounds must await further 
mvestigation There is evidence (Slater, 1949c) 
that at least a part of this haematm fraction is 
probably concerned, like the cytochromes, m the 
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transfer of electrons from substrate to molecular 
oxygen 

The pomt has been mode above that the cyto 
clirome system of kidney preparation does not differ 
m any important respect from that of the heart 
muscle preparation Similarly, it seems that there 
are only min or differences m the succmic oxidase 
systems Itisshownmanotherpaper (Slater, 1949c), 
that both tissues require a factor for the reduction 
of cytochrome c by cytochrome b One pomt of 
difference between heart muscle and kidney pre 
parations is that the endogenous cytochrome c of the 
kidney preparation is relatively less active than that 
m the heart muscle preparation Thus, Fig 3 shows 
that the addition of 6 x cytochrome c to the 

heart muscle preparation mcreased the activity by 
about 60 % (this is a greater mcrease than found with 
most heart muscle preparations , the usual mcrease 
IS only about 20-30 %), while the same amount of 
cytochrome c had a much greater effect on the 
kidney preparation, whose activity was mcreased 
about 300 % It IS important to note that the con 
centration of cytochrome c necessary for maximmn 
activity (4 x 10 “^m) is very much higher than that 
actually present m the heart muscle preparation 
In fact, the amoimt of cytochrome c added to the 
manometnc fiask to give tins concentration was 
3 3 mg , while the total weight of the heart muscle 
preparation was usually only 1 2 mg This illustrates 
the pomt already made by Keihn (1930) and Keihn 
& i^rtree (1946, 1949) that added cytochrome c is 
very much less effective catalytically than the cyto 
chrome c present m the heart muscle preparation, 
where it is presumably attached to the particles m 
such a way that it is more readily accessible to the 
remamder of the system Tins question is also 
discussed m another paper (Slater, 1949o) 


Succinic dehydrogenase and cytochrome b 


Tlie suggestion has been made by Bach etal (1946) 
and by Ball, Anfinsen & Cooper (1947) that cyto 
chrome h and succmic dehydrogenase are identical 
To avoid confusion, it is necessary to distmguish 
between two meanmgs which are given to the term 


‘ succmic dehydrogenase ’ Strictly speaking, succmic 
dehydrogenase means the enzyme which is specifically 
concerned m the activation of succmate , however, it 


is often used to refer to that part of the succmic 
system which is concerned m the catalysis of the 
reduction of methylene blue by succmate The 
following experiment was earned out to test the 
possibihty that cytochrome b is part of succmic 
dehydrogenase, m this latter sense 

A heart-muscle preparation (2 ml ) was placed m 
the mam compartment of a modified Thunberg tube, 
with a side arm (desenbed by Keilm <fe Hartree, 
1947), 0 1 ml 0 003M-sodium succmate was placed 
m the side arm, and 0 3 ml 0 001 Ji methylene blue 
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m the hollow stopper After evacuation, the succinate 
was added to the heart muscle and the spectrum 
observed with a low dispersion microspectroscope 
The spectrum was the same as that obtained with 
a higher concentration of succmate except that the 
6 band was a httle weaker On addmg the methylene 
blue, the h band immediately almost completely 
disappeared wlule the c and a + bands remamed 
visible The methylene blue was only partially 
reduced, but its spectrum did not senouslj' obscure 
that of the cytochromes When 2 6 diclilorophenol- 
mdophenol was used instead of methylene blue, the 
dye was immediately decolorized and the h band im- 
mediately disappeared These observations Strongly 
suggest that cjdochrome b is mvolved m the reduction 
of methylene blue and 2 6-dichlorophenohndophenol 
by succmate It is impossible at present to state 
whether cytochrome 6 is directly reducedby succinate 
or if this reduction requires an additional enzyme, 
which IS the true succmic dehydrogenase The 
solution of this question must await the isolation of 
either succmic dehydrogenase or cytochrome 6, winch 
can then be exa min ed to see if it has the properties 
of the other 

DISCUSSION 


Both the heart mu scle and kidney preparations are 
largely composed of small particles m colloidal 
solution, possessmg a very high enzymic activity 
Keihn & Hartree (1938, 1939, 1940) have pomted out 
that such preparations behave m many respects like 
the hvmg cell m particular, the respiration is 
affected by inhibitors in the same way as is the 
respiration of the hvmg cell These preparations, 
especially the more active one from heart muscle, 
are therefore very suitable for the study of many 
problems concerned with mtraceUular respiratory 
catalysis The absence of a cell wall ehmmates 
difficulties associated with diffusion through such a 
barrier, but it has been suggested (Slater, 1949 a) that 
problems of diffusion, especiaUy of large molecules, 
cannot always be dismissed when working with such 
Reihn Hartree (1949) have shown 
t at the physical properties of these preparations 
are of paramount unportance and must be carefully 
controlled m studies of the action of inhibitors This 
iS^r “ another paper (Slater, 

It might be expected that the drastic mechamcal 

treatoent given, especially to the heart muscle, viz 
grmd^ with sand m a mortar for 2 lir , would 
TOmpletely destroy the organization which exists 
the hmng cell Howev er, this cannot be the 
^e ^ce the particles have a very high enzymic 

sistom^/’n^'^^t complex succmic oxidase 

S much higher 

preparation than m the washed 

sj'stem must depend on a considerable degree of 


organization, with each component situated m the 
correct spatial relationship to the component with 
which it reacts It seems preferable, then, to regard 
these enzyme preparations as bemg solutions of some 
BubceUular structure or macromoleoules, rather than 
of unspecific fragments of the mass of the protoplasm 

Keihn & Hartree (1939) have pomted out that the 
heart muscle preparation contains a considerable 
amount of copper This was confirmed m the present 
mvestigation The total copper content of the heart- 
muscle preparation was found to be 0 0123%, a 
figure very similar to the 0 0129 % of non dialysable 
copper found by Kedm & Hartree (1939) This is 
eqmvalent to 1 9 rmcromol of copper/g of fat-free 
heart muscle preparation, which is the same order 
of magmtude as the total protohaematm content It 
seems not unhliely that this copper is m the form 
of some catalyticaUy active protem compound 

The Qoj, at 37°, of the cytochrome c m the 
heart muscle preparation may be calculated from 
the figures m Table 1 For purposes of this calcula 
tion, it should be noted that the value for the 
succmic oxidase activity m Table 1 was obtamed by 
measunng the rate of oxidation of succmate m the 
presence of excess cytochrome c In the absence of 
added cytochrome c the value is about 20 % lower , 
from tins figure the of cytochrome c at 37° m the 
heart muscle preparation is 38,000 This is about 
half the vedue found by Keihn & Hartree (1940) for 
yeast, VIZ 80,000 The discrepancy is not surpnsmg, 
smee one would hardly expect to have retamed, m 
the heart muscle preparation, the complete orgamza 
tion existmg m the hvnng cell That the factor is as 
low as 2 mdicates that a high degree of organization 
IB retamed. 

The actimty of the cytochrome oxidase is five 
tunes that of the succmic oxidase system This is not 
unexpected smee, m the cell, the oxidation of many 
substrates, m addition to succmate, passes through 
the cytochrome oxidase system 

SUMMARY 

1 Methods of obtammg, from heart muscle and 
kidney, enzyme preparations which are smtable for 
the study of the succuuc oxidase system and for the 
spieotr oscopio study of the cytochromes are described 

2 The factors mvolved m the measurement of 
the succuuc dehydrogenase activity and of the com- 
plete succmic oxidase system have been mvestigated 

3 Kidney possesses essentially the same cyto- 
chrome system as is found m heart muscle There is 
no evidence that cytochrome replaces cytochromes 
b and c m the kidney 

4 Quantitative measurements of the amounts of 
haematm compounds m the enzyme preparations 
suggest that both contam unknown haematm com 
pounds, whose spectra are not normally visible 
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6 Evidence is produced suggesting that c 3 d;o- 
chrome b is involved m the catalysis of the reduction 
of methylene blue by succmate 

6 Tlie enzyme preparations are colloidal solutions 
of particles, which are probably derived from some 
subcellular structure m the tissue 

7 Tile fact that the molar concentration of 
copper m the heart muscle preparation is of the 
same order of magmtude as that of the haematm 
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compounds suggests that a copper protein compound 
mighthavesomecatalyticfunctionmthepreparation 

8 The (at 37°) of the C3d)ochrome c m the 
heart muscle preparation is 38,000, i e about half 
the value m yeast 

I wish to express my deep appreciation of the most 
valuable advice given by Prof D Keilin, F R S , m the 
course of this investigation I also msh to thant the British 
Council for a scholarship 
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The Action of Inhibitors on the’ System of Enzymes which 
Catalyse the Aerobic Oxidation of Succmate 

By E C SLATER (BntiBh Council Scholar), The MoUeno InsMute, Vniveraity of Cambridge 

{Received 22 October 1948) 


As has been discussed m the previous paper (Slater, 
1949 a), the enzyme preparations used m the mvesti 
gation of the succuuc oxidase system are colloidal 
solutions of particles, which are probably derived 
from some subcellular structure m the tissue The 
oxidation of succmate by molecular oxygen requires 
the CO operation of a number of electron or hydrogen 
earners, which appear to be firmly attached to these 
particles It is obvious that any one carrier wiU be 
imable to react with the earners before and after it 
in the reaction cham unless the three are closely 
situated m or on the particle Tlius, the mamtenance 
of the structure of the particle, which keeps these 
carriers m the correct spatial relationship to one 
another, is of paramount importance for the activity 
of the sucerme oxidase system, as has been pomted 
out by Keihn & Hartree (1940, 1949) 

Substances winch combme with specifio groups 
m the enzyme molecule, thereby mhibitmg the re- 
action catalysed bj the enzyme, are widelj used for 
studymg the properties of enzjmes Wlien dealmg 
with a complex sj^tem of the type of the succmic 
oxidase system, the possibdity must be considered 
that the inhibitor does not combme with any specific 


groups on the enzyme molecule, but acts non- 
specifically on the enzyme system as a whole, by 
affectmg the properties of the particles m the solution 
m such a way as to impair the mutual accessibfiity 
of the components of the system Thus, before 
inhibitors can profitably be used to obtam mforma 
tion about the components of the succmic oxidase 
system, the characteristics of the action of inhibitors 
of this latter type must be determmed 

METHODS 

The methods of obtainmg the enzyme preparations and of 
measuring enzymie activities have already been described 
(Slater, 1949 o) Except where otherwise stated, the succmic 
oxidase activity was measured in the presence of added 
cytochrome c (4 x 10~‘ m) All activities are expressed as 
Qo (/J Oj/mg fat-free dry wt /hr ) Most of the measure 
ments of succimo dehydrogenase activity were made by the 
manometno method used in the previous paper, but in some 
cases the Thunberg procedure was used 

Denatured globin (kmdly supphed by Dr E F Hartree) had 
been prepared by the method of Keihn A Hartree (1947) 
Ca 3 (P 04)5 gel ivas prepared accordmg to the method 
of Keihn A Hartree (1938) 
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BESULTS 
E^ect oj ageing 

The effect of keeping a preparation of heart muscle 
at 4° for several -weeks on the actnnties of the 
succinic dehydrogenase and of the complete succmio 
oxidase system is sho-wn m Fig 1 It must be 



Fig 1 Effect ofstorageofheart-muBde preparation at 4° on 
the actmtiea of the anociruo oxidase and of buccuuo 
dehydrogenase, A, succmio oxidase activity, expressed as 
(2o,> B, sucomic dehydrogenase aoti-vity, deter min ed by 
the Thnnberg method and expressed as , which is m 
arbitrary units and cannot be compared with the 

emphasized that this preparation -wsis not a normal 
one , probably too much acid -was added durmg the 
preparation, and consequently its imtial succimc 
oxidase actunty -was only about one quarter that 
of a normal preparation However, the figures are 
presented because they show very clearly how 
fluctuations m the actiiuty of the succmic oxidase 
sj^tem are not reflected by the succimc dehydro 
gennse activities Usually, the acti-vity of the succmio 
oxidase sj'stem dechnes after about a -week’s storage, 
at which pomt there is hea-vy bacterial contamma- 
tion, while the succmio dehydrogenase actmty de 
chnes more slowly This might be due either to the 
estruction of a component of the succimc oxidase 
sjstem not required for the succimc dehydrogenase 
or to changes m the physical properties of the 
particles In the present case, however, the mcrease 
m the succmio oxidase actmty between the first and 
socon week, without change m the succimc de- 
n drogenase actmty of the preparation, must be due 
a p ij sical factor Such an mcrease m the acti-vity 
ot the succmic oxidase sj stem after 5 day a was qmte 
imusual, but on mcrease during the first day, without 
a concomitant mcrease m the succmic dehj drogenase 


actmty, was qmte common ELhott & Gneg (1938) 
also found a spontaneous mcrease m the succimc 
oxidase aotmty of a tissue homogenate after standmg 
m the cold for several hours, and attributed this to 
further dispersion of the components of the succmic 
oxidase system 

A preparation which was suspended m about one 
tenth of its volume of M phosphate buffer and 
glycerol (final concentration, 60 %) did not show any 
obvious signs of bactenal contammation after a year 
at 4° However, its sucoimo oxidase activity dechned, 
after a few weeks’ storage, at about the same rate as 
that of a normal preparation which was hea-vdy 
contammated after about a week Its succmio de 
hydrogenase actmty, on the other hand, remamed 
constant for at least 3 months 

Effect of phosphate concentration 

The effect of phosphate concentration on the 
activity of the succmic oxidase system and on the 
succmic dehydrogenase actmty of a heart muscle 
preparation IS sho-wn m Fig 2 It can be seen that the 



Pig 2 Effect of phosphate concentration on the actmty of 
the Buccimc oxidase system and of succimc dehydrogenase 
A, succimc ondase system, B, succimc dehydrogenase 

concentration of phosphate buffer is qmte critical 
for the activity of the succmio oxidase system, but 
has httle effect on the succmic dehydrogenase 
activity The optimal concentration of phosphate 
buffer for succmic oxidase actmty was 0 llM (cf 
Keilm & Hartree, 1949, who found that 0 15 m was 
the optimal phosphate concentration) Keadmgs 
obtamed with concentrations of phosphate lower 
than about 0 03 m were somewhat erratic 

If the action of phosphate is physical and affects 
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the mutual accessibihty of the components of the 
succimc oxidase system, one would expect, smce 
cytochrome c is one of these components, that the 
effect of phosphate would be greater if the succimc 
oxidase activity were measured m the absence of 
added cytochrome c than m its presence For 
example, Keihn & Hartree (1940) showed that certam 
treatments (e g alternate freezing and thawmg m 
hqmd air) of the heart muscle preparation, while not 
affectmg the amount of cytochrome c m the heart- 
muscle preparation, did affect its aecessibihty to the 
remamder of the succmic oxidase system, so that the 
activity measured m the absence of added c 3 d>o 
chrome c was greatly reduced, although the activity 
m the presence of added cytochrome c was not 
affected More recently, Keihn & Hartree (1949) 
have shown that denatured globm can reverse the 
effect of various physical treatments of the heart- 
muscle preparation Table 1 shows the mfluenee of 
added C 5 rtochrome c and globm, both separately and 
together, on the effect of phosphate on the succmic 
oxidase activity 


Table 1 Effect of denatured globtn and cytochrome 
c on the effect of phosphate on the succimc oxidase 
activity of heart muscle preparation 


Globm added 
Cyt c added 
Phosphate cone (u) 
A 0138 
B 0 028 
B/A 

C 0 372 
C/A 


Snoomio oxidase activity (Go,) 

Nil Nil 0 13% 013% 
Nil 4 X lO-^u Nil 4 X lO'^ar 


467 604 620 696 

124 349 696 716 

0 27 0 58 1 14 1 03 

323 359 346 414 

0 69 0 65 0 66 0 60 


It IS apparent from Table 1, first, that the m 
hibitmg effect of low phosphate concentrations is, 
m the absence of globm, considerably less m the 
presence than m the absence of cytochrome c, and, 
secondly, m agreement with Keihn & Hartree (1949), 
that globm completely abolishes the effect of low 
phosphate concentrations There is, therefore, reason 
to beheve that the mhibitmg action of low phosphate 
concentrations is due to an effect on the particles of 
the enzyme preparation, which causes an impaired 
mutual accessibihty of the components of the 
succmic oxidase system The mhibitmg effect of high 
phosphate concentrations is not, however, affected 
by either globm or cydiochrome c It is shown m 
another paper (Slater, 19496) that high phosphate 
concentrations have a true and very strong inhibiting 
action on the cytochrome oxidase It is possible tliat 
the mlubition of the succimc oxidase system by high 
phosphate concentrations is due to this effect on 
cytochrome oxidase, which is a part of the succmic 
oxidase system Denatured globm has no effect on 
this inhibition of cytochrome oxidase, nor, of course, 
has cytochrome c, which is the actual substrate of 


the enzyme The variations m cytochrome oxidase 
activity also found with low phosphate concentra- 
tions probably play no part m the effect of such 
concentrations on the succimc oxidase system, smce, 
m dilute phosphate, the cytochrome oxidase activity 
IS so much higher than that of the succmic oxidase 
system 

The succmic oxidase activity of the kidney pre 
paration used m the present mvestigation was 
affected by the phosphate concentration m much the 
same way as that of the heart muscle In this respect, 
as m others (Slater 1949o), this kidney preparation 
differed from that of Keihn & Hartree (1949), who 
found that the actinty was optimal at low phosphate 
concentrations This difference is probably duo to the 
larger amounts of denatured protems m the Kedm 
& Hartree (1949) preparation, smce the heart muscle 
preparation behaves like their kidney preparation if 
denatured protems are added 

Effect of surface active compounds 

Straub (1942), by dispersmg a heart muscle pre- 
paration with bile salts, followed by ammomum 
sulphate fractionation, obtamed a preparation which 
possessed an active succmic dehydrogenase and 
cytochrome oxidase, but which was unable to oxidize 
sucomate aerobically He found that the succmic 
oxidase activity was restored when he added a pre 
paration made by heatmg heart muscle preparation 
at pH 9 0 to 66° for 16 min , which treatment 
completely destroyed the succmic dehydrogenase 
He faeheved that this second preparation contamed 
a factor, the ‘SC factor’, which hnked the succmic 
dehydrogenase to the cytochrome system, and wluch 
was spht off the enzyme by the action of bile salts 
The experiments of Straub (1942) were repeated, 
four preparations bemg made as follows 

(1) Phosphate extract Washed minced heart muscle was 
ground for 2 hr m a meohamoaJ mortar with sand and an 
equal volume of 0 In phosphate buffer, pH 7 3, and centn 
fngedfor20 mm Bt2000 rev /min The supernatant was used 

(2) Chdlate preparation The method followed was exactly 
that described by Straub (1942) To 200 ml of the phosphate 
extract, 60 ml 10% sodium oholate, followed by 43 7 g 
(NHj/jSOj, were added. After standing overnight at 4°, the 
precipitate was centrifuged off and discarded The super 
nstant was treated with 126 g (NH^/jSO^/l and the solution 
centrifuged The sticky precipitate, which coUeoted at the 
top of the centrifuge tube, was dissolved m 30 mb 0 1 Ji 
phosphate buffer to give a turbid solution contammg 
42 6 mg fat-free dry matenal/ml 

(3) SC factor preparation This was also prepared exactly 
as described by Straub (1942) The phosphate extract 
(60 ml ) was brought to pH 9 by the addition of N NaOH 
and heated at 66° for 16 min The mixture was cooled and 
neutralized with N acetic acid Weight of the fat-fi:ee dried 
material = 14 4 mg /ml 

(4) Keihn it; Bartree{lQ4t7) preparation This was prepared 
from thephosphate extract by the method ofKeihn A Hartree 
(1947) Weight of fat- free dried matenal=32 3mg /ml 
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Tlie succmic dehydrogenase and succinic Oirdase 
activities of the preparations are compared in 
Table 2 The cholate preparation had no succmic 
oxidase activity and its succmic dehydrogenase 
activity was only about one fifth that of the phos- 
phate extract and one sixth that of the Keihn 
& Hartree (1947) preparation The properties of both 

Table 2 Activity of Straub and Keilin 
cL Hartree preparations 

(Activities based on the weight of the fat-free dried 
Buhatance ) 



Preparation 

Succmio 

oxidase 

Succmic 

dehydrogenase 

Phosphate extract 

330 

160 

Cholate preparation 

1 

33 

SC factor 

0 

1 

Keihn Hartree 

610 

200 


the cholate and the SC factor preparations changed 
on standing for a few days When both were freshly 
prepared, the SC factor had a considerable activatmg 
effect on the succmic dehydrogenase of the cholate 
preparation, and also restored the succmic oxidase 
activity to a small extent (Table 3) After standing 


Table 3 Effect of addition of SO factor to cholate 
preparation on activity of latter, using fresh 
preparations 


(AotiTitieB expressed m terms of weight of fat-free dried 
cholate preparation ) 


SC factor added (nig /mg 
cholate preparation) 

0 

08 

17 



Snccmio Sncomio 

oxidase dehydrogenase 


1 33 

2 72 

14 — 


Table 4 Effect of addition of SO factor to cholate 
preparation on activity of latter, after keeping both 
preparations at 4:° for 2 days 


(Activities expressed in terms of weight of fat-free dried 
cholate preparation.) 


SC factor added (mg /mg 
cholate preparation) 

0 

17 

34 

68 



Sncomio 

Succmio 

dehydrogenase 

oxidase 

41 

2 

48 

0 

60 

20 

43 

29 


■> 


^ succmic dehydrogenase activity ol 
tlio P’^P^ationhad mcreased somewhat anc 

SO factor preparation was less effective n 

It should be notec 
imt thm behaviour of the cholate and SC factoi 
preparations on storage is the exact reverse of thal 


found by Keihn & Hartree (1949), who found that 
the activity of the SC factor — obtamed by a method 
shghtly different from that of Straub (1942) — m- 
creased and the dehydrogenase activity of the cholate 
preparation decreased after standmg a few days 
Smee the activity of these preparations depends on 
phj'sical factors winch are httle imderstood, it is not 
surprismg that such unpredictable variations should 
occur The fact that treatment with bde salts affects, 
not only the complete succmic oxidase system, but 
also the succmic dehydrogenase, and that the SC 
factor preparation reactivates both, mdicates that 
the bde salts do not act speoificaUy on one com- 
ponent of the system, but have a general effect on 
the whole enzyme system, it is not surprising that 
its effect on the more complex complete succmic 
oxidase system should be greater than on the 
sucerme dehydrogenase Straub’s (1942) SC factor 
must act "by reversmg this general effect, and not by 
gupplymg a missing factor, smee it is difficult to 
gee how a factor which operates between succmic 
dehydrogenase and cytocluome oxidase could re 
activate the succmic dehydrogenase 

This conclusion agrees with that of Kedm & 
Hartree ( 1 949), who showed that the SC factor is not 
a specific reactivator of the succmic oxidase system 
treated with bde salts, smee they found that it could 
be replaced by calcium phosphate, which removed 
the bde salts from the particles It seems, therefore, 
that the action of bde salts is due not to the removal 
of a specific factor, but to a physical effect on the 
particles of the heart muscle preparation Such an 
effect 18 qmte obvious to the eye, smee the cloudy 
CoUoidal solution of heart muscle is considerably 
clarified by the addition of bde salts Bde salts are 
gtrong denaturing agents and the strong shadmg 
between the b and c bands observed spectroscopically 
after the addition of sodium dithiomte (NajS 204 ) to 
the cholate preparation is probably due to denatured 
baematm compounds The mtensities of the c and 
b bands were lower than m the heart muscle pre 
paration, although the a band was normal 

The action of another surface active agent, viz the 
haemolytic substance which has been isolated by 
Laser & Friedmann (1946) from a number of tissues, 
has also been exa min ed This substance, which was 
kmdly provided by Dr Laser, is a long-cham un- 
saturated fatty acid Its effects are shown m Table 5, 
which summarizes three separate experiments, Exp 1 
with one heart muscle preparation and Exps 2 and 
3 with a different preparation Exps 1 and 2 show 
that low concentrations of the haemolytic substance 
practically completely inhibit the succmic oxidase 
system without hanilg any effect on the succmic 
dehydrogenase Tlie two heart muscle preparations 
differed m their susceptibility to the inhibitor The 
effect of the addition of cytochrome c on the degree 
of inhibition of the succmic oxidase system was 
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Table 6 Effect of haemolytic substance (HS) on the succinic oxidase system 

Inhibition (%) 

I * — ^ — 

Sucomio oxidase system 



Without 

With cyt c 

Suocimo 

Cytochrome 


oyt c 

(6x10-‘m) 

dehydrotrenose 

oxidase 

jCiXp 1 (0 012 ml heart-mnscle preparation/ml ) 

HS(1 X lO"*!!) 

— 

78 

0 


HS(1 X 10-^M) -h 2 mg Ca 3 (P 04 ),/ml 

HS(1 X lO-^M) -(-0 2 ml ‘SC factor’/ml 

— 

52 

. 



— 

6 

— 



Exp 2 (0 012 ml heart-muscle preparation/ml ) 

HS(0 5 X lO-'M) 

10 

11 




HS(1 xlO-^M) 

26 

23 

0 


HS(1 76 X 10-^M) 

60 

44 




HS(2 6 X 10-*m) 

98 

91 

1 



HS(6 X IO-'m) 

100 

100 

— 

— 

Exp 3 (0 006 ml heart-musole preparation/ml ) 

HS(1 26 X 10-^M) 

97 

97 

26 

31 

HS(2 6 X lO-^M) 

— 

— 

— 

72 

HS(4 6x10-*m) 

— 

— 

42 

— 


* The calculated percentage inhi bition has been corrected for the stimulating effect of calcium phosphate gel and ‘ SC 
factor ’ preparation on untreated heart- muscle preparation and for the shght residual activity of the ‘ SC factor ’ preparation 


studied in Exp 2, the results, which are plotted ut 
Fig 3, showing that the inhibition is greater m the 
absence of added cytochrome c than m its presence 
The S shape of the curves m Fig 3 is probably due 



Fig 3 Effect of addmg cytochrome c (6 x on the 

inhibition of the complete succimc oxidase system by 
Laser’s haemolytic substance (HS), A, percentage m 
hibition of system, measured m the absence of added 
cytochrome c, B, percentage inhibition of system, 
measured m the presence of added cytochrome c 

to the protective action, at low concentrations of the 
inhibitor, of other substances (e g denatured pro- 
teins) m the enzyme preparation This is probably 
also the reason for the finding m Exp 3 that when 
the concentration of the enzyme preparation was 
halved it became much more susceptible to the 
inhibitor In Exp 3, it was found that succimc 
dehj drogenase and cytochrome oxidase were both 
inhibited to a certam extent by a concentration of 
inhibitor sufficient completely to mactivate the com- 
plete succmic oxidase system It is apparent from 
Exp 3 that the order of mcreasmg susceptibihtj to 


the inhibitor is succmic dehydrogenase, cytoclirome 
oxidase, complete succmic oxidase system 

Both calcium phosphate gel and Straub’s (1942) 
SC factor were able to reactivate the succmic 
oxidase system after treatment with the haemolytic 
substance , reactivation by the SC factor preparation 
was complete (Exp 1 ) It seems very hkely that this 
haemolytic substance acts on the succmic oxidase 
system m the same manner as bile salts 

DISCUSSION 

In considermg the action of inhibitors on the succmic 
oxidase system, it is advisable to distinguish between 
those substances which act specifically on one com- 
ponent of the system (e g malonate on succmic 
dehydrogenase, cyamde on cytochrome oxidase) and 
those which act non specifically on the enzyme 
system as a whole, by affecting the mutual accessi 
bihty of the components of the system, on the 
particles of the enzyme preparation (cf Keihn & 
Hartree, 1949) Examples of tins non specifio type 
of action are adsorption of the inhibitor on the 
particle, dispersal by surface active substances, 
and aggregation Such treatments must have a 
more drastic action on the complete succimc 
oxidase system (mvolvmg a number of components) 
than on those reactions which depend upon only 
some of the components of the system, for example 
the reduction of methylene blue by succmate 
Thus, it has been mvanably found that, with these 
types of inhibitors, the complete succmic oxidase 
system is much more susceptible than is the succmic 
dehydrogenase , m fact, concentrations sufficient to 
mlubit completely the succmic oxidase system often 
have no effect on the succmic dehydrogenase, which 
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require higher concentrations m order to detect any inhibitor, it should be possible, in most cases, to 


inhibition The susceptibdity of the cytoclirome 
osadase to the haemolytic substance is mtermediate 
between that of the sucomic dehydrogenase and the 
complete system 

Inhibitors which act m this non specific manner 
possess certam characteristics wluch wiU usually 
enable them to be distmguished from the more 
specific inhibitors, viz (1) concentrations wluch are 
necessary to inhibit completely the succmic oxidase 
system will affect the cytochrome oxidase to a certam 
extent, while higher concentrations will have a 
strong effect on the C 5 diochrome oxidase, and, 
perhaps, some effect on the succmic dehydrogenase , 
(2) the inhibition of the complete succmic oxidase 
system is lower when the activity of the latter is 
measured m the presence of cytoclirome c than when 
it IS measured m its absence, (3) the inh ibition is 
often reversed by the addition of substances such as 
calcium phosphate gel or denatured proteins, which 
either remove the inhibitor from the particles by 
absorption (as is probably the case with surface- 
active compounds) or, m some unk nown way, are 
able to restore the mutual accessibihty of the com 
ponenta of succmic oxidase system on the particles 
after the latter have been affected by physical agents 
(for example, effect of globm on the effect of low 
phosphate concentrations) 

The more specific inhibitors will, generally, act on 
only one component of the system, will be un- 
affected by the presence or absence of cytochrome 
c (unless, of course, the inhibitor acts specifically on 
t e ciftochrome c, no such inhibitor is, however, 
mown) and will be unaffected by the addition, after 
1 16 inhibitor has acted on the enzyme, of substances 
mch as denatured proteins or calcium phosphate gel 

cnatured globm can, however, reverse the action 

?oi which combme with thiol groups 

(Slater, 1949c) 

If all these pomts are considered, together with 

0 general physical and chemical properties of an 


determine whether the mliibitor has a general non- 
specifio effect on the system or is actmg specifically 
on a smgle component of the system A particular 
apphcation of this method of distmguishmg between 
the two types of mlubition Will be found m the 
foUowmg paper (Slater, 1949 d) 

SUMMARY 

1 Durmg storage of a particular heart muscle 
preparation at 4° for several weeks, the activity of 
the succunc oxidase system at first mcreased, then 
decreased, while the succunc dehydrogenase activity 
remamed constant It is beheved that this is due 
to an alteration of the physical properties of the 
particles of the enzyme preparation 

2 Tlie concentration of the phosphate buffer has 
a profound effect on the activity of the succmic 
oxidase system, but has httle action on the succmic 
dehydrogenase The inhibitory action of low phos 
phate concentrations was greater when the actnnty 
■was measured ■without the addition of cytochrome 
c, it was completely prevented by denatured globm 

3 Straub’s (1942) claim to have removed, by the 
action of bile salts, a component of the succmic 
oxidase system, which can be restored by the 
addition of a heart muscle extract, heated under 
aUtalme conditions, has not been confirmed Bile 
salts ha-ve a general physical effect on the particles 
of the enzyme preparation 

4 A haemolytic substance had the same effect as 
bde salts on the system 

6 Inhibition of the succmic oxidase system by 
non specific agents possesses certam characteristics, 
which distmguishes this inhibition from that mduced 
by agents which combme specifically ■with a com- 
ponent of the system 

I wish to thank Prof D Keilm, P JR S , for his interest and 
advice during this investigation, and the Bntiah Council for 
a Boholarship 
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A Respiratory Catalyst Required for the Reduction 
of Cytochrome c by Cytochrome b 

By E C slater (British Council Scholar), The MoUeno Institute, University of Cambridge 

{Received 22 October 1948) 


F or the study of the cytoclir omes, the enz 5 rme system 
catalysmg the aerobic oxidation of succinate (the 
Buccmic oxidase system) offers special advantages 
smce, unlike most mtermediary metabohtes, suc- 
cmate activated by its dehydrogenase reacts directly 
with the cytochrome system without the necessity for 
the mtermediary earners cozymase and diaphorase 
The work of Keilm (1929), Kedm & Hartree (1940) 
and Ball (1938) shows that the transport of hydrogen 
atoms (or electrons) from sucemate to molecular 
oxygen proceeds through a oham of electron carriers 
of successively higher oxidation reduction potential 
Four such earners have been identified spec 
troscopicaUy, actmg m the following maimer, the 
arrows mdicatmg the direction of electron transfer 
(cyt = cytochrome) 

Snooinate->cyt 6-voyt c-voyt a-vojt a 3 (oxidase)-»- 0 , 

I 

Suocmio dehydrogenase 

at pH 7 3 and 30° 

-0 010* -0 04t 0 262t 0 29t t 0 78 V 

Tlie activity of the complete succmic oxidase 
system is measured by deter minin g the rate of 
oxygen uptake m the presence of excess sucemate, 
while the component parts of the system may be 
studied by the mtroduction of substances of smtable 
oxidation reduction potential which do not require 
activation by enzymes Thus the rate of reduction 
of methylene blue (Jfo= +0 001 V , at pH 7 3, 30°, 
Clark, Cohen & Gibbs, 1926) m the presence of 
excess sucemate is a measure of the succmic de 
hydrogenase cytochrome b portion of the system, 
wluch will henceforth be referred to as ‘succmic 
dehydrogenase’ (It is possible that succmic de- 
hydrogenase IS identical with cytochrome b See 
Bach, Dixon & Zerfas, 1946, Ball, Anfinsen & 
Cooper, 1947, Slater, 1949 o ) Similarly, the activity 
of the C 3 rboohrome a cytochrome a, portion (hence 
forth referred to as cytochrome oxidase) may be 
measured by deter minin g the rate of oxidation, m 
the presence of excess cytochrome c, of a number of 
substances, such as p phenylenediamme, ascorbic 
acid and qumol, which rapidly reduce cytochrome c 

* Calculated from Borsook Schott (1931) 

t Ball (1938) 

j Stotz, SidweU i, Hogness (1938) 


Several groups of workers have suggested that the 
aerobic oxidation of sucemate requires an additional 
factor actmg between succmic dehydrogenase and 
cytochrome c This suggestion was based upon the 
evidence that it was possible, by various treatments, 
to obtam enzyme preparations which were able to 
catalyse the reduction of methylene blue by sucemate 
and the oxidation of reduemg agents m the presence 
of C 3 rtochrome c, and yet were unable to oxidize 
succinate aerobically Such preparations can be 
obtamed by treatment with bUe salts (Hopkms, 
Morgan & Lutwak Mann, 1939, Straub, 1942), 
repeated isoelectric precipitation or ultracentrifuga 
tion (Stem & Mehuck, 1939), or by ammomum 
sulphate fractionation (Stoppam, 1947) Kedm & 
Hartree (1940) obtamed a similar preparation by 
treatment of the enzyme preparation at pH 6 for 
1 hr , but suggested that the mactivation of the 
succmic oxidase system might be due, not to the 
destruction or removal of a factor of the type 
suggested by the other workers, but to an effect on 
the particles of the enzyme preparation which 
caus^ an unpaired accessibihty of the components 
of the succmic oxidase system, without appreciably 
affectmg the accessibdity of methylene blue or 
succinate to the dehydrogenase Stem & Mehuck 
(1939), Straub (1942) and Stoppam (1947) appeared 
to have obtamed strong evidence m support of their 
view, by restoring the activity of the complete 
system by the addition of alleged specific factors 
such as the supernatant flmd from the ultracentri- 
fugation (Stem & Mehuck, 1939), an enzyme pre 
paration heated to 66° at pH 9 (Straub, 1942) or 
a preparation obtamed by fractional precipitation 
with ammomum sulphate (Stoppam, 1947) Keihn 
& Hartree (1949) have now shown, however, that 
these supposed specific reactivating fractions could 
be replaced by such substances as calcium phosphate 
gel or denatured proteins, which could not possibly 
be components of the succmic oxidase system It 
follows that the enzyme preparations obtamed by 
Stem & Mehuck, Straub and Stoppam must have 
contamed aU the components of the succmic oxidase 
system, and that the inactivity must have been due 
to the loss of the mutual accessibihty of these com- 
ponents Tile reactivatmg substances probably act, 
m some as yet unexplamed maimer, by restoring 
this accessibihty 
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However, Keiliii & Hartree {1949) eidinit that, 
although their experiments disprove the clauns of 
these workers, they do not disprove the possible 
existence of such a factor One method of mvesti- 
gatmg this possibihty is to search for substances 
which inhibit the complete succmic oxidase system 
without affecting the activities of the succmic de- 
hydrogenase, cytochrome c or cytochrome oxidase, 
and winch do not act non-specificaUy on the enzyme 
83 ^Btem as a whole by affecting the particles of the 
enzyme preparation In another paper (Slater, 
19496), ways of distinguishing betvreen inhibitors 
which have this latter kmd of action and those which 
act specifically on a component of the system are 
discussed The present paper is concerned with the 
findmg that certem reducing agents, m the presence 
of air, bring about complete inactivation of the 
succmic oxidase system, without affectmg either the 
succmic dehydrogenase or the cytochrome oxidase 
A detailed study of the mechanism of this mactiva- 
tion showed that it was due to the destruction of 
a specific component of the succmic oxidase system 
Tins component, which is probably a haematm 
compound, acts m the sj^stem between cytochrome 
6 and cytoclirome c 

A prehimnary account of the mam findings of this 
mvestigation has been giveh elsewhere (Slater, 1948) 

EXPERIMENTAL 

Enzyme preparations ftom horse heart and kidney, 

obtamedbythemethodsprenonslydesonbed (Slater, 1949o), 

were used as the suocinio oxidase system 

Cytochrome c, prepared by the method of Kedm & Hartree 
(1946o), contamed 0 34% Pe, catalase was prepared by the 
method of Keihn & Hartree (19465) and n-amtno-acid 
oxtdase by the method of Negelem k Brbmel (1939), nofatm 


previously described (Slater, 1949 o, c) AH activities are 
expressed as Q 0 {pi Oj/mg fat-free dry wt /hr ) 

Copper was determmed by the method of MoParlane 
(1932) 

Oeneral procedure 

The effect of the reducing agent on the enzyme system was 
most convemently studied by the following procedure, which 
will henceforth be referred to as the ‘general procedure’ 
Undiluted enzyme preparation (1 ml) was pipetted mto 
a Baroroft flask, followed by any other additions to be made 
and finally by the reducing agent, the total volume (made up 
with glass distilled water) bemg 2 ml After attaching to 
a Baroroft manometer the flask was shaken m air at 37° for 
the required time, then removed from the manometer, and 
3 ml 0 18m phosphate buffer added. Samples (0 2 ml) were 
pipetted mto flasks for the measurement of the enzyme 
activities, and immediately diluted with the appropriate 
amount of phosphate buffer This rapid dilution (about 
40 fold) almost eompletely prevented any further reaction 
between the reducing agent and the enzyme Controls 
treated m exactly the same manner, but using water instead 
of the rednomg agent, were always molnded and used as the 
basis for calculating percentage inhibitions 
This procedure, namely reaction at high enzyme and m 
hibitor concentrations followed by dilution before measuring 
the enzyme activities, is only vahd if the inhibition is not 
reversed by dilution, as was the case with the inhibitions 
discussed m this paper 

RESULTS 

Effect of reducing agents on the acfimltes of the 
succinic oxidase system and of succinic 
dehydrogenase 

The effects of eqiuvalent concentrations of ascorbic 
acid and some thiol compounds on the activities of 
the succmic oxidase system and of succmic dehydro 
genase m the heart muscle preparation are shown m 


Table 1 Effect of reducing agents on the activities of the succinic oxioase system 
and of succinic dehydrogenase in heart muscle preparation 


(‘General procedure’ (see above), reaction time, 30 mm ) 

Inhibition (%) 


Bednomg agent 
Ascorbic acid 
Glutatlnone 
Cysteme 

Hiethyldithiocarbamate 
2 3 Dimercaptopropanol (BAL) 


cilhnm notatum " 

prepared inth glass distilled water im^ediatelv before 
actiViUcs were measured accordmg to the methods 


Concentration 

Oxygen uptake 
m 30 mm 

A 

Succmic oxidase 

Succmic 

(M) 

W 

system 

dehydrogenase 

0 01 

47 

77 

28 

0 02 

96 

78 

9 

0 02 

247 

100 

79 

0 02 

66 

100 

100 

0 01 

133 

98 

6 

from Pent 

Table 1 Diethyldithiocarbamate completely 


hibited the succmic dehydrogenase activity (cf 
Keihn &, Hartree, 1940) 'The other three tluol com- 
pounds strongly inhibited the activity of the complete 
system, but, with the exception of evsteme, had 
httle effect on the succmic dehvdrogenase The 
degrees of inhibition caused bj these three com- 
pounds were m the same order as them rates of 
oxidation m the presence of the heart muscle pre- 
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paration Ascorbic acid inhibited the complete 
system to about the same extent as glutathione, but 
had a greater effect on the succinic dehydrogenase 
Under the conditions of this experiment, the com 
pound which had the greatest effect on the complete 
succmic oxidase system with very little effect on 
succimc dehydrogenase was 2 3 dimercaptopro- 
panol (BAXi) Smce it was also found that this 
compound had very httle effect on the oytoclirome 
oxidase actmty, it fulfilled the requirements for the 
present study, and the mechanism of its action was 
further mvestigated These observations reconcile 
the apparently divergent findings of Webb & van 
Heynmgen (1947) and of Barron, Miller & Meyer 
(1947) on the effect of BAL on the succmic system, 
smce the latter authors, who found an inhibition, 
measured the activity of the complete succmic 
oxidase system, while the former authors, who found 
no effect, measured the succmic dehydrogenase 

Effect of BAL on the actimttes of the succmic oxidase 
system and of succimc dehydrogenase 

A study of the effect of tune of contact of BAL 
with the heart muscle preparation before dilution, 
summarized m Fig 1, showed that the succmic 



Fig 1 Inactivation of the sncoinio oxidaae system and 
succmic dehydrogenase m heart-muscle preparation by 
shaking m air with 0 0094ii BAL at 37° for vanous penods 
of time, ‘general procedure’ (see p 16) A, inhibition of 
succmic oxidase system , B, inhibition of succimc dehydro 
genase, C, Oj uptake by BAL 0 2 mL 0 004m BAL added 
to flasks used for measurement of control activities, ne 
theseflaska contamed the same amount of BAL(0 00026m) 
as test flasks This amount of BAL inhibited the suoomio 
oxidase activity by 11 % and the succimc dehydrogenase 
by 3% 

oxidase system was inhibited after a few mmutes’ 
contact with BAL, and the inhibition was 90 % after 
20 min Inhibition of the succmic dehydrogenase, 
on the other hand, did not commence until about 
30 min after the addition of tlie BAL to the heart 
muscle preparation, i e when 57 % of the BAL was 
oxidized Thereafter, the inliibition of succmic de 
hj drogenase mcreased rapidly with time It was 
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fovmd that shakmg the heart muscle preparation 
with air for 2 hr at 37° imder the conditions of the 
experiment, but m the absence of BAL, caused no 
destruction of the succmic dehydrogenase, and only 
a 13 % loss of the succmic oxidase activity 

It IS apparent from these experiments that BAL 
has two quite distmct effects (1) a rapid and strong 
inlubition of the succmic oxidase system, without 
any effect on the succmic dehydrogenase portion, 
(2)an inhibition ofthe succimc dehydrogenase, which 
does not commence until more than half the BAL is 
oxidized and mcreases m velocity as the oxidation 
of BAL approaches completion 

Tlie possibility that the subsequent addition of 
K.CN m the measurement of the succmic dehydro 
genase activity rmght have reversed an inhibition 
of succmic dehydrogenase, caused by the BAL, was 
excluded by an experiment m which the inhibition 
was measured m two ways, viz by the manometnc 
method m thepreseuee ofKCN, and by the Thunberg 
method m its absence The calculated mlubitions 
were the same by both methods 

Tlie experiment described m Fig I suggested that 
the effect on succmic dehydrogenase, winch did not 
occur until more than half the BAL was oxidized, 

Table 2 Effect of BAL and oxidized BAL on the 
succimc oxidase and succmic dehydrogenase activity 
of heart muscle preparation 

(A Alkali treated preparation (lmj) + lml 0 028ii 
BAL were added to a Barcrofl flaak whiob was attached to 
a manometer and shaken at 37° until the uptake of 0, had 
ceased (60 mm.) Heart-mnsole preparation (1 mL) was then 
added to the flask, which was shaken at 37° for a further 
30 mxn., 2 mL 0 18u phosphate buffer were then added and 
the sucomio dehydrogenase and suocmio oxidase activities 
detemimed on 0 2 ml samples in the usual way B This 
WBsthesameas A, except that 1 ml water replaced the BAL 
C Alkah treated preparation (Iml)-t-lml 0 028m 
BAT, -t- 1 ml heart-muscle preparation were added to a Bar 
croft flask which was shaken at 37° for 30 mm , 2 ml 
0 18m phosphate bufier were then added and the succamo 
dehydrogenase and succinio oxidase activities detenmned 
on 0 2 ml samples m the usual way D This was the same 
as O, except that 1 mL water replaced the BAL ) 


Sucomio dehj drogenase 
Succmic oxidase activity activity 


A. 

f 

Inhibition 

. 

% 

Inhibition 

(il /lO mm 

(%) 

fil/10 mm 

(%) 

68 6 

34 

32 1 

23 

104 7 

— 

41 8 

• 

28 

98 

32 9 

20 

104 2 



410 



was due to an oxidation product of BAL Con 
sequently, the effect of oxidized BAL was compared 
with that of BAL itself BAL was oxidized by 
shaking m air with a heart muscle preparation, 
treated by the method of Straub (1942) m order to 
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destroy its succmic dehydrogenase activity, until 
the absorption of Oj ceased The treatment of the 
heart muscle preparation consisted of brmgmg it to 
pH 9 0, warming at 66° for 16 min and then cooling 
and neutrahzmg The experiment, described m 
Table 2, clearly shows that, whereas the mlubition 
of succmic dehydrogenase activity was about the 
same when previously untreated heart muscle pre 
paration was m contact with either completely 
oxidized BAL (A) or with BAL undergomg oxidation 
(C), the mactivation of the succmic oxidase system 
was much greater when it was present durmg the 
oxidation of the BAL The oxidized BAL produced 
a shghtly greater inhibition of the succmic oxidase 
system than of the succmic dehydrogenase , other 
oxidizmg agents behave similarly (Slater, 1949d) 
The effect of oxidized BAL on succmic dehydrogenase 
IS probably due to oxidation of SH groups essential 
for the activity of the dehydrogenase (cf the m- 
liibition of succmic dehydrogenase by oxidized 
glutathione, Hopkins & Morgan, 1938) 



Tig 2 Inactivation of the snccinio oxidase system and of 
Buccinio dehydrogenase m heart-muscle preparation by 
shaking m air with various concentrations of BAL, 
temp 39°, reaction tune, 20 mm., ‘general procedure’ 
A, • inhibition of succmic oxidase system, B,0 inhibition 
of succmic dehydrogenase 0 Oj absorbed by BAL 
during contact with the heart-mnsde preparation (nght- 
hand ordmate scale) 


Tlie effect of the concentration of BAT, on the 
mactii ation of the succmic oxidase system and of 
succmic dehydrogenase is shown m Fig 2 The m- 
ftctn ation of the succmic oxidase system mcreased 
■mth mcreasing concentration of BAL, foUowmg the 

n A T° ^ ^ amount of Oj consumed by the 

- durmg the period of the experiment (20 Tnm ) 
10 inlnbition of succmic dehv drogenase did not 
lower or, mcrease m the same way, the maximum 
m 11 ition was obtamed at mtermediate concentra 
tioiis, this effect bemg more marked when, m other 
avtienments, the tune of contact with the BAL was 
mcren^ The abo\ e findmgs are understandable m 
ew o he fact that the degree of the mlubition ol 
goxemed bj two factors, 
of n \T !n\ of tlie oxidation product 

U) the proportion of oxicLzed BAL to total 
Biochem 1942, 45 


BAL With mcreasmg mitial concentration of BAL, 
(1) mcreases while (2) decreases (see Table 3, the 
concentration of oxidized BAL after 20 mm can be 
taken to be approximately proportional to the 
amount of Oj consumed durmg the experiment) 

Table 3 Effect of concentration of BAJj on rate of 
oxygen uptake of BAJj tn presence of heart muscle 
and on the percentage of total BAB in the oxidized 
state after 20 min 


(Heart-muscle preparation (1 mL), total volume 2 ml , 


temp 39°, see 

also Fig 2 ) 


Percentage 
of total 


Imtial rate 

O3 absorbed 

BAL m 

BAL 

of oxidation 

m first 

oxidized 

concentration 

of BAL 

20 mm 

form after 

(M) 

(fj Oj/20 mm ) 

(fJ) 

20 mm 

0 00186 

49 

40 

92 

O 00372 

62 

60 

66 

0 00558 

85 

81 

61 

0 00774 

96 

88 

61 

0 0093 

102 

99 

47 

Table 4 Comparison of effect of BAL 

on succinic 

oxidase and succinic dehydrogenase 

systems in 

heart muscle and kidney preparations 



(‘General procedure’, see p 16, reaction tune, 20 mm , 
values for heart muscle are plotted m Fig 2 ) 


Inhibition (%) 

A 

Suoomio Sucouuo 


BAL 

concentration 

(M) 

oxidase 

dehydrogenase 

A 

Heart 

muscle 

Kidney 

Heart 

muscle 

\ 

Kidney 

0 00141 

29 

63 

14 

— 

0 00382 

64 

86 

16 

23 

0 0094 

93 

100 

6 

12 


Table 6 Effect of BAL under aerobic and anaerobic 
conditions on the succinic oxidase activity of heart 
muscle 


(Anaerobic treatment 1 ml of nndilnted heart-muscle 
preparation + 08 mL water were placed m a Thunberg tube 
and 0 2 mL 0 096 m BAL m the hollow stopper The air m 
the Thunberg tube was replaced by Oj free Nj, and, after 
the contents of the tube had been mixed with those of the 
hollow stopper, the tube was heated for 30 mm at 38° The 
tube was then cooled m ice, opened to air and 3 mL cold 
0 18m phosphate buffer qmokly added. After mixin g, 0 2 ml 
was pipetted mto a Barcroft flask and immediately dduted 
with 2 7 ml 0 18m phosphate buffer Aerobic treatment 
same quantities shaken with air at 38° for 30 min., then 
treated as above Control treated as ‘aerobic treatment’, 
but water replaced BAL 0 2 ml 0 004m BAL added to 
Barcroft flask used for measurement of enzvmic activity, 
in order to give same flnal concentration of BAL as m other 


flasks ) 


Anaerobic treatment 
Aerobic treatment 
Control 


O. uptake 
(fil jlO mm ) 
644 
1 2 
73 1 


Inhibition 

(%) 

12 

98 
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Thus there is a balance between these two opposing 
factors, with the result that the inhibition is optimal 
at intermediate concentrations of BAL 

The kidney preparation behaved essentially hke 
heart muscle except that it showed a greater 
suBceptibihty to low concentrations of BAL (Table 4) 
It was found that while BAL produced practically 
complete inhi bition under aerobic conditions, it pro 
duced very httle inhibition if its oxidation was 
prevented by wor kin g under anaerobic conditions 
(Table 6) Tlie shght inhibition under anaerobic 
conditions probably occurred durmg the final 
dilution, m air 

These experiments show that the effect of BAL on 
the succmic system is not due to BAL itself or to its 
oxidation product, but to BAL undergoing aerobic 
oxidation m the presence of the enzyme system 
Accordmgly, the oxidation of BAL m the presence 
of the heart muscle prepsnation was further studied 

Oxidation of BAL 

Tlie following observations (Table 6) showed that 
HjO, IS produced durmg the aerobic oxidation of 
BAL m buffer solutions (1) the total uptake of 
BAL m buffer solution was shghtly greater than the 
theoretical uptake, calculated from the equation 
2CH2OH CHSH CHjSH + Oj -y disulphide com 
pounds + 2H20, (2) this extra Oj was evolved if 
catalase was added after the solution had ceased to 
absorb Oj, (3) if catalase was present durmg the 
oxidation there was no subsequent evolution of O2 
on the addition of catalase 
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ethanol, and smce catalase does not do so unless 
HoOj 18 formed by some other reaction (Keilin & 
Hartree, 1946 c), it follows that H.Oj must have been 



Fig 3 Effect of catalase and ethanol on the Oj uptake of 
BAL + heart-muscle preparation All flasks contamed 1 ml 
heart-muscle preparation m a total volume of 2 ml BAL, 
0 0094 m, temp 37°, pH 7 1 A, no addition, B,2 6 x lO^M 
catalase, C, 40 mg ethanol, D, 2 6 x 10”*M catalase -t 
40 mg ethanol The horizontal arrow indicates the 
theoretical Oj uptake for the reaction 2BAL-‘-0,-i- 
BAL0x+2Hj0 The figures have been corrected for 
the endogenous respiration (see footnote to Table 6) 

produced durmg tlie oxidation of BAL m tlie presence 
of the heart muscle preparation Tlie necessity for 


Table 6 Oxygen uptake of BAL under various conditions 


(Enzyme preparation or phosphate buffer (0 06 u, 1 ml ) and BAL (18 6 /im=207/x1 Oj) m total vohuneof 2inL, temp 37°, 


catalase added from danghng tube after O. uptake ceased ) 

Imtial rate 
of Oj uptake 
(^/hr) 

Phosphate buffer 121 

Phosphate buffer -t- catalase* — • 

Heart-muscle preparationf 298 

Kidney preparation 230 


Final Oj 

0, evolved 
after addition 

Net Oj 


uptake 

of catalase 

uptake 

Net uptake 

(fd) 

(/d) 

(/il) 

(% theoretical) 

220 

8 

212 

102 

216 

0 

216 

104 

236 

0 

230 

114 

224 

— 

— 

— 


• 1 6 x 10-«M (mol wt =240,000) 

t These figures have been corrected for the slight endogenous respiration (probablj due to bacterial action) measured 
after the BAL was completely oxidized Treatment with f£e BAL considerably reduced the endogenous respiration 


In the presence of heart muscle preparation, the 
O2 uptake considerably exceeded the theoretical 
value, but there was no evolution of O2 on the sub 
sequent addition of catalase The formation of HjOj 
durmg the oxidation of BAL m the presence of heart 
muscle preparation was demonstrated by the 
addition of ethanol and catalase to the system 
(Fig 3) Whereas catalase or ethanol alone had httle 
effect on the oxidation of BAL, the rate of Oj uptake 
and the final uptake were considerably mcreased 
when both ethanol and catalase were added Smce 
the heart muscle preparation does not oxidize 


the addition of catalase as well as ethanol, even 
though the heart muscle preparation contains 
sufficient catalase to decompose HjO. immediately, 
IS understandable m view of the finding of Kedin 
& Hartree (1946 c) that larger concentrations of 
catalase are required for the peroxidatic than for the 
catalatic reaction of catalase The amount of catalase 
added was 300 times that present m the heart muscle 
preparation 

The fact that the Oj uptake of BAL m the presence 
of heart muscle preparation was greater than the 
theoretical value without any accumulation of H.Oi 
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at the end of the oxidation must moan that aomo 
substance (or substances) m the heart muscle pro 
paration ivas oxidized during the oxidation of the 
BAL 

Table 6 shovrs that tho rate of oxidation of BAL 
vros mcreased 2 5 times bj tho presence of tho 
heart muscle preparation, and doubled bj the pro 
sence of the kidnoj preparation Since Barron, 
jMiUer i& Kalmtskj (1947) hn\ o reported that copjier 
catalvses the oxidation of BAL, tho possibiht\ that 
tins mcreased rate of oxidation might be largoh duo 
to copper m the heart muscle preparation uas 
m\estigated It was found bj direct anah sis that 
the heart muscle preparation contained suflicicnt 
copper (4 2 X 10~® xi) to account for its cntalj’tic 
effect on the oxidation of BAL, pro\ idcd that this 
copper was as effeotu e as Cu'*'"^ ions added to the 
preparation 

Howexer, it is probable that the copper in tho 
heart muscle preparations does not arise from 
accidental contammation with Cu''~*' ions, but is m 
theformoffirmlj bound copper protein compounds, 
the axadabihty of tlus copper for tho cotaUtic 
oxidation of BAL is not knomi Further oxperi 
ments, described below , were designed to gi\ e more 
information of tlus pomt 


Mediamem of the effect of BAL on the succinic 
oxidase system 

It has been shown above that (1) BAL stronglj 
inhibits the succinic oxidase system only when it is 
oxidized by air m the presence of the cnzjTuo pro 
paration, and (2) some substance (or substances) m 
the heart muscle preparation is oxidized during tho 
process of oxidation of BAL m the presence of lieart 
muscle preparation It seems highly probable that 
BAL inhibits the succimo oxidase system by causing 
the oxidation of some substance (X) necessarj for tho 
actmty of the succimc oxidase system Two possible 
schemes (A and B) descnbmg this effect of BAL may 
be considered 

Accordmg to the first scheme (A), BAL is oxidized 
(bj copper catalysis) with the formation of oxidized 


BAL + O, 



oonemQ A 

BAL(BAL0x)andH,02 The latter may taker 

(l)catalaticde, 

tion by the catalase present m the heart n 


prcjiaration, (2) oxidation of more BiVL, (3) oxida 
tioii of the compound (X) ns well ns of somo other 
subslnuccs in tlio heart musclo preparation Tho 
lallcr reaction maj bo catah-sod by catalase In tho 
presence of ethanol nnd ndditioiial catalnso, a fourth 
reaction (showi b^ tho dotted lino in tho diagram) 
IS possible 

In the second schomo [B), BAL is oxidized by two 
competing reactions, ono m\ olving copper catalysis 
ns in Sehemo 1 nnd tho other in\ olving a directly 
coujilcd oxidation of BAL with X, in which re 
net ion freo H.O™ , able to react w itli catalnso, is not 
fonned In this enso, ns well ns in .Scheme A, tho 
H.O. formed b\ the copper catalj sod oxidation 
might niso oxidize other substances in tlio heart 
muscle preparntion 



Schemo B 


Either of these schemes could explam the de 
stniction of X, tho fnct that the 0^ uptake of BAL 
m tho presence of heart muscle preparation exceeds 
tho theoretical, nnd tho extra O™ uptake m the 
presence of ethanol nnd catalase For the sake of 
simplicity, a furtiior patliway of oxidation of BAL, 
VIZ tlirough cytoclirome c nnd cytoclirome oxidase, 
has been onutted from both schemes This reaction 
could not mvolve X nor could it contribute to the 
extra uptake of Oj , smee HjOj is not fonned durmg 
oxidation tlirough cytochrome oxidase It was 
calculated from the rate of reduction of the cyto 
chrome c m the heart muscle preparation by BAL 
imder anaerobic conditions (cf a similar calculation 
for ascorbic acid, Slater 1949 c) that the oxidation of 
BAL through cytoclirome c and cytochrome oxidase 
could account for no more than one quarter of the 
O 2 uptake catalysed by heart muscle BAL reduces 
cytochrome b, as well os cytoclirome c, but the 
rate of this reduction is so low (tune of half re 
duction about 30 mm ) that the rate of oxidation 
through cytoclirome b would be insignificant 

Wlien sufficient extra cvtochrome c is added, the 
oxidation tlirough the cytochrome oxidase system 
becomes the mam pathway (see p 22) 

2 2 
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The experiments, ■which ■will no^w be described, 
showed that Scheme A did not correctly express the 
reactions mvolved and that Scheme B ■was probably 
correct 

(1) Effect of hydrogen peroxide on the actimtiea of 
succinic dehydrogenase and the succinic oxidase 
system in heart muscle According to Scheme B, the 
destruction of AT is caused by a direct reaction ■with 
BAL (m the presence of O™) According to Scheme A, 
however, the destruction of X is not caused directly 
by BAL, but by HjOj produced by the oxidation of 
BAL If Scheme A is correct, it should be possible 
to obtam inhibitions of the same type as BAL by 
means of HjOj produced m a number of different 
ways Accordingly, the effects of two primary re 
actions which produce HjOj, ■viz d ammo acid 
oxidase, with dl alanme, dl methionme and d iso- 
leucme as substrates, and notatm (glucose oxidase) 
■with its substrate glucose, were studied The results, 
su mmar ized m Table 7, show that the d ammo acid 
oxidase s 5 rBtem produced very httle inhibition of the 
succmic oxidase system The notatm glucose system, 
on the other hand, caused some inhi bition, but, 
although the ra'te of Oj uptake (and therefore the rate 
of formation of HjOj) was m some experiments less 
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and m others much greater than m the experiments 
■with BAL, the greatest inhibition was only 40% 
The degree of inhibition seemed to be mdependent 
of the amount of notatm used These inhibitions of 
the succmic oxidase system were accompanied by 
smaller but considerable inhibitions of the succmic 
dehydrogenase The reason for the difference between 
the D ammo acid oxidase and the notatm glucose 
systems is considered below 

(2) Effect of catalase and ethanol on the inhibition 
of the succinic oxidase system prroduced by notatm 
glucose and by BAlL If the effect of BAL on the 
succmic oxidase S 5 rstem is due to the action on X of 
HjOj produced by the oxidation of BAL, as m 
Scheme A, the addition of catalase and ethanol 
would be e^cpected to protect X from o^adation and 
the succmic oxidase system from inhibition, the 
degree of protection depending upon the relative 
affimty of X and the catalase ethanol system for 
BI!202 Table 8 shows the effect of catalase and 
ethanol on the inhibition of succmic oxidase produced 
by notatm glucose and by BAL 

In the case of the notatm glucose system, the 
possible reactions are similar to Scheme A and, as 
would be expected, the addition of ethanol, by com 


Table 7 Effect of hydrogen peroxide produced by aerobic dehydrogenases and their substrates on the 
activities of the succinic oxidase system and of succinic dehydrogenase in heart-muscle preparation 

('General procedure’, see p 16) , reaction tune, 30 mm., D ammo acid oxidase = A. oxid ) 


Inhibition (%) 



Imtial rate 


A 


of 0 , uptake 

Succmio 

Succmic 

System producmg H 5 O 3 

(fJ./br) 

oxidase 

dehydrogenase 

A oxid (10 mg ) +DL alamne (3 mg )* 

210 

11 

— 

A o^ad (60 mg )• + DL-alamne (3 mg ) 

1000 

0 

0 

A. oxid (10 mg ) + DL-methiomne (6 mg ) 

480 

6 

6 

A oxid (10 mg ) +D isoleucme (2 4 mg ) 

38 

14 

0 

Notatm (6 gg ) + glucose (10 mg )* 

90 

38 

12 

Notatm (10 gg ) +glucose (10 mg ) 

190 

22 

12 

Notatm (26 gg )* +glucose (10 mg ) 

416 

38 

24 

Notatm (40 fig ) + glucose (10 mg ) 

670 

28 

17 

Notatm (60 gg ) +^ucose (lO mg ) 

660 

40 

12 

BAL(0 01 M) 

316 

98 

6 

* No inhibition by these substances alone 



Table 8 Effect of catalase and ethanol on the inhibition of the succinic oxidase system produced 

by notatm glucose and by BAL 


(‘ General procedure’, see p 16 ) 

Inhibition by 

A 



( 


Notatm 


0 0031m BAL, 

0 0094m BAB, 

(25 fig ) + glucose 


aotmg for 

acting for 

(10 mg ), actmg for 


20 min 

30 mm 

30 mm 

Addition 

(%) 

(%) 

(%) 

None 

63 

99 

37 

0 35 m Ethanol* 

66 

— 

26 

2 6 X 10"*M Catalase* 

63 

97 

61 

2 6 X 10”*M Catalase + 0 36 m ethanol 

69 

— 

40 

2 6 X 10^ M Catalase +0 09 m ethanol 

— 

99 



* Ko inhibition by these additions, m the absence of BAXi or notatm glucose 
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peting \vith X (this X ^^a^ not Imj tho same substnnco 
as X m Schomo B) for tho HjOj, gn^o a defimto 
protection Tho addition of ciitnlaso nlono can>^d 
a considerable mcrooso m tho inhibition, indicating 
that the reaction HjO.+X -^XO is catahsod bj 
catalase, iihcn tho latter is added in suflicient con 
centration Tho addition of othnnol nsi\ oil as cntalaso 
reduced tho inhibition m tho presence of catalase 
alone b\ about tho samo proportion as tho reduction 
of the uiliibition bj ethanol in tho absence of 
catalase Xeither ethanol nor catalase, nor tho two 
together, had these clTeots on tho inhibition caused 
b% BAL Thus ethanol, uliicli protected from tho 
notatm glucose niliibition, shghtU increased tho 
BAL inliibition, and catalase, mIiicIi considorablj 
increased the former, had no effect on tho latter 
This IS strong o\ndcnco that B A.L does not bcha\ o 
as m Scheme A The finding is, ho\\o\or, rcadilv 
understandable if Scliemo B correeth formulates tho 
reactions m\ ol\ ed Tho ethanol added m t ho presonco 
of catalase reacts ivitli some of tho H.O; produced 
by the copper catalj sed o-adalion of B AL This has 
the effect, howoi er, onlj of reducuig tho ON.tent of 
the other reactions of HjO. (osadntion of BAL, 
catalatic destruction), mtliout approciabU affecting 
the relatn e amounts of BAL oxidized bj' tho in o 
mam pathwaj’s suggested, and therefore without 
appreciably affectmg the destruction of X 
(3) Effect of pyruvatcontlicxnlnbUion ojthcsuccimc 
omdasc system produced by volatin glucose and by 
BAL It IS knowii from tho work of Holloman (1904) 
and Xegelein <L Bromel (1939) that pjTUMC acid 
reacts readily with HjO,, as follows 

CH, CO COOH+H.Oj-i-CH, COOH + COj + H.O 

Accordingly pjmvate would bo expected to act m 
the same way as catalase ethanol, i o to have a pro 
tective effect if X is oxidized accordmg to Scheme A , 
Md to have no effect if X is oxidized according to 
cheme B The figures m Table 9 show that pyruvate 

Table 9 Effect of pyruvate on the mhibitton of 
succinic oxidase system produced by nolahn-glucose 
(‘nd by BAL 


(‘ General procedure see p 16 ) 

Inhibition (%) 

— - 


Tyruvate added 

System causmg mhibiton 

Nil 

A 

0-02m 

0 1m 

0 0031m BAL, 20 mm 

0 0094m BAL, 30 mm. 

Mg ) + glucose 
(10 mg ), 30 mm 

63 

98 

37 

96 

46 

93 

16 


8^ e considerable protection to the succmic oxidase 
^tem against notatm glucose, but had veiy httle 
crvTini BAL mlubition, which confirms the 

- , arrived at above This finding also 

ms t le very small inhibition of succmic oxidase 


caused bj the D ammo acid oxidase system, smee 
tho a keto acid produced bj tho oxidation of the 
ammo ncid mil react watli tho HjOj also formed, by 
a reaction similar to that with pixuvato 

Thus it can bo concluded that, although H;0» 
produced by notatm and glucose does cause some 
inhibition of tho succmic oxidase system, the 
mechanism of this mlubition differs m several 
respects from that obtained by treatment with BAL 
These ob',cr\ations are to bo oxpootod from Scheme 
By but cannot bo oasilj oxplamod bj Scheme A 
There is, howo\or, one possibility which must be 
considered Smeo it is postulated that X is mvolved 
in tho succmic oxidase sjutom, it is probable that it 
exists in both an oxidized and a reduced form In the 
expenmonls with BAL, X w ould bo m the reduced 
form, while m those with notatm glucose it would 
bo m t ho oxidized form, and it is possible that reduced 
X 13 more susceptible to HjO. than is oxidized X 
Tins explanation was excluded by the experiment 
whieli w ill now bo desenbod 

(4) Effect of cupric ions on the inactivation caused 
by BAL Although copper itself inlubited tho succmic 
oxidase system, this w ns ontuoly pro\ onted by BAL, 
so that tho offoct of added copper on the mlubition 
caused bj BAL could be studied ^vlthout any com- 
plications ansmg from the direct effect of copper 
Under tho conditions of the experiment described 
m Table 10, 7 2 x 10 ~‘m Cu"*’’'' trebled the rate of 

Table 10 Effect of cupnc ions on the inhibition of the 
succmic oxidase system produced by BAL 

(Hcart-musclo preparation (2 ml ) , total volume 2 8 ml 
Reaction at 39'’ with shaking in presence of an, for 16 min., 

7 2 ml 0 18si phosphate buffer added and 0 2 ml samples 
used for measurements of enzymic activities ) 

Inhibition (%) 

A 

r 

Succmic Suocmio 
oxidaso dehydrogenase 

0 013m BiVL 91 13 

0013mBAL,7 2x10-‘mCu++ C6 41 

oxidation of BAL m the presence of heart muscle 
preparation The presence of Cu'*"*' m this concentra 
tion gave considerable protection to the succmic 
oxidase, while the inhibition of succmic dehydro 
genase was mcreased Tins extra inhibition of 
succmic dehydrogenase is probably partly due to 
the mcreased rate of production of HjOj and partly 
due to the mcreased rate of production of oxidized 
BAL The type of mlubition obtamed by treatment 
with BAL m the presence of Cu"*”*' somewhat re 
sembles that obtamed by treatment with notatm 
glucose It was found m another experiment, not 
shown m Table 10, that the eiddition of pyruvate 
gave some further protection of the succmic oxidase 
system m the presence oi BAL and Cu"*^ (cf Table 9) 
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These results would be expected if Scheme B 
correctly describes the reactions, smce the addition 
of copper would promote the copper-catalysed re- 
action and spare X. They cannot he explamed by 
Scheme A even if it is assumed that only reduced 
X IS susceptible to HjOo, m fact, according to this 
scheme increased inhibitions might be expected m 
the presence of Cu'^'*' 
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The addition of cytochrome c provides a third 
pathway for the oxidation of BAL, additional to 
those shown m Scheme B Smce HjOj is not formed 
durmg the oxidation of BAL by the cytochrome 
c cytochrome oxidase system, the oxidation of BAL 
by this pathway will lead to the theoretical 0, 
uptake for the reaction BAL -h iO * BAL Ox -(- HjO 
Figs 4 and 6 show, m fact, that with mcreasmg 
cytochrome c concentration, the total O 2 uptake 
decreases towards this theoretical figure It would 



Fig 4 0, uptake of BAL -I- heart-muscle preparation in the 
presence of vaiymg amounts of cytochrome c All flasks 
contamed 1 ml heart-muscle preparation m a total volume 
of 2 ml BAL, 0 0094m, temp 37'’,pH71 A, no addition, 
B, 1 7 X 10~®M cytochrome c, C, 3 3 x 10 “*m cytochrome 
c, B, 6 6 X 10 ““m cytochrome c, E, 13 3 x 10“'m oyto 
chrome c, F, 16 6 x 10"‘m cytochrome c The horizontal 
arrow indicates the theoretical Oj uptake for the reaction 
2 BAL -t- Oj B AT, Ox 2IIjO 

It can be concluded that the inhibition produced 
by BAL cannot be only, or even mamly, due to tbe 
H 2 O 2 produced by the oxidation of BAL, but must 
be caused by some other reaction, probably by the 
directly coupled oxidation (not mvolvmg free HjO*) 
of BAL with some substance or grouping necessary 
for the activity of the succimo oxidase system 

(6) The effect of cytochrome c on the inhibition of 
the succinic oxidase system produced by BAL As 
already explamed, the rate of reduction of the cyto 
chrome c present m the heart muscle preparation by 
the BAL IS msuSicient to allow an appreciable rate 
of oxidation of the BAL through the cytoclirome 
oxidase system, despite the great activity of the 
latter Added cytochrome c can, however, be rapidly 
reduced by the BAL and oxidized by the cytoclirome 
oxidase Thus, the rate of oxidation of the BAL was 
greatly mcreased by the addition of cytochrome c, 
the effect of mcreasmg amounts of which is shown m 
Figs 4 and 6 The mitial rate of Oj uptake m the 
presence of 16 6 x 10“®M cytochrome c is about 
5 tunes the rate m the absence of additional cyto 
chrome c 


Fig 6 Effect of concentration of cytochrome con imtial rate 
of oxidation of BAL (uptake of Oj m first 3 min ) and on 
total uptake Experimental conditions as m Fig 4 
A, uptake m first 3 mm , B, total uptake The horizontal 
arrow mdicates theoretical Oj uptake for the reaction 
2BAL -t- O 2 BAL Ox -f 2Hj0 

be expected, from these considerations, that the 
addition of cjdochrome c, by providing an additional 
pathway, not mvolvmg X, for the oxidation of BAL, 
would protect X from destruction This prediction is 
fulfilled by tbe figures m Table 11, which show that 


Table 1 1 Effect of added cytochrome con the 
inhibition by BAL of the succinic oxidase system 


(‘General procedure’, see p 16) 


Cytochrome 
c added 
(SI X 10-') 

None 
33 
66 
16 6 


Percentage inhibition by 


, \ 

0-0031 ST BAL (20 mm ) 0 0094 m BAL 

, * — , (30 mm ) 


Succinic 

Sncomic 

Succinic 

oxidase 

dehydrogenase 

oxidase 

(%) 

(%) 

(%) 

63 

13 

99 

37 

16 

— 

19 

— 

65 

0 

4 

— 


the addition of sufficient cytoclirome c gave complete 
protection of the succmio oxidase system against the 
action of BAL It should be mentioned at this stage 
that cytochrome c does not reverse the mactivntion 
caused by BAL when it is added after the treatment 
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with BAL Tlic fact that c\ tocliromc c also pro\ eut<Kl 
the small mlnbitiou of tlio rik cimc doh\ drogouaso 
occurring \mder the combtioiis of the cxiicrmicnt 
desenbod m Table 11 suggests that the inhibition of 
siiccimc dohj drogcnivse is canscil not onh h\ 
onebzed B \L, but also parlK b\ the H-O. produced 
bv the side reaction ui Scheme li 


Effect of BAL oil the ct/todiroinc oxida^tc acJnity 

Webb i, \ an HcjTiuigen ( ld-1 V) show ed (hat treat 
ment watli 0 005m BAL for 1 5 nun at 37'> did not 
affect the ci'tocliromo oxidase nctiMt\, measured 
b\ the rate of oxidation of catechol in t ho presence of 
excess cytocliromo c Smeo it has been shomi else 
where (Slater, 1949c) that catechol is not a sintablo 
reduemg agent for this measurement, it was con 
sideredneccssarj tore imostigate the effect of BAL, 
under the conditions used in the pro-ent stud% , on 
tlie cidochrome oxidase nctmtj of heart muscle 
preparation Tlio cj’tochrome oxidase actmtj was 
measured m 0 15m phosphate, the same concent ra 
tion os Used for the detennmation of the Buccmic 
oxidase actmtv, although this is not optimal for 
cytochrome oxidase nctn lU 


Table 12 Effect of treatment with BAL on the cijto 
iroinc oxidaec aetiiity of heart-muscle preparation 

{‘GcnDralproeedQrc',8ccp 13, 0 0094m BM 30 min ) 


Con 


Reducing 

agent 

Qmnol 

Ascorbic 

acid 


P Phenylene 
diamine 


Reducing Phosplmto 
agent con con 

ccntration centration 

P') (M) 

0 05 0 13 

0 025 0 15 

0-025 0 15 

0-023 0 13 

0 05 0 15 

0 03 015 

005 0 15 

0-05 0 15 

0 05 0 007 

0 05 0 089 

0 05 0 144 

0 05 0 401 

O-Oa 0 007 

0-06 0 089 

0 05 0 144 

0 05 0 401 

0 003 0 16 

0 0075 0 15 

0 02 0 15 

0 05 0 16 


ccntration 

of added Inliibition 


evto 

ofO. 

chrome c 

uptake 

(m X 1(F) 

(%) 

0 

11 

2 

13 

4 

11 

0 

13 

0 

32 

1 

20 

3 

19 

0 

10 

0 

3 

0 

10 

0 

17 

G 

25 

0 

20 

0 

24 

0 

36 

0 

18 

0 

22 

0 

31 

0 

39 

0 

42 


paratinn heart muscle or kidney 

the mhibitr 
the DmtJ* uxK^tion of qumol or of ascorbic at 

this smnU mb enzyme and cytochrome c, 
smaU mhibition was not affected by the 


ccntnitioii of added cytocliromo c (Tablo 12) How 
o\cr, mIiou p plionylonocbammo was the reduemg 
agent and heart nuisclo tho aourco of the enzyme, 
tlioro was a. coiisidomblo mbibition of the rate of 
oxidation m the absence of cytocliromo c, and, 
nltliough this w ns dccroascd by tlio addition of cjdo 
cliromo c, it w ns still considorablo m tlio prosonce of 
0 X lO'-M added c\ toclirorao c 
Tlio figures for p plicnt lenochamino are given 
graphicallj m Fig 0 In Fig 06, tho two Imos cross 
tho orduiato at tho samo point, i o at mfiruto cyto 
cliromo c concentration tho BAL treated heart 
musclo preparation has tlio samo cytochrome oxidaso 



1/c(n) 



Fig 0 (a) Effect of treatment inth BAL on the capacity of 
licart-rausclo preparation to catalyse the oxidation of 
p pbonylonediamine Heart-muacle preparation treated 
by ‘general procedure’ (p 16) for 30 mm at 38°, with 
shaking m tho presence of air, p phenylenediamme 
(0 06m), phosphate buffer (0 16m) 1, control, 2, treated 
with BAL (0 0094m) The curves have been extrapolated 
to tho abscissa bv assuming that the pomts faU on a 
rectangular hyperbola 

(6) Figures m [a) plotted accordmg to the procedure 
of Lmewoaver A Burk (1934) The distances OA and OB, 
found m (o), have been added to the concentration of 
added cydoohrome c 

activity as the control Treatment with BAL has, 
however, affected the catalytic activity of the added 
cytochrome c thus if (cyt c)j is the concentration of 
cytochrome c required for half maximal activity 
(Slater, 1949 c), l/(cyt c)| for the BAL treated 
preparation is 0 12xl(FM-h compared with 
0 166 X 10‘m~’^ for tho control Ithas also affected the 
catalytic activity of the endogenous cytochromo c 
Tlius the extrapolation m Fig 6 a shows that the 
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untreated preparation contains cytochrome c eqm- 
valent to 2 62 x lO”® m added cytochrome c, while the 
endogenous cytochrome c of the BAL treated pre 
paration is eqmvalent to 2 05 x 10 -'m added c 5 rto 
chrome c, but the added cytochrome c is only 
0 12/0 166 tunes as effective m the latter case com- 
pared with the control, i e the endogenous cyto 
chrome c of the BAL treated preparation is 
2 06/2 62 X 0 12/0 166 x 100 = 59 % as effective as 
that of the untreated preparation The actual 
amount of cytochrome c is unaffected by this treat- 
ment (see below) 

The findmg that BAL affects not the cytoclirome 
oxidase of the heart muscle preparation, but the 
catalytic activity of the added and the endogenous 
cytochrome c explains other conclusions drawn from 
Table 12 and additional experiments, viz — 

(1) The degree of inhibition was decreased by 
lowermg the concentration of enzyme while the con 
centration of added cytochrome c remamed constant 
Lowering the concentration of enzyme decreases 
the proportion of the oxidation proceeding through 
the endogenous cytochrome c, smce the amount of 
added cytochrome c approaches more closely to 
that required for maximum activity of the cyto 
chrome oxidase (Slater, 1949 c) 

(2) The degree of inhibition was decreased by 
lowermg the phosphate concentration, which has the 
same effect as reducmg the enzyme concentration 
(Slater, 1949 c) 

The catalytic activity of the endogenous cyto 
chrome c is dete rmin ed by two factors, viz ( 1 ) the 
accessibihty of p-phenylenediamme to this cyto 
chrome c, and ( 2 ) the accessibihty of the cytochrome 
c to the oxidase on the particles of the enzyme 
preparation The findin g (Table 12) that the degree 
of inhibition m the absence of added cytochrome 
c was decreased by lowermg the concentration of 
reducmg agent shows that it is ( 2 ) which is affected 
by the treatment with BAL At low p phenylene 
di amin e concentrations, the rate of reduction of 
cytochrome c becomes the limiting factor m both the 
control and BAL treated preparations, so that the 
unpairedrate of oxidation of the cytochrome c caused 
by the treatment with the BAL is masked 

Smce the effect of BAL on the rate of oxidation of 
p phenylenediamme is due, primarily, to an effect 
on the accessibihty of the endogenous cytochrome 
c of the heart muscle preparation to the cytochrome 
oxidase, it is not surpnsmg that the oxidation of 
ascorbic acid and qiimol are httle affected, smce the 
endogenous cytochrome c plays only a small part m 
the oxidation of these substances The inhibition of 
the oxidation of p-phenylenediamine disappears 
when sufficient cytochrome c is added, but it is 
mterestmg to find that the catalytic activity of the 
added cytochrome c is also affected by treatment 
with BAL Smce this was not the case when other 
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reducmg agents were used, it seems that this is due 
to an effect on the rate of reduction of the added 
cytochrome c (m the vicunty of the oxidase) by 
p phenylenediamme This is probably because the 
p-phenylenediamme cannot approach so closely to 
the cytochrome oxidase after treatment of the heart 
muscle preparation with BAL 

Thus the effect of treatment of the heart muscle 
preparation with BAL on the rate of oxidation of 
p phenylenediamme is due to em impairment of the 
accessibihty, both of the endogenous cytochrome 
c and of the p phenylenediamme, to the cytochrome 
oxidase 

Treatment of the heart-muscle preparation with 
BAL m the absence of au- had no effect on the power 
ofheart muscle preparation to catalyse the oxidation 
of p-phenylenediamme 

Identification of the BAL sensitive component of 
the succinic oxidase system 

(1) Spectroscopic observations No bands were 
observed when a heart muscle preparation, treated 
with 0 016m BAL for 30 mm at 37° with 
shaking m air, was placed m a test tube under 
a rmcrospectroscope After addmg succmate and 
aUowmg to stand, the bands of reduced cytochromes 
o-hOj, h and c all appeared When the mixture was 
then shaken for a few seconds, the 6 band remamed 
visible, but the o-foj and c bands disappeared and 
did not return until the mixture had b^n standing 
without shakmg for about 10 mm Thus, m the BAL- 
treated heart muscle preparation, the reduction of 
cytochrome b and the oxidation of cytochromes c and 
c - 1 - 03 were not affected, but the oxidation of cyto 
chrome b and the reduction of cytochromes 0 + O 3 
and c were greatly unpaired The cytochrome b 
could, however, be readily oxidized by methylene 
blue or by 2 6 dichlorophenohndophenol 

The positions and mtensities of the three bands of 
the reduced cytochromes after the addition of 
sodium dithiomte (NajS 303 ) were not affected by 
treatment with BAL, but the total protohaematm 
content of the heart muscle preparation, measured 
by the mtensity of the pyndme haemoohromogen 
band at 660-660 ray , was reduced by about 20 % by 
treatment with BAL (Table 13) It follows that 
some haematm compound, the spectrum of which 
IS not visible m the heart muscle preparation (Slater, 
1949o), is destroyed by the treatment with BAL 
The amount of haematm compound destroyed is 
about 30 % of the difference between the cytochrome 
b and total protohaematm contents, as calculated m 
the latter paper It is known that BAL has a de- 
structive effect on some haematm compounds Thus, 
Barron, LliUer & Kalmtsky (1947) have shown that 
haemoglobm is destroyed by treatment with BAL 
in the presence of air, and, m the present mvestiga 
tion, it was found that myoglobm was similarly 
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affected Tlus reaction is probabU csscntmllj tho 
same as that bet\\een haeraoglobui and anotlior 
reducmg agent, ascorbic acid, A\lnch has been 
studied m detail bj Lemberg, Lcgge Loclcw ood 
(1941) If this IS the case, tho product of tho coupled 
oxidation of the haematin compoimd unth tho BAL 
would be relatedto the bile pigments These pigments 
ha\ e onlj weak absorption bands, and, considering 
that the spectrum of tho haomatm compoimd is 
itself not iTsible, it is not surprising that no such bilo 
pigment could be detected spectroscopicalB 
Treatment with Na^S.O^ and piTidmo shifts tho 
a+Qjband from C03-C07 m;i to 5SO-390m/< , this 


and tho mhibition of tho succmic oxidase system 
This 18 most clearly seen m Exp 3, m which different 
concentrations of BAL uero employed Under the 
conditions of Exp 2, tho BAL was completely 
oxidi7cd m 25 mm Tho fact that tho reduction m 
mtcnsiU of tho band uas about tho same after 
00 mm treatment as after 10 mm shoivs that 
oxicbzcd BAL is not responsible for the destruction 
of tho hoematm compoimd This is supported by tho 
fiiidmg that another disidphido, oxidized glutathione, 
had no appreciable effect on tho hoematm content 
BAL imder anaerobic conditions did not cause any 
destruction of tho hoematm compound or mhibition 


Table 13 Dcslructtou of haaiiatin cotnpottnd in heart inttsclc preparation by treatment with BAL 
under tanous conditions and uith oxidized glutathione and notatin glucose 

(Destruction measured bv decrease ofmtcasiti of 550-500 m/i band produced b\ adding Na^S.Oj and p^rndmo to heart 
muscle preparation, 2 ml heart-muscle preparation in total \ olumc 2 4-2 8 ml Aerobic treatment m all expenments except 
for one marked* ) 






Destruction 

Inactivation 


Heart muscle 
preparation 

Treatment 

A 


of haematin 

rv/x Trt T\j*i 1 ri 

of succmio 

Exp no 


/ 

s 

UOLHJnjUIlU 

UAiUlUlU 

no 

Reagent 

Time (mm ) 

(% of total) 

(%) 

1 

20 

0 0035m B4L 

16 

42 

76 

0 

21 

0 0085 M BAL 

10 

10 





0 0085m BAL 

20 

21 

— 



0 0085 m BAL 

30 

23 

— 



0 00S5M BAL 

60 

IS 

— 

3 

21 

0 0039 m BAL 

15 

0 

37 



0 0077 m BAL 

15 

13 

73 



0 0165m BAL 

15 

16 

98 


% 

0 031m BiVL 

15 

21 

99 

4 

00 

O 013m BAL 

15 

16 

92 



0 013m BAL 

15* 

1 

0 

6 

22 

0-1m oxidized glutathione 

15 

0 

47t 



60 pg notatin, 

10 mg glucose 

30 

0 

12 

6 

23 

0 013m BAL 

16 

24 

100 

1 

27 

0bl67M BAL 

16 

14 

100 

8 

20 

0 0157m BAL 

16 

9 

100 


* Anaerobic treatment -f Inhibition of succime dehydrogenase, 34 % 


latter band is considerably weaker than the band at 
648-660 mp , and, m view of its proxumty to the 
atter, accurate measurements of its mtensity were 
difficult It IS not known, therefore, whether treat 
mentwithBALleads to any destruction of hoematm 
cornpounds which yield a pyndme haemoohromogen 
whh an absorption band m this position, i e those 
w ch contam the haem of cytochromes a-t-Oj, but 
ere was no weakening of the a+a^ band obtamed 
^ alone, which is consistent with the 

affe^d cytochrome oxidase activity was not 

•r, results m Table 13 show tliat the amount of 
tiAh labile haematin compound vanes from pre 

^tiontopreparation,butisusuallyabout 14-24% 

e figures further show some correlation between 
e egree of the reduction of mtensity of the band 


of the succmic oxidase system Notatm glucose had 
no measurable effect on the haematm compound 
There was no detectable destruction of the 648- 
660 Tap band m the case of the kidney preparation 
However, if the BAL labde haematm compound was 
present m tins preparation m about the same con 
centration relative to that m heart muscle, as are the 
cytocliromes, this compound would be such a small 
proportion of the total protohaematm content that 
its destruction would be hardly detected 

(2) Examination of possibility that the inactivation 
caused by BAL is due to purely physical factors Two 
possible explanations of the effect of BAL on the 
succmic oxidase system may be considered ( 1 ) Treat 
ment with BAL may so change the structure of the 
particles of the heart muscle preparation that, for 
purely physical reasons, the cytochrome 6 is no 
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longer accessible to the remainder of the system, but 
can be oxidized by the small molecule methylene 
blue (2) The substance destroyed by the BAL is 
actually a component of the sucomic oxidase system, 
required to transrmt electrons from cytochrome b to 
cytochrome c 

The nature of the inactivation of the sucomic 
oxidase system, which has all the characteristics of 
etn actual destruction of a substance, makes the 
second explanation more hkely In another paper 
(Slater, 19496), it is shown that inhibitors of the 
first type, i e those which act non speciflcally on 
the enzyme system by affecting the particles of 
the enzyme preparation, possess certam character- 
istics which enable them to be distinguished from 
the more specific inhibitors The non specific m 
hibitors (1) usually inhibit the cytochrome oxidase 
as well as the succmic oxidase system, (2) affect the 
succmic oxidase system to a greater extent if oyto 
chrome c is not added dunng the measurement of the 
enzyme activity, and (3) the inhibition is often 
reversed by calcium phosphate gel or denatured 
proteins The inhibition of the succmic oxidase 
system by BAL possesses none of these character 
istics The cytochrome oxidase activity is hardly 
affected , denatured globm, serum proteins or calcium 
phosphate gel do not reactivate the system after 
complete inliibition by the BAL and cytochrome 
c does not affect the inhibition, even in the pre 
sence of denatured globm (Table 14) It is. 
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oxidase is impaired after treatment with BAL, is 
mconsistent with this conclusion However, the 
effect on the accessibdity of cytochrome c to the 
oxidase is small compared with the complete m 
activation of the succmic oxidase system, and is 
probably secondary to it The destruction of the 
factor necessary for the reduction of cytochrome 
c by cytochrome b would make this step m the 
reaction sequence the rate determining reaction, so 
that addition of cytochrome c, although it could 
overcome the mmor effect on the oxidation of oyto 
chrome c, would have no effect on the degree of 
inhibition of the succmic oxidase activity 

Other attempts to reactivate the BAL xnactivated 
system 

In addition to the substances already mentioned 
(viz denatured globm, serum protems, calcium 
phosphate gel and cytochrome c), the following were 
found to be unable to reactivate the enzyme system 
after treatment with BAL catalase, Straub’s ‘SC 
factor’ (Straub, 1942, Keihn & Hartree, 1949, 
Slater, 19496), aqueous extract of mmced horse heart 
(rich m myoglobm), supernatant from the isoelectric 
precipitation of heart muscle extract m pho^hate 
buffer, and heart muscle preparation treated with 
sufficient p anunophenylarsenoxide to inhibit com 
pletely the succmic dehydrogenase activity It is 
shown elsewhere (Slater, 1949d)thatp ammophenyl- 
arsenoxide inhibits the succmic oxidase system by 


Table 14 Effect of cytochrome c (added after BAL treatment) on the degree of inactivation 
of the succinic oxidase system produced by BAL 


(Exp 1-3 heart-musole preparation, treated by ‘general procedure’, with 0 003 m BAL for 20 nun Exp 4 kidney 
preparation, treated by ‘General procedure’, with 0 0016 m BAL for 16 mm ) 


Snccmio oxidase activity 


Phosphate 

Globm 

Cytochrome c 

(fiL/10 mm ) 


concentration 

concentration 

concentration r 


— > , 

Inhibition 

(u) 

(%) 

(M X lO*) 

Control 

BAL- treated 

(%) 

0 14 

0 

0 

00 

43 

62 

0 14 

0 

4 

116 

67 

61 

0-14 

0 13 

0 

100 

69 

41 

0 14 

0 13 

4 

132 

80 

40 

0 16 

0 

0 

50 

18 

63 

0 16 

0 

4 

83 

30 

64 

0 03 

0 

0 

338 

32 

87 

0 03 

0 

4 

36 2 

64 

86 

0 10 

0 

0 

87 

40 

66 

0 10 

0 

1 

19 1 

76 

60 

0 10 

0 

2 

22 2 

10 0 

66 

010 

0 

6 

29 3 

83 

72 


therefore, concluded that the second explanation, 
VIZ that BAL destroys a component of the succmic 
oxidase system required to transmit electrons from 
cytochrome 6 to cytochrome c, is the correct one 
It might appear at first sight that the finding, from 
experiments with p phenylenediamme, that the 
nccessibihty of the endogenous cytochrome c to the 


oombmmg with the succmic dehydrogenase, thus, 
heart muscle preparation treated with the arsenical 
will probably stiU contam the factor hnkmg cyto 
chrome 6 with cytochrome c It is not surprising, 
however, that a heart muscle preparation treated 
with this arsemcal was unable to reactivate the 
enzyme system after treatment with BAL smoe the 
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inactive system, lackmg the factor but contammg 
the succmio dehydrogenase, and the inactive sj’stem 
which has this factor mtact but whoso succmio 
dehydrogenase is inhibited, would be on different 
particles and would be qmte maccessible to one 
another 

DISCUSSION’ 

There are four possible pathwaj’s for the oxidation 
of BAL m the presence of heart muscle preparation, 
viz by (1) Cu’*”'’ ions mtroduced durmg the prepara- 
tion or by the buffer solution , (2) copjier protem com- 
pounds, (3) cytoclirome c and oxidase, (4) the BAL- 
labde factor The actual proportion of the total 
oxidation passmg through the BAL labile factor, 
which IS the only pathway leadmg to the destruction 
of this factor, is not known, but it may be quite small 
which would explam why relatively largo concentra- 
tions of BAL are necessary to mactivate the succmic 
oxidase system 
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transfer of electrons from cytochrome b to cyto- 
chrome c 

The relationslups between this factor and the 
cjdooliromes are shown m Fig 7, the arrows showmg 
the direction of electron transfer It can be seen 
from tins diagram that the destruction of the factor 
would not affect the oxidation of succinate through 
methylene blue as earner, nor the oxidation of 
vanous reduemg agents through cytochrome c 
and cytochrome oxidase, but would completely 
prevent the transfer of electrons from cytochrome 
b to cytoclirome c and thence to molecular oxygen 
It has been shown previously (Slater, 1948) that 
treatment with BAL under conditions which caused 
complete mactivation of the succmic oxidase system, 
with about 10% inhibition of succmic dehydro 
genase, inlubited the activity of the system, measured 
anaerobically by the rate of reduction of potassium 
femcyanide, by 36 % This is probably because 
potassium femeyamde, with an oxidation reduction 
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‘Cytochrome oxidase’ 


Fig 7 The components of the succmio oxidase system 


Of the reduemg agents mentioned m Table 1, only 
AL has been studied mtensively It seems probable 
owever, that the mechanism of the action of the 
other SH compounds (except diethylditluocarba 
mate) and of ascorbic acid on the succmic oxidase 
^Btem IS similar to that of BAL Tlie larger mhibi 
ion of the succmic dehydrogenase found with 
Mcorbic acid compared with BAL may be due to the 
R n (F'o = 0 05 V , at pH 7 3, 30% 

^ protect the SH groups of succmic 
deh^ogenase from oxidation by H.Oj BAL with 
^ 0 of — 0 16 V at pH 7 0 (Barron, Miller & 

tsky, 1947) is more favourably situated m this 
greater inhibition with cysteme is 
pro a y related to the more rapid oxidation of this 
^mpound which rmglit be expected to behave in the 
way as BAL, if a shorter time of reaction were 


0 c lef findmg of tlus mvestigation is that 

ri 

j''® destruction, by directly com 

oxidation, of a factor which is necessary for 


potential (B^, = 0 41 V , at pH 7 3) much higher than 
that of sucemate ^fumarate {E'o = — 0 01 V , at 
pH 7 3) or of cytochrome 6 (15^=— 0 04 V, at 
pH 7 3), operates m part directly with cytochrome 
b or succinate (activated by the dehydrogenase), and 
m part through the BAL labile factor or the cyto 
chromes of higher oxidation reduction potential 
(Bj, of cjdochromo c=-f0 26V, of cytochrome 
o=-t-0 29V) Thus the destruction of the factor 
causes a partial, but not complete, inhibition of the 
rate of oxidation of sucemate by femeyamde 

It seems likely that this factor is a haematm 
compound The evidence for this is (1) the m- 
activation, which occurs only when the reducing 
agent is added to the enzyme preparation m the 
presence of air, bears a striking resemblance to the 
effect of reduemg agents on haemoglobm (Lemberg 
et al 1941), (2) BAL has been shown to destroy 
liaematm itself and haemoglobm (Barron, iMiller <L 
Kahutsky, 1947), myoglobm (this mvestigation) and 
the haematm enz5rmesperoxidase and catalase (Webb 
& van Heymngen, 1947, Lemberg A Foulkes, 1948), 
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■while glutatliione inhibits catalase (Marks, 1930), 
(3) quantitative measurements of the amount 
of haematm compounds m the heart muscle and 
kidney preparations suggest that these preparations 
contam haematm compounds, ■whose spectra are not 
■visible (Slater, 1949o) , (4) some protohaematm com 
pound IB destroyed by treatment of the heart muscle 
preparation ■with BAL, and the destruction of this 
compound is parallel to the inactivation of the 
succuuo oxidase system 

It is mteresting to note that the naturally occurnng 
haematm compounds fall mto two groups, acoordmg 
to the nature of their absorption spectra and their 
susceptibdity to reducmg agents, -viz — 

Group A peroxidase, catalase and methaemo 
globm , these compounds, whether m the feme or the 
ferrous state, possess rather weak absorption bands 
They are destroyed by reducmg agents m the 
presence of air 

Group B cytochromes 6, c, o, , these compounds 
possess haemochromogen spectra, i e strong bands 
m the ferrous state, weak bands m the feme state 
They are not affected by reducmg agents 

Accordmg 'to this classification, the factor m the 
Buccmic oxidase system belongs to Group A 

Keihn & Hartree (1949) have suggested that this 
factor might be related to cytochrome Cj, which, 
according to Yakushqi & Okuniki (1940), acts 
between cytochromes b and c m the sucomic oxidase 
system However, it has been shown m another 
study (Slater, 1949e) that the evidence for the 
existence of cytochrome is unsatisfactory 

The possibihty should be considered that the 
action of the BAL is not on an additional factor, but 
on oytoclirome b itself This could be the case, only 
if the BAL affects the cytochrome 6 m such a way 
that its absorption spectrum is unaltered and its 
reduction is unaffected, but it can no longer be oxi- 
dized This possibihty, itself extremely unlikely, is 
disproved, first, by the eindence that cytochrome b 
IS apart of, ifnot identical ■with, succmic dehydrogen- 
ase (see Slater, 1949 a) and, secondly, by the observa- 
tion that, after the trea'tment ■with BAL, the cyto- 
chrome b could still be readily oxidized by dyestuEfe 

A consideration of the oxidation reduction 
potentials of the kno-wn hydrogen and electron 
earners reveals that there is a big gap m potential 
between cytochrome b and c The findmg of a factor 
wluch operates between these two cytochromes 
narrows tlus gap This factor does not account for all 
the protohaematm foimd m tissue preparations, and 
it 18 possible that some other haematm compound is 
also mvolved m the sucomic oxidase system 

The question must now be considered whether the 
factor operates only m the succuuo oxidase system 
or IS a catalyst m the mam path'way of respuatory 
catal'VBis If cytochrome 6 is a catalyst m the main 
path'waj , it follows that the factor must be a 
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respiratory catalyst concerned m the oxidation of 
most substrates If, however, as is possible, cyto 
chrome b is concerned only m the oxidation of 
sucemate, the factor may either be m the mam 
pathway between diaphorase and cytochrome c, or, 
like cytochrome b, be concerned only ■with the 
oxidation of sucemate and not ■with that of those 
substra'bes which act through the mcotmamide 
nucleotides and diaphorase It is kno'wn that pure 
cytochrome c cannot be reduced by pure diaphorase 
(Lockhart & Potter, 1941) It is not unlikely that the 
factor required for the reduction of cytochrome c by 
cytochrome b is also required, either alone or m 
conjunction -with cytochrome b, for the reduction of 
cytochrome c by diaphorase This can only be decided 
by further experiments, which are m progress 
Another dehydrogenase which, like sucomic de- 
hydrogenase, reacts ■with the cytochromes ■without 
the mtervention of the mcotmamide nucleotides or 
diaphorase, is the lactic dehydrogenase of yeast 
which IS probably identical with cytochrome 6j, 
a haematm compound, whose spectrum is not insible 
m yeast, but which was obtamed m a concentrated 
form by Bach et al (1946) These authors showed 
that the rapid reduction of cjdochrome c by cyto 
chrome required an additional factor (A), which is 
removed m the purification and which is not 
required for the reduction of methylene blue It is 
possible that this factor (X) is the same as, or closely 
related to, the factor imder consideration There is, 
indeed, some evidence m the literature that yeast 
contains a respiratory catalyst, which is sensitive to 
thiols (Quastel & I^eatley, 1932, Runnstrom & 
Sperber, 1938, Cook & Pensutti, 1947) 
p Phenylenediamme differs from the other re 
duemg agents used m the estimation of cytochrome 
oxidase actmty, first, by bemg more accessible to 
the endogenous cytochrome c of the enzyme pre 
paration, and, secondly, by bemg more accessible to 
added cytochrome c m the 'vicmity of the oxidase 
(Slater, 1949c) The latter, but probably not the 
former, is affected by treatment ■with BAL The 
reason for tins difference m behamour of p pheny- 
lenediamme is unknown Smee treatment ■with BAL 
destroys a factor necessary for the reduction of cyto 
chrome c by cytochrome b, the possibility that this 
factor catalyses the reduction of cytoclirome c by 
p phenylenediamme should be considered However, 
the following e'vidence is strongly agamst this mew 
(1) the mam reason for the inhibition of thop pheny 
lenediamme oxidation is not an inhibition of the 
rate of reduction of cytochrome c by p phenylene 
diamme, but an effect on the accessibdity of this 
cytochrome c to the oxidase (i e on its rate of 
oxidation) , (2)treatment ■with BAL under conditions 
which completely mactivated the succmic oxidase 
system inhibited the rate of oxidation of p pheny 
lenediamme by only 30—40 % 
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Several workers (see Table 16) ha\e reported 
inlubitors which affect the complete succmic ovidase 
system much more markedly than the succiruc do 
hydrogenose and cytoclirome o-vidose portions 
These inhibitors may be of two tj’pes, viz (1) those 
which react specifically with the factor which Imka 
the succmic dehydrogenase to the cytochrome 
oxidase, and (2) those winch act non specifically on 
the enzyme sy^stem, by affectmg tlie mutual ac- 
cessibflity of the components, on the particles of 
the enzyme preparation 

Table 16 lists these mhibitors, together with their 
probable mode of action, which has been mvestigated 
thoroughly m the case of only the first tliree m- 


active cheimcaUy, but is strongly adsorbed on 
protem films (Rideal & Shuhnan, 1939) It is clear 
that further work is required to elucidate the 
mechanism of the action of these mterestmg new 
inlubitors mtroduced by BaU et al (1947) and Case 
& Dickens (1948) Them findings reported to date, 
like those of Hopkms et al (1939), Stem &Mehuck 
(1939), Straub (1942), and Stoppam (1947) (see 
p 14, andKeilm &Hartree, 1949) do not, m them- 
selves, promde any endence for the existence of a 
factor between the dehydrogenase and cytoclmome 
oxidase The reducmg agents (m the presence of am) 
studied m the present paper remam as the only sub 
stances known at present to mactivate the factor 


Table 16 Inhibitors of succinic oondasc system which inhibit complete system 
more than succinic dehydrogenase or the cytochrome oxidase 


Inhibitor 


Reference 


Probable mechanism of action 


Bile Balts 

Laser’s haemolytic substance (Laser 
£ Pnedmann, 1945) 

Reducing agents + oxygen 
Oxidizing agents 
p Chloromercunbenzoate 
Fluonde 
Pyocyamne 

2- Hydroxy 3 alkyl 1 4-napbthaquinone3 
4 4' Dihydroxystilbene 


Straub (1042), Keibn L Hartree 
(1949), Slater (19496) 

Slater (19496) 

Present paper 
Slater (1949d) 

Slater (1949<i) 

Borei (1946) 

Kedin i- Hartree (1940) 
Balletol (1947) 

Case & Dickons (1948) 


Non qieoifio 
Non Bpeciiio 

Destruction of component 
Destruction of component (?) 
Non specific (?) 

? 

? 

? 

? 


hibitora In another paper (Slater, 1949d), reasons 
given for beheving that oxidizing agents and 
p chloromercunbenzoate act m the manner de- 
scribed, these inhibitors have not, however, been 
^died m detail It is impossible to decide, on the 
basis of the available evidence, the mode of action 
of fluonde or pyocyamne It is qmte possible that 
uonde combmes with the BAL labile factor, with 
tvhich tile present paper is concerned, smee there is 
evidence that this factor is a haematm compound 
and many haematm compounds combme with 
fluonde 


Both BaU et al (1947) and Case & Dickens (19 
beheve that the compounds which they stud 
^ factor h nkin g the succmic dehydrogem 
^th the cytochrome oxidase, but the altemat 
ypothesis has not been mvestigated by th 
■'rorkers Indeed, there is reason to beheve that 1 
^P ^aqumones might act non specificaUy, su 
, ^ y'^®^y^^phthaqumones with long ahpha 
ide chains were effective mhibitors The length of 1 
, ^ ^fic side cham could not appreciably affect 1 
emcal properties of a naphthaqumone, but woi 
ro oundly affect its physical properties The f 
a succmic dehydrogenase was inhibited to 
am extent by these compounds is also m agr 
R,J?i mterpretation (cf Slater, 1949 

Rtufl ^ ^ Bihydroxystilbene, the oompou 
y Case &, Dickens (1948), is not very 


SUMMARY 

1 The succmic oxidase system of heart muscle 
and kidney preparations is mactivated by treat 
ment with a number of reducmg agents m the 
presence of air Under certam conditions, many of 
these reducing agents have httle effect on the 
succmic dehydrogenase 

2 BAL has two qmte distmct effects (o) com- 
plete mactivation of the succmic oxidase system, 
without any effect on the succmic dehydrogenase, 
(6) a partial inhibition of succmic dehydrogenase, 
which does not occur until more than half the BAL 
has been oxidized The latter inhibition is probably 
due to oxidation of SH groups The former inhibition 
was studied m detail 

3 Oxidized BAL inhibited the succmic oxidase 
system much less than BAL, while no inhibition 
occurred if the enzyme preparation was treated with 
BAT, under anaerobic conditions 

4 HjOj IS produced durmg the oxidation of BAL 
in buffer solution or m the presence of heart muscle 
preparation Some substance (or substances) is 
oxidized durmg treatment of heart muscle prepara 
tion with BAL m the presence of air 

6 HjOj produced by notatm glucose and by 
D ammo acid oxidase and its substrates had a much 
less pronounced effect on the succmic oxidase system 
than BAL Inlubition by these substances was 
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increased by catalase and decreased by etbemol and 
pyruvate Catalase, ethanol and pyruvate had no 
effect on the inhibition of the system caused by BAT, 

6 The addition of copper, which mcreased the 
rate of oxidation of B AL, decreased the inactivation 
of the succmic oxidase system, but mcreased that of 
succmic dehydrogenase 

7 It IS concluded that the inhibition produced by 
BAL IS not due to the H2O3 formed durmg the 
oxidation of BAL, but is caused by the directly 
coupled oxidation of BAL, not mvolvmg free HjOj, 
with some substance or grouping necessary for the 
activity of the succmic oxidase S3mtem 

8 Tile presence of cytochrome c, durmg the treat 
ment of the enzyme with the BAL, prevented the 
mactivation of the enzyme 

9 Treatment with BAL does not affect the true 
cytochrome oxidase activity 

1 0 Treatment with BAL did not destroy the cyto - 
chromes , a protohaematm compound, amountmg to 
about 20 % of the total protohaematm content of the 
heart muscle preparation, was, however destroyed 
by this treatment There was some correlation 


1949 

between the amount of haematm compound des 
troyed and the degree of mactivation of the succmic 
oxidase system when different concentrations of BAL 
were allowed to act on the enzyme for various tunes 

11 Treatment with BAL caused an impairment 
of the oxidation of cytochrome b by cytochrome c 
The cytochrome b could, however, be oxidized by 
methylene blue or dichlorophenohndophenol 

12 Evidence is presented m favour of the view 
that BAL affects the succmic oxidase system by 
destroymg a component of the succmic oxidase 
system required for the transmission of electrons 
between cytochrome b and cytocluome c 

13 The component of the succmic oxidase 
system, which is destroyed by the treatment with 
the BAL, IS probably the same as the haematm 
compound destroyed by the same treatment 

I irould hke to express my deep appreciation of the interest 
taken by Prof D Kedm, FRS , and for his stunidatmg 
suggestions throughout the course of this mvestigation 
I would also hke to thank Dr E E Hartree for supplying the 
catalase and d ammo acid oxidase and for many valuable 
suggestions, and the British C!ouncil for a scholarship 
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Addendum (16 June 1949) 

It has now been found (Slater 1949/) that the resprra for this oxjdation) Thus, the factor Imks the succmic 
torv catalyst discussed m this paper is also necessary for oxidase and dihydrocozymase oxidase systems and ena es 
the oxidation of dihydrocozymase, acting between dia the anaerobic oxidation of dibydrocozymase by famara e 
phorase and cytochrome c (cytochrome 6 is not required 
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Dental enamel is the structure 'which is first exposed 
to the attack of dental canes, and the success or 
failure of this attack depends on many factors, 
among them the chemical nature and structure of 
the enamel Some authors (Pmeus, 1939, Gottheb, 
1947) go 60 far as to postulate that the canes process 
IB mitiall'v a proteol5dic one In tliis connexion the 
nitrogenous matenal of enamel is of mterest 
Tlie object of the present experiments 'was to 
estimate the mtrogen content of enamel on samples 
of matenal •which ■were representative of the mam 
enamel mass and uncontammated by dentme 
Enamel is firmly attached to the underlymg dentme 
which contains about 3 6 % mtrogen compared ■with 
about 016% m enamel On these figures, even 
a 2 % dentme impunty would mcrease the enamel 
mtrogen by about 60 % 


JEETHOD 

The following methods are available for the preparation of 
enamel samples (i) The enamel may be ground off 'with van 
ons cutting instruments With this method, apart finm the 
ifficnlty m judging when the dentme is about to be exposed, 
ere must always be a vanable amount of enamel attached 
to underlying dentme which is not taken for analysis 
(u) The dentme may be removed finm the inside ■with burs, 
^ving a hollow enamel cap (m) The whole calcified crown 
0 the tooth may be removed and powdered, and the dentme 
an enamel separated by a flotation method relying on the 
Qiffereneeofdensity between the two materials This method 
was used by Manley i, Hodge (1939), who claimed for it an 
4%, butalossof enamel of9 3% Since 
fiaction is necessarily shghtly less dense than the 
remamder, it is probable that it contains proportionally more 
cyanic material, so that the mtrogen loss may be con 
siderably more than 9 3% of the total 
Method (u) was considered the most rehable The teeth 
m the first part of the mveatigation were sound pre 
fflo rs which had been extracted for orthodontao purposes 
irom patients not more than 16 yr old The teeth were 
% ®thonoland thoroughly scraped and brushed 
n a at e with pumice jiowdor before use The cro'wns were 
cu removed and dentme burred out lea'vmg a hollow 
enamel cap ® 

roMd burs of graded size, dentme was removed 
P* y and completely The matt appearance of dentme, 
mpa^ -nitlj shmy undersurface of the enamel 
madc*^ change m burring sound and resistance, 

detc 1 amelo dentinal junction easily 

thpoo f * Tliere was small nsk of removing enamel with 
UTS ns V ery hght pressure was used 


For each batch the enamel from 6 to 10 crowns was 
crushed m a diamond mortar to a powder which would pass 
a 60 mesh sieve The purity of the powder was tested by the 
method desenbed by Slanley & Hodge (1939), relymg on the 
different refiractive mdices of enamel and dentme With this 
method it was possible to recogmze under the microscope 
particles of dentme m a field of enamel particles Tests ■were 
made on every batch ond never more than three dentme 
particles per thousand enamel particles were found. The 
powder was then divided into three samples of between 600 
and 700 mg dried to constant weight at 106—110° and each 
sample was transferred to a 100 ml Kjeldahl digestion flask 
containing 7 ml of HCI (1 vol cone HCl plus 4 vol water) 
to dissolve the calcified matenal Digestion with conoen 
trated H jSOj, using the catalyst of ChibnaU, Bees & Wilhams 
(1943), ■was earned out for 11 hr The NHj was steam- 
distalled mto 1% (w/v) bone acid and titrated with 
0 01 N HCl, using the methyl red methylene blue mdicator 
mixture of Pierre, TuUy i- Ashbum (quoted by Bntton, 
1942) 

It ■was thought that the presence of CaSOi in the digest 
might mterfere ■with the recovery of the NHj To test this 
pomt estimations were earned out on egg albumm solutions 
m the absence and presence of CaS 04 The results given below 
showed that there ■was no mterference (Sample 1 without 
CaSOj, 0 119 mg fl , with CaSO^, 0 118 mg /I Sample 2 
without CaSOi, 0 122 mg /I , with CaS 04 , 0 122 mg of N/L) 


RESULTS 


Table 1 shows the nitrogen content of ten batches of 
enamel In all cases except two the values given are 
the means of estimations on three samples of a batch 
of enamel obtamed by poohng 6-10 crowns Wide 
variation is shown about the mean of 0 071g /lOOg 


Table 1 Nitrogen content of dental enamel taken 
from (a) sound young prcmolars and (b) sound teeth 
from patients in higher age groups 


N (g /lOO g enamel) 

Orthodontic e'vtraotiona Canes resistant 
(under 17 yr of age) older age groups 


0 110 
0 052 
0-078 
0 097 
0 059 
0 072 
0 056 
0 062 
0 062 
0 059 


0-071 
0-086 
0 069 
0 102 
0 137 
0-099 
0-062 
0 058 
0 077 
0 065 


Meanisn OOTliOOlS 


0 083±0-021 
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enamel, and this is expressed by the standard 
deviation of ± 0 016 g /lOO g 

A second senes of estimations was conducted on 
teeth which had resisted caries The teeth used were 
sound premolars extracted because of paradontal 
disease or to clear an otherwise empty mouth, and 
came from the higher age groups The values, agam 
the means of three samples, are also shown m Table 1 
With a mean of 0 083g /lOO g enamel, and standard 
deviation of ± 0 021 g /lOO g there is no statistically 
significant difference between the mtrogen content 
of this enamel and that of the first series 

DISCUSSION 

The values for enamel mtrogen found m the expen 
ments reported here are lower than most reported to 
date Bowes & Murray (1936) found 0 166% m 
enamel separated by gnndmg it from the surface of 
the dentme Deakms & Volker (1941) used the 
dotation method for separatmg enamel and dentme 
From their figures expressed as protem with a 
mtrogen content assumed to be 16% the range of 
mtrogen values was found to be 0 07 S-0 31 % It is 
considered that the low results given m the present 
paper were obtamed by reducmg the dentme 
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impunty to a minimum A simple comparison 
between the enamel-mtrogen content of the two 
groups of teeth gives httle information In this 
senes at least two vanants may operate First, there 
IS the possibihty that age changes may mfiuenoe 
mtrogen content Secondly, on the basis of a proteo 
lytic theory of dental canes there is a possible 
relationslup between mtrogen content and canes 
susceptibihty Although the second senes of estuna 
tions were conducted on teeth of proven caries 
resistance, the orthodontic premolars were of un 
known susceptibihty to canes, some would have 
sumved, others would have succumbed Further 
work IS necessary to test the effect of these and other 
vanants on enamel mtrogen values 

SUMMARY 

Nitrogen estimations earned out on the carefully sep 
arated enamel of sound premolar teeth give a mean 
value of 0 071 ± 0 016 % for the age group up to 16 
yearsandO 083 ± 0 021 %for older age groups These 
values are lower than those previously reported 

My thanks are due to Dr Agnes Shore, Prof V? R 
SpnrreU and Prof M A. Rnshton for much helpful adnoe 
and criticism 
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A close mterrelationship of vit amins of the B group 
may be expected, smee they are fundamental to aU 
forms of life, and are the contro llin g factors m the 
cham of oxidative removal of certam metabohtes 
Definite mterrelationships among these intamms 
have been established by mvestigations on human 
subjects and on animals The treatment of multiple 
deficiencies m man with aneiirm alone results m the 
development of pellagrous s kin changes winch dis 
appear on administration of either mootmic acid or 

Freaent address Bombay Mumcipahty, Gnuokshank 
Road Bombay 


yeast (Lelmann & Nielsen, 1939, Salvesen, 1940, 
Braendstrup, 1940) Sydenstnker (1941) pointed out 
that, m deficiencies of the individual vitamins of tlie 
B group, treatment with one \utamm may be rapidly 
followed by the de\elopment of severe signs of 
deficiencies of others KIopp, Abels & Rhoads ( 1 943 ) 
found no clmical signs of nboflavm deficiencji m 
subjects on normal diets recei\Tng large doses of 
aneurm, but found an mcreased urmary excretion of 
nboflavm Increased excretion of nbofla\Tn m the 
urme m chrome and acute aneunn deficiencies was 
observed by Sure (1944) Unna Clark (1942) were 
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unable to shovr that administration of large amounts 
of the mdividual vitamins of the B group to rata 
deficient in one or more ntarmns of this group 
aggravated symptoms of the specific defici 6 nc 3 ’' 
Sure & Ford (1942) observed a marked drop m the 
aneurm and riboflavin concentrations of organs and 
tissues of rats deprived of aneurm, -while m nbo 
fla-vm deficiency a drop m nbofla-vm content only 
■was observed Further, deprivation of aneurm 
mterfered -with nbofla-vm utilization, depnvation 
of nboflavm did not affect the utdization of aneurm 
The efficiency of utilization of aneurm and nbofla-vm 
-was also affected m deficiencies of these two -vitamins 
(Sure & Ford, 1943) Similar studies (Russell & 
Nasset, 1941) mdicated that pantothemc acid may 
play a role m the absorption of other B mtamms 
The nboflavm concentration m the livers of rats 
deficient m one or more of the B -vitamins moreased 
durmg digestion and assnmlation as a result of 
mobilization from other tissues (Supplee, Jensen, 
Bender & Kalilenberg, 1942) Pantothemc acid had 
a direct and specific function m this mobihzation 
Aneurm depletion was shown to dimmish the process, 
while pyndoxme exerted no influence Smgher, 
Kensler, Levy, Poore, Rhoads & IJnna (1944) have 
reported an mcrease m nbofla-vm concentration m 
the hvers of aneurm depleted rats, and an mcrease 
m aneurm concentration m the hvers of nboflavm- 
deficient rats 


The present mvestigation was undertaken m order 
to study mterrelationships among certam vitamins 
® group m aneurm, nboflavm and biotm 
eficiencies, and, secondly to find out whether these 
interrelationships hold good -with enzymes, the 
prosthetic group of which is one or other of the 
-vitainms The enzymes selected for this study were 


described by Potter io Elvehjem (1936), kept cool by ice 
water The homogenized solution -was passed through fine 
doth and the residue homogenized agnm Fmal volumes of 
the suspension were so adjusted that 1 ml contamed 100 mg 
of the wet tissue The suspension was kept m ice between 
experiments and only used durmg the day of its preparation 
The hearts of a number of rats were pooled to obtam enough 
suspension for a set of experiments In every experiment 
the weight of the dned tissue -was determmed 

General methods Livers from the experimental and control 
rats -were used for the estimation of -vitamina Aneurm was 
estimated by a thioohrome method (Bhagvat, 1943), nbo 
flavm fluomnetncally and mcotmic acid by the cyanogen 
bromide method of Swammathan (1942o, 5) 

The activities of the enzymes, aldehvde oxidase, lactio 
and succmic dehydrogenases, were estimated by the method 
of Thunberg (1920) -with methylene blue as the hydrogen 
acceptor The reactions were earned out at 37° in ordinary 
test tubes mto which purified melted vasehne was poured 
over the reaction mixture Owmg to the absence of Thun 
berg tubes due to war conditions, it -was necessary to devise 
an alternative teohmque to obtam anaerobic conditions 
Vanons methods were tned, the most reproducible results 
bemg obtamed with melted vasehne, which sohdified m a 
few seconds and acted as a seal, thereby establishing 
anaerobic conditions The results of this teclmique were 
comparable -with those obtamed when Thunberg tubes were 
used The different solutions were added m the order sub 
strate, KCN, buffer, -water, enzyme suspension and methy 
lene blue The tubes were shaken, and after the addition of 
melted vasehne were left at 37° The time required for the 
decolonzation of methylene blue -was noted Experiments 
were always set up m dupheate and -with proper controls 
The activity of the enzyme is expressed by the volume of 
0, (m gl ) eqmvalent to methylene blue reduced m the 
presence of substrate m 1 hr by 1 mg of dried tissue 
Prehmmary trials were earned out to find out the optimum 
conditions for the activity of the -vanons enzymes The 
relative amounts of the substrate, enzyme and methylene 
blue used m these studies are given m Table 1 


Table 1 Optimum conditxona for measurement of enzyme activities 



K.CN 

Methylene 



buffer 

Fmal 

Suspension 

m/16 

blue 


Water 

(pH 7 4) 

volume 

(ml) 

(ml) 

(0 1%) (ml) 

Substrate 

(mb) 

(ml) 

(ml ) 

1 

— 

04 

0 1 ml M acetaldehyde 

06 

1 0 

3 

1 

04 

02 

0 1 ml M sodium lactate 

03 

1 0 

3 

0 6 

— 

02 

0 2 mb M sodium succinate 

21 

1 0 

4 


Enzyme 

^dehyde oxidase 
^ctio dehydrogenase 
Suooimc dehydrogenase 


„ unu iiieiacoic ana 

uccinic deliydrogenases The effect of deficiency of 

net ^ ™®nibers of the B group of -vitamins on the 
nn les of these enzjunes has been mvestigated 

EXPEREMENTAL 

Estimation of enzymic activity of tissues 

andhmnTf^ The organs (hver, kidney 

So ™ts (rats wSe kiUed a blow 

«>ld 0 1 V ground m an ice cold mortar -with 

--3 mm m a homogenizer of the type 
Biochcm 1949, 45 


KCN waB incorporated m the lactic dehydrogenase system 
to prevent inhi bition of this emyine by pyruvic acid, formed 
by oxidation (Green Brosteanx, 1936) 

The activity of the pyruvio oxidase was determined by the 
ability of the tissue to oxidize pyruvio acid in viiro The 
homogenized tissue suspension (1 mb) was meubated with 
50 mg of pyruvio acid at 37° for 1 hr The pyruvic acid 
remammg in the reaction mixture was estimated by the 
method of Lu (1939) The results are expressed as mg of 
pVTUvic acid removed by 100 mg dried tissue in 1 hr 

Ajiivial experiments 

Young rats weighing 45-65 g were caged mdividually 
over a wide mesh screening and were fed ad Ub on the 

3 
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Aneunn 


Riboflavm r- 


A 



deficient 


deficient Experimental 

Control 

Component 


(%) 


(%) 

(%) 

(%) 

Sucrose (punfied) 


68 0 


68 0 

640 

640 

Coeem (punfied) 


18 0 


18 0 

16 0 

16 0 

Salt mixture* (of McCollum L Davis, 1913) 4 0 


40 

40 

40 

Autoclaved brewer’s yeast 


10 0 


Nd 

Nd 

Nd 

Alkah autoclaved brewer’s yeast 

Nd 


10 0 

Nd 

Nd 

Dned raw egg white 


Nd 


Nd 

16 0 

Nd 

Dned autoclaved egg white 

Nd 


Nd 

Nd 

16 0 

GingeUy od 


80 


80 

80 

80 

DnSi ox hver 


Nd 


Nd 

20 

20 

Shark hver od 


20 


20 

20 

20 



100 0 


100-0 

100 0 

100 0 



Vitamm supplements/rat/day 




Aneunn deficient (pg ) 

A 

Riboflann deficient (pg ) 

A 

Biotm 

deficient (pg ) 

A 

r 

Control 

Experimental 

/ 

Control 

Experimental 

Control 

Experimental 

Aneunn 

6 

Nd 

20 

20 

20 

20 

Riboflavm 

Nu 

Nd 

46 

Nd 

46 

45 

Pantothemo acid 

Nd 

Nd 

100 

100 

100 

100 

Pyndoxme 

Nd 

Nd 

20 

20 

20 

20 


* The composition of the salt mixture used was ns follows calcium lactate (3D 00 g ), calcium phosphate (16 20 g ), 
potassium phosphate (28 62 g ), iron citrate (3 64 g ), sodium ohlonde (6 19 g ), magnesium chloride (7 98 g ), sodium 
phosphate (1041 g ), potassium iodide (0 60 g ) 


different basal diets The rata were distnbuted equally 
between the two sexes The composition of the different basal 
diets used is shown m Table 2 
Sucrose was purified by repeated washings with 96% 
ethanol Casern was purified by repeated solution m olkah 
and precipitation with dilute aciiLThe precipitated casern was 
washed free ftom acid and then with ethanol and dried m the 
sun The dried casern was refluxed with 96% ethanol for 24hr 
Tor experiments on aneunn deficiency, autoclaved yeast 
was prepared by autoclaving brewer's yeast at 161b 
pressure for 6 hr in layers not exceedmg J m and sub 
sequently drying mthesun. Tor nboflavmdeficienoy studies, 
dried brewer’s yeast was moistened with water and brought 
to pH 110 The wet mass, spread m thm layers, was then 
autoclaved at 16 lb pressure for 6 hr and dned m the sun. 

Egg white was prepared fiem hens' eggs and was dried m 
the sun Autoclaved egg white was prepared by autoolavmg 
hens’ eggs at 16 lb pressure for 30 mm and subsequently 
drying m the sun. This treatment inactivated avidm, the 
antibiotlo prmoiple of egg white 

The different experimental diets were mixed and given to 
the animals in small trays The experiments were repeated 
on three separate batches of 60 rats The positive controls, 
no those receiving all the vitamins, grew steadily while the 
negative controls grew for a time, then lost weight and 
developed symptoms oharaotenstio of the particular de 
ficienoy under experiment The tune required for the onset 
ofthese symptoms vanedm different experiments Thus, the 
symptoms of aneunn deficiency manifested themselves in 
3-4 weeks, those of nboflavm deficnenoy m 6-8 weeks and 
those of biotm defioienoiee m 8-10 weeks The animals were 
kept on the deficient diets till severe signs of defioieniy 
developed Deficient and control animals were sacrificed 
simultaneously and then tissues analysed for their vitamm 
content and enzymic content by the methods desenbed 
above 


RESULTS 

The effect of aneunn, nboflainn and biotm de 
ficiencies on the aneurm, nboflavm and mcotmio 
acid concentrations m rat b\ers was studied The 
relevant data are presented m Table 3 

Significant differences m the vitamm contents of 
the hver were observed when rats were fed the 
different experimental diets Depletion of aneurm 
was found to mcrease the concentration of nboflavm 
m the hver above that of control animals, while m 
nboflavm deficiency concentration of aneurm m the 
hver was higher than m control animals Tliese 
observations confirm the findings of Smgher et al 
(1944) The aneurm and nboflavm concentrations 
m the hvers of the rats mamtamed on diets deficient 
m the respective vitamins decreased rapidly durmg 
the deficiency penod Livers of aneurm and ribo 
flavm deficient rats contamed smaller amounts of 
mcotmic acid than the hvers of control animals 
Aneunn, m the hver of the rats mamtamed on diet 
deficient m biotm, showed marked decrease A con- 
siderable difficulty was expenenced m aneurm 
estimation in these senes of experiments owmg to 
the presence m the hver of certam fluorescent 

substances Tliemterference encountered was greater 

with deficient hvers, while nboflavm showed an 
mcrease over that present m the hvers of the control 
animals Smgher et al (1944) did not find any 
significant difference m the concentrations of aneurm 
and nboflavm m the livers of control and biotin- 
deficient rats 
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Table 3 Effect of aneunn, nbojlamn and btotm deficiencies on the aneunn, 
nbofiamn and ntcoHntc acid content of rat livers 


Aneunn (jig /mg ) 


Riboflavin (fig /mg ) 


Niootimo aoid (fig jg ) 




A 


A 

t 

\ 

Mean 

, ^ 

^ 

Deficiency 

Range 

Mean 

Range 

Range 

Mean ^ 

Aneurm 

Ckmtrol 

2 00-7 00 

3 66 

13 60-28 30 

21 66 

48 30-100 00 

76 26 


Deficient 

0 40-1 60 

083 

16 30-43 00 

27 70 

36 30-86 70 

63 94 

Riboflavm 

Control 

I 60-8 00 

4 72 

16 00-36 30 

22 66 

29 00-160 00 

76 24 


Deficient 

3 60-16 60 

6 88 

6 00-13 10 

9 76 

42 80-94 00 

61 30 

Biotm 

Control 

0 80-6 60 

2 14 

19 80-34 80 

27 77 

26 00-166-00 

60 78 


Deficient 

0 00-2-00 0 69 26 90-A9 60 

Statistical analysis of tbe results 

Mean (mg /g )♦ Difference 

, ^ of means 

37 12 

Statistical 

ratio 

37 00-120 00 

6 % level of 
significance of 
tbe statistical 

69 18 


Vitamm 

Control (o) Deficient (6) (a) - (5) 

(d or t)t 

ratio 

Remarks 

Aneunn senes Aneunn 

3 66 
(18) 

083 

(24) 

2 83 

8 98 (d) 

2 10 

Significant 


Riboflavm 

21 66 
(18) 

27 70 
(43) 

6 14 

2 97 (0 

200 

ft 


Niootimo acid 76 26 

(17) 

63 94 
(26) 

1132 

2 31 (i) 

2 02 

ft 

Riboflavin senes Aneunn 

4 72 
(46) 

688 

(37) 

2 16 

4 30 (d) 

1 97 

7* 


Riboflavm 

22 68 
(34) 

9 76 
(36) 

12 90 

14 09 (d) 

1 97 

ft 


Niootimo acid 76 24 

(39) 

6130 

(33) 

14 00 

2 01 (d) 

197 

ft 

Biotm senes 

Aneurm 

214 

(24) 

0-69 

(24) 

146 

5 8(d) 

2 06 

tt 


Riboflavm 

27 77 
(24) 

3712 

(24) 

9 36 

6 66 (t) 

2 02 

tt 


Niootmio acid 60 78 

(22) 

6918 

(20) 

1 60 

0 18 (0 

2 02 

Not 

significant 


brackets represent the number of experimental animals 

^ V(*i’ +*!*) ’ mean values, and «i’ and a,’ are the respeotive standard errors of the 


means ( = 


Si-S, 


s IS the error of the difference calculated on the assumption that the standard deviations of the 

control group and the deficient group are not significantly different from each other The letters 
\ I \ ) m brackete in this column represent the formula used for caleulating the statistical ratio 


The activities of certain enzymes of rat tissues m 
aneunn, nboflavm and biotm defloiencies were next 
investigated The results are illustrated m Tables 
4 and 6 


Jtoked variations have been observed m tl 
aldehyde oxidase content of hvers and that of laot 
dehydrogenase content of hver and kidneys ^ 
control rate m the three experiments The contr 

rpPA ^ ^ ®xperunent (aneurm deficienc 

recen ed only aneurm as a supplement, while m ti 
other two expenmente (nboflavm and biot 
deficiencies respectively) m addition to aneun 
other vntamins, vnz nboflainn, pyndoxme ar 
pantothemc acid, were given a^ ^ple^L” 

te “dditioa of these vitiis appea 

to influence the concentrations of the aldehy, 


oxidase and the lactic dehydrogenase m the hver and 
that of lactic dehydrogenase m the kidney of rats 
In the hvers firom aneunn deficient rats, the 
activity of the aldehyde oxidase was only 60 % of 
that found in control rats The activity of the sue cinio 
dehydrogenase in deficient tissues, however, was 
found to increase by 22 % in the hver, 18 % in the 
kidney and 42 % in the heart over that found in 
control rats Axelrod, Potter & Elvehjena (1942) 
have suggested that nboflavm is the prosthetic 
group of succinic dehydrogenase Smee m rats the 
depletion of aneurm was found to mcrease the con 
centration of nboflavm m the hver (heart and kidney 
were not analysed for their vitamm content) the 
mcreased succmic dehydrogenase activity might be 
attnbuted to the availabihty of bigger amounts of 

32 
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Table 6 Effect of nboflavm and biotxn deftctenctea on the pyruvic oxidase activity of rat liver 




Pyruvio acid (pg ) removed by 100 & 
dried hver/hr 

A 

Deficiency 

/ 

Range 

Mean 

Riboflavm 

Control 

122 90-183 10 

160 28 


Deficient 

76 10-137 00 

103 30 

Biotm 

Control 

129 60-195 60 

164 73 


Deficient 

112 00-183 00 

142 24 


Statistical analyses of the results 




Mean* 

k 

Difference 
of the 

Statistical 

ratio 

6 % level of 
significance of 



Control 

Deficient 

means 

(flt 

statistical ratio 

Remarks 

Riboflavin senes 

160 28 
(20) 

103 30 
(20) 

46 98 

834 

2 02 

Significant 

Biotm senes 

164 73 
(29) 

142 22 
(22) 

12 49 

2 81 

2 01 

ff 


* Th^figures m braoLete represent the number of experimental animals 

t t — — a ifl the error of the difference calculated on the assumption that the standard deviations of the 
observations withm the control group and the deficient group are not significantly different from each other 


the prosthetic group The activity of the lactic 
dehydrogenase in the hvers of deficient rata did not 
vary significantly from that of hvers of control 
rats 

In nboflavm deficiency, the activities of aU the 
enzymes m the hver, kichiey and heart were found 
to be markedly affected Thus, m the hvers, the 
activities of aldehyde oxidase, succmic and lactic 
dehjdrogenases were only 18, 60 and 20% re 
spectively of those found m the control animals The 
actunties of lactic and succimo dehydrogenases ol 
the heart and kidney were also found to be sig 
nificantly decreased This diminution might be 
regarded as a result of the lowered amount of the 
prosthetic group (nboflavm) available A sumlar fall 
m the activity of enzymes with nboflavm as the 
group, e g xantlime oxidase (BaU, 1938, 
1030, Corean, Devan, Gordon & Green, 1939), 
^ccmoxidase and n ammo acid oxidase (Axelrod & 
Axelrod, Totter & Elvehjem, 
&'Eheh]em, 1942, Axelrod, 

The effect of nboflavon deficiency on the concentra 
t on of c(^z^-mes and other factors necessary for 
oxidation of certam metabohtcs; viz 
aldoln de lactate, etc was not mvestigatcd 

thfln ‘^eficiencj the oxidation of aldehyde by 

lactic delu ) ^ ° mcreased The succmic and 

fom d t kidney -ere 

Hind to be imaffectedm biotm deficiency This 

The PiTiinc Axelrod ct al (1939) 

PJTimc oxidase actmtj of rat hver m ribo 


flavm and biotm deficiency was decreased This 
might be due to partial depletion of the two vita 
mina m the tissues, smce it has been reported that 
nboflavm and biotm are essential for the complete 
oxidation of pyruvic acid (Lipmarm, 1939 , Pilgrim & 
Elvehjem 1944, Pilgrim, ^elrod & Elvehjem, 1942) 

In the oxidation of acetaldehyde, all the three 
vitamins appear to be mvolved, smce withdrawal 
of any one of these decreases the activity of the 
aldehyde oxidase, though its prosthetic group has 
been shown to be nboflavm (Subrahmanyan, Gordon 
& Green, 1939) 

The results m general show that the actirnty of 
the different enzymes studied depends on the relative 
concentrations of the different B vitamins, thereby^ 
mdicatmg a close mterrelationship between them 

SUMMARY 

1 Interrelationships between the vitarmns of the 
B group m rats m aneurm, nboflavm and biotm 
deficiencies have been studied 

2 The nboflavm concentration m the hver was 
found to be mcreased m aneurm deficient rats, wlule 
nboflavm deficient rats had an mcreased concentra 
tion of aneurm m the hver In biotm deficiency , the 
concentration of nbofla\Tn m the hver was mcreased, 
while that of aneurm decreased Li\ ers from 
aneurm deficient and nbofla\Tn-deficient rats con- 
tamed a smaller amount of mcotmic acid than that 
present m h\ ers of control rats 

3 The actmties of aldehj de oxidase, lactic and 
succmic dehydrogenases depends on the relati\e 
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concentration of aneunn, riboflavin, nicotinic acid 
and biotm in the tissues Increase m the concentra- 
tion of riboflavin m the hver increases the activity 
of the lactic and succmic enzymes (with the exception 
of lactic dehydrogenase of aneurm deficient hvers), 
while a decrease m the riboflavin content decreases 
their activity Similar results have been obtamed 
for lactic and succmic dehydrogenases of heart and 
kidney m nboflavm senes and for succmic dehydro 
genase m aneurm senes , while the enzyme make up 
of these tissues has been shown to be unaffected m 
biotm series 


4 The oxidations of acetaldehyde and pyruvic 
acid appear to mvolve all the vitamins, aneunn, 
nboflavm and biotm, smce withdrawal of any one 
of these appears to decrease the activities of their 
respective enzymes 

6 The results are interpreted as evidence of an 
mterrelationship between certam vitamins of the 
B group 

The authors are grateful to Mr S J Poti of the Department 
of Statistics, All India Institute of Hygiene and Pubho 
Health, Calcutta, for the statistical analysis of the results 
presented m the paper 


REFERENCES 


Axelrod, A. E (L Elvehjem, C A (1041) J biol Chem 140, 
726 

Axelrod, A. E , Potter, VBA Elrehjem, C A (1942) 
J bwl Chem 142, 86 

Axelrod, A. E , Sober, H A A Elvehjem, C A (1939) 
Nature, Land , 144, 670 

Axelrod, A. E , Swingle, K F & Elvehjem, C A (1942) 
J biol Chem 146, 297 
Ball, E G (1938) Science, 88, 131 
Ball, E G (1939) J bwl Chem 128, 61 
Bhagvat, K (1943) Ind J med Rea 81, 146 
Braendstrup, P (1040) Ugeekr Lag 102, 96 
Conran, BL S , Dewan, J G , Gordon, A. H & Green, D E 
(1939) Btochem J 33, 1694 

Green, D E & Brosteaux, J (1936) Btochem J 80, 1489 
Klopp, C T, Abels, J C & Rhoads, C P (1943) Amer J 
med Set 205, 862 

Lehmann, J & Nielsen, H E (1939) Nord med Ark 1,289 
lapmann, F (1939) Nature, Bond , 143, 436 
Lu, G D (1939) Btochem J 33, 249 
McCollum, EVA Davis, M (1913) J biol Chem 16, 
167 


Pilgrim, F G , Axelrod, Al. E A Elvehjem, C A. (1942) 
J biol Chem 146, 237 

Pilgnm, F J A Elvehjem, C A (1944) J htol Chem IBS, 
257 

Potter, VBA Elvehjem, C A (1936) J biol Chem 114, 
495 

Russell, R A A Nasset, E S (1941) J Nuirtt 22, 287 
Salvesen, 0 (1940) Nord med Ark 6, 279 
Smgher, H 0 , Kensler, C J , Levy, H , Poore, E , Rhoads, 
CPA Unna, K (1944) J biol Chem 164, 69 
Subrahmanyan, V , Gordon, AHA Green, D E (1939) 
Nature, Land , 144, 1016 

Snpplee, G C , Jensen, 0 G , Bender, RCA Kahlenberg, 
0 J (1942) J biol Chem 144, 79 
Sure, B (1944) J Nutrit 27,447 
Sure, B A Ford, Z W jun (1942) J biol Chem 146, 241 
Sure, B A Ford, Z W jun (1943) J Nutnt 26, 669 
Swammathan, M (1942o) Ind J med Rea 30,45 
Swammathan, M (10426) Ind J med Res 30, 397 
Sydenstneker, V P (1941) Ann intern Med 16, 45 
Thunberg, T (1920) Skand Arch Physiol 40, 11 
Unna, K A Clark, J D (1042) Amer J med Sci 24, 364 


The Fractionation of Weak Electrolyte Mixtures 
by Ion-Exchange Resins 

Bt C W DAVIES, Edward Davies Chemical Laboratories, University College of Wales, Aberystwyth 

(Received 31 December 1948) 


Ion-exchange resms are becommg of moreasmg un- 
portance m the separation of mixtures of weak 
electrolytes, and the object of the present piaper is 
to enumerate some general considerations which are 
of importance m the planning and mterpretation of 
separation experiments 

Choice of resin Numerous experiments m these 
laboratories and elsewhere (see, for instance. Par- 
tridge* & Bnmley, 1949) have established the fact 
that processes which mvolve the ionization of weakly 
acidic or basic groups m the resm structure are, com- 

• The author la much mdebted to Dr Partridge for an 
early view and discusaion of hia recent papers 


paratively, very slow , they also mvolve large sweUing 
changes The reverse processes are equally slow, 
probably because it is the surface of the granules that 
wfll be first attacked by a fresh reagent, and a 
reduction of charge and a desorption of water m the 
surface layers will hmder the diffusion of material to 
and from the mterior of the gel Procedures mv olvmg 
an alteration m the charge of the resm are therefore 
not weU smted to chromatographic separations F or 
the types of resm m common use this means that 
catiomc exchangers contammg phenohe as well as 
Bulphomc acid groupmgs should not be used at pH 
values greater than 8, and that the weakly acidic or 
weakly basic resms should if possible be employed 
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only for exchange processes in "which the pH can be 
maintained at a suitable constant value 

YTiatever the type of ream, separations "will be the 
sharper the more nearly the processes at the ream 
surface approach to a state of equihbnum Separa 
tions "Will, therefore, be unproved by reducmg the 
rate of fLo'w and the gram size, and by "workmg at 
elevated temperatures ("Withm the range of stabdity 
of the resm) m jacketed columns 
Separations through saU formation The separation 
oftwo"weakbasesBjemdBjrQaybetaken as atypical 
example If these are apphed, as such, to a column of 
sulphomc acid type resm they "will be quantitatively 
adsorbed R SO3 'Sf+B=R SO3 BH''',andBub- 
sequent development "with a stronger base B3 "wiU 
give an effluent m "which the bases should appear m 
the order of mcreasmg basic dissociation constant 
Conditions during the separation are illustrated m 


The two cations mitiaUy adsorbed on the resm "will 
be m reversible equihbnum "with their dissociation 
products m the surface layer, and this system "will 
be m equihbnum "with the solution remote fixim the 
Surface On admittmg the developmg solution the 
new base "will react "with the hydrogen 10ns, and the 
cations previously held by the resm "will be displaced , 
By and Bj "will move down the column as uncharged 
molecules only to be adsorbed at fresh sulphomc 
acid groups and the whole process repeated 
A separation "wiU clearly reqmre that the bases, m 
their movement do"wn the column, are retarded by 
the resm to different extents Tins retardation "will 
depend on two factors, the strength of the attraction 
of the resm for the cation BH"*" and the dissociation 
constant of the base 

The first of these factors -will be of primary im- 
^rtnnce if the cations differ m charge , bivalent 10ns, 
for instance, are much more strongly adsorbed than 
^valent ions of similar structure If, on the other 
hand, the ions are of the same valency, and, assuming 
hat the adsorption affimty is mainly electrostatic, 

is factor maj be e-^pected to be unimportant, and 
tlio Kparation -will depend almost entuoly upon 
a ^erence m dissociation constants Qmte a small 
aifferonco is effectue, complete separations have 
been acluoiod of constituents differing m pK by 
less tlian 0 2 umt (see the last section) 

If the bases to be separated are of the same "v alency 
o identical dissociation constant, a successful 
fractionation muj still occur if differences are 
appreciable m the affimty of the resm for the various 


the follo"wmg scheme 

si.~ 


SO," 




cations The ewisorption affimty may be regarded as 
made up of two parts, an electrostatic term and 
a ‘-van der Waals ’ term The first of these makes an 
important contribution to the total adsorption 
energy, but one which is unlikely to show sufficiently 
large variations to be made the basis of separations 
Variations m the ‘ vctn der Waals ’ term, on the other 
hand, may weU be important, and information on 
this pomt can be gamed from adsorption measure 
ments using the uncharged electrolyte The data so 
far available (Bhatnagar, Kapur & Bhatnagar, 1939 , 
Thomas, unpublished) show that molecular adsorp- 
tion on resms is often very large, that it is particularly 
marked "with aromatic compounds, and that m a 
homologous senes it mcreases as expected m mole- 
cular weight, the same rules should apply to the 
corresponding 10ns, which differ m chemical structure 
by only one proton Separations beheved to be based 
on this effect are quoted m the last section 

In the preceding paragraphs differences m pK 
and differences m adsorption affimty have been dis 
cussed separately They will of course be super 
imposed, and m some cases the two factors may be of 
comparable importance It should be added, also, 
that a very high adsorption affimty, such as is 
common -with aromatic compounds, "will m general 
have an adverse effect on separations This is because 
the uncharged electrolyte travelling do"wn the column 
"Will be adsorbed to a significant extent, and, as 
molecular adsorption and desorption are very slow 
processes compared "With ion exohage, this "will result 
m the highly adsorbed constituent bemg spread out 
on the column m the rear of its advancmg band It 
should be possible to minimize this effect by operating 
at elevated temperatures 

Separations depending upon ion exchange With the 
advent of strong base resms the techmque of dis 
placement development discussed m the second 
section "Will become apphcable to the separation of 
weak acids There are separations, however, for which 
"weak acid or "weak base resms "will be employed, and, 
as "Was pomted out m the first section, it will bo best 
to restrict the use of these to exchange processes at 
a constant pH 

Let HAi , H-dj be two weak acids to bo separated 
on a weak beise resm The resm will first be con 
ditioned "with, say, hydrochloric acid of the pre 
determmed pH On addmg the acids conditions will 
be somewhat as sho"wn below 






11 

HAi 

a' 

A^'+B^ ^BAi 


‘11 

BAj 



Ai+B^^BAt 

1 

cr 
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In a case where the adsorption afiimties for and 
A a do not differ greatly, the separation of the acids 
will depend on a difference m the dissociation con 
stants and If activity coefficients, which 
wiU be nrtuaUy equal for the two anions, are 
neglected, the proportion of the first acid winch is 
present m the form of anion can be written as 

— — - ,andsLinilarlyforthesecond Itcanthenbe 

+ L-ti- J 

readily shown that these ionized fractions show their 
mavunum difference when pH* = iV(p-K'^ +pI^A ), 
and tins condition gives the optimum p;i for the 
separation It must be noticed, liowever, that the 
argument appbes to conditions at the surface of the 
resm, and here the lomzation equilibrium is greatly 
modified bj'^ the surface charge The effective pH to 
be used m the above equation will be given by 
V 

pH* = pH + —r ~ , where the first term on the right 
0 059 


hand side is tlie pH of the solution remote firom the 
resm surface, and F is the potential difference m 
volts through which a hydrogen ion must be moved 
m brmgmg it from the remote solution up to the 
surface of the adsorbed amon In general, the value 
of V will be unknown, and even for the same resm 
it will vary with the pH and the lomc strength of the 
solutions employed However, Hartley & Roe { 1 940), 
who have denved the above equation and apphed it 
to a s imil ar problem m measurmg mdicator shifts at 
the surface of a colloidal miceUe, found values of 
V varying over the range 60-100 mV , and work m 
progress here on the electrokmetic potential at resm 
surfaces leads to similar values It can be anticipated, 
therefore, tliat m workmg with a positivelj'’ charged 
resm the best separation of two amons will be achieved 
when the pH of the solutions apphed to the resm is 
1-2 umts lower than the value of lit 

separatmg weak bases at a negatively charged ream 
the correspondmg condition is that the pH of the 
solutions used sliould be 1—2 umts higher than tlie 
value oi pK^-^(pK^^+pKs^), where and 
are the basic dissociation constants of the substances 
to be separated 

Interestmg confirmation of these conclusions is 
pro\aded by the work of Consden, Gordon & Martm 
(1948), who succeeded m separatmg glutamic from 
aspartic acid on Amberhte IR 4 These authors pomt 
out that the best separation would be expected at 
pH 4, but find that actually tlie solutions must be 
apphed to the resm at pH 2 6, a value at which the 
acids cany a small net positive charge 

Separation of amino-acids Partridge (1949) has 
had stnkmg success m the separation of ammo acids 
on a resm column The results appear to be m ex- 
cellent agreement wnth the considerations advanced 
m the second section of this paper, and to tlirow some 
hght on the relative importance of the factors dis 
cussed there Partndge apphed the ammo acid 


mixture as hydrochlondes to a column of sulphonic 
acid resm The hydrogen ion concentration at the 
ream surface was therefore high, and the monoamine 
acids were present largely m the form of umvalent 
cations, wliilst the diammo acids, inclu din g cystme, 
were present partly as bivalent cations, and con 
sequently were much more firmly held at the 
resm surface On displacement development with 
ammoma, fractions were collected m the order shown 
below 

(The figures gn en after the names of the acids are 
the negative logarithms of the acid dissociation con 
stants for the reaction +H'^, taken from 

Cohn & EdsaU (1943), that is to say, they are the 
pKj values for the monoammo acids and the pK. 
values for the diammo acids , these dissociation con 
stants are primarily responsible for controlling the 
movement of acid moleoules down the column The 
pK of threonme, which is not listed, may be pre 
sumed to he close to that of serme ) 

Fraction 

I Aspartic acid, 1 88 

n Glutamic acid, 2 19, serme, 2 21, threonine 
rn Glycine, 2 34, alanme, 2 34 
IV Valme, 2 32, prohne, 1 99 

V Lencme, 2 36, isoleucme, 2 36, methiomne, 2 28, 
cystme pKj = 1 0, pK 5.=2 0 
VI Histidme, pKi=6 00 
VH Lyame, pK,=8 95 

Viil Aigmme, pKj= 9 04 (this IS not displaced by dilute 
ammonia) 

The monoammo acids come through first, followed 
by the diammo acids, and with two exceptions the 
order throughout is that to be anticipated from the 
pK values Prohne falls out of place, bemg more 
firmly held en the resm than would be expected from 
its pK value, but m new of its cychc structure it is 
reasonable to attribute this anomaly to a specially 
large contribution from the ‘van der Waals’ 
adsorption factor The other exception is cystme, 
where the low pK. value (which by itself would lead 
to the appearance of cystme m the earhest fractions) 
is ofiset by the existence of a considerable portion of 
the acid at low pH values m the form of biTOlent 
cations 

Some numerical values may serve to illustrate the 
argument Partndge (1949) found that the early 
fractions emerged from the col umn at pH of about 
3, and the effective pH at the resm surface durmg 
a large part of the separation may be taken as bemg 
round about 1-2 In a mixture of ammo acids at 
pH 1 6, only 70 % of the aspartic acid will be m the 
form of cations , the correspondmg figures for serme 
and leueme are 83 and 88 % respectively Cystme 
will be 20 % un ionized and only 80 % m the form 
of cations, but a quarter of these latter wiU be 
carrymg two positive charges, and will require to 
lose two protons before bemg displaced from the resm 
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surface , the net rate of movement down the column 
may therefore be expected to be comparable with 
that of leucme FmaUy, lustidme and the other 
diammo acids will be completely ionized and firmly 
held by the resm at this pH 
Fractions HI, IV and V consist of acids whose pK 
values are so close that a separation depending on 
this factor would not be expected, and according to 
the argument given m the second section we should 
look for an explanation m terms of adsorption 
affinity The molecular weights of the acids con- 
cerned are 

Fraction 

EH Glycme, 75 alanine, 89 
IV Valine, 117 

V Leucme, isolenome, 131 , methiomne, 149 


The results do, therefore, seem to provide real 
evidence that, m the absence of significant pK 
differences, separations based on qmte small 
differences m cham length and adsorption affimty 
can be earned out on lon-exchange columns 

Partndge (1949) found that tjnosme and phenyl- 
alamne showed anomalous behaviour, and had to be 
removed m a prehmmary operation This is m 
keepmg with the strong adsorption of all aromatic 
compounds, a factor which seems at present to set 
the most important limitation to the use of lon- 
exchange resms 

SUMMARY 

The theory of the separation of weak electrolytes by 
ion exchange resms is discussed and illustrated by 
reference to recent work with the ammo acids 
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^nau, Banga, Goszy, HuszAk, Laki, Straub & 
Szont Gyorgyi (1936), on the basis of differences 
between fumarate and malate oxidation, thought 
that fumarate might be oxidized without mter 
mediate formation of malate Later, Laka (1936) 
abandoned tlus view However, Kalckar (1939) 
s owed that kidney extracts can dehydrogenate an 
addition product of fumarate and phosphate with 
ormation of phosphoenoloxaloacetate Lipmann 
I 941) assumed that the earher view of Annau ct al 
(1936) was m part correct, and that the differences 
oxidation of the two substrates could 
pro ably bo explamed by the co-existence of two 
> orent paths of fumarate breakdown, the first 
occumng \nn malate, the second leadmg directly to 
oxaoacetate tlirough a phosphondated de^^atlve 
o umaratc Tlus hypothesis is supported by the 
o ■conation of Lipmann (1942) that, m a similar 
minor, the transformation of crotonate to aceto 


acetate occurred m rabbit kidney without mter- 
mediate formation of )3 hydroxybutyrate 

Clifton (1942), studymg the fermentation of C^ 
dicarboxyhc acids by washed suspensions of Clos 
Indium tetani, found that fumarate is partly 
fermented to butyrate and acetate and partly to 
lactate, malate and ethanol Malate and sucemate 
were not fermented Pickett (1943), with the same 
organism, showed that if mcubation is contmued for 
4 days, malate is slowly fermented with production 
of acetate and butynate, ethanol, carbon dioxide and 
sucemate The latter was not fermented Cohen, 
Nisman & Cohen Bazire (1948) have shown thot 
citrate and a ketoglutarate are slowly^ fermented to 
butyrate and acetate bv stram GR4 of Cl aaccharo 
butyricum It is very unlikely that these two com- 
pounds are broken down ma the C 4 -dicarboxx ho 
acids system, as it will bo shown that succinate is not 
fermented by this organism 
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Further work with this org£iiusm, reported m the 
present paper, shows that it is improbable that the 
breakdown of fumarate occurs via malate, and 
evidence is presented m support of an alternative 
scheme 

EXPERENEENTAL 

Organism 

The organism, named according to Pr6vot (1948), is a variety 
of Gl biUyncum Prazmowski Prdvot, who has given us this 
strain, names it Cl bulyncum, vor eaccharobutyrtcum 
Schattenfroh t Grassberger The strain GR4: of this 
organism, which lias been isolated from nver mud, is a small 
thm rod, with subtemunal spores, motde. Gram positive, its 
dimensions vary from 3-12 x 0 8-1 y. Deep agar eolomes 
appear as dense cottony masses Gelatm is liquefied after 

7 days Mdk is coagulated m 6 days, the clot is further 
fragmented, but not digested Indole is formed AH the 
sugars tested were fermented except galactose, arabmose, 
dulcitol and mulin. Butyrate, acetate and lactate were 
formed when the organism was grown on VP broth (peptic 
digest of muscle and hver) containing 0 2 % glucose Acetone 
and aoetylmethylcarbmol were not formed under these 
conditions Cohen L Cohen Bazire (1948a, 6) have separated 
the butyno baotena mto two biochemical types according 
to their abihty, m washed suspension, to ferment pyruvate 
with production of (a) acetate and butyrate (‘normal’ 
strains), or (6) acetate only (‘deficient’ strains) The GR4 
strain is ‘normal’, lactate is also formed, but m the present 
work attention is confined to the volatile acids ' 

Preparation oj cell suspensions 

The orgamsm was grown on VP broth, of which 1 L was 
moculated with 6 ml of an 18 hr subculture and mcubated 
for 20 hr at 37° The cells from 1 1 ofculture were centrifuged 
out, washed twice with 16 ml of previously de aerated sahne 
and finally resuspended in approx 26 ml of sahne All 
operations were earned out with sterile precautions 
A quantity of suspension (3 mL), corresponding to approx 

8 mg baotenal N, was taken for each experimental tube 
The yield of cells vaned only shghtly from one culture to 
another 

Procedure and methods 

Chemicals These were obtamed from the sources mdicated. 
Oxaloacetic acid (prepared as desonbed by Penton & Jones, 
1900), succimo acid (Merck), fumano acid, maho acid, 
hydroxylamme hydroohlonde and sodium arsemte (Pro 
labo) , sodium pyruvate (Hofrnaxm la Roche) , Congo red 
{RAJL ) Solutions of the acids and of hydroxylamme 
hydrochlonde were neutralized before use 

Fermentations All operations up to the completion of the 
fermentation were earned out with sterile precautions m 
view of the long penod of moubation (24 hr ) Substrates 
and inhibitors were sterilized by filtration (Lj Chamberland 
candles), water and buffer by autoclaving Substrates, 
bactenM suspension, phosphate buffer (pH 7, final cono 
0 03311) were measured mto test tubes and brought to a total 
volume of 20 ml with water The tubes were evacuated, 
sealed and mcubated for 24 hr at 37° The total contents of 
each tube were then acidified with 6 ml of 40 % (w/v) 
tartano acid and steam distilled, 130 ml. of distillate were 
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collected A portion (20 mb) of the distillate was used for the 
determination of total volatile acids by titration with 
0 iN-NaOH The remauung 110 mb were used for the 
determination of the nature and proportions of these amds 
by the Duclaux (1895) method Our Duclaux cahbration 
curves, performed with redistilled acids, differed httle from 
the original Dudaux curves 

The method of Raynaud & Gros (1947) was used for the 
determination of NH, m the exxienments m which NH^OH 
was used. In the same experiments, one dimensional paper 
chromatography (Whatman no 1 paper, solvent, 95% 
phenol) was used for the detection of aspartic acid (Consden, 
Gordon A Martm, 1944) 

RESULTS 

Comparative rate of fermentation of succinate, 
fumarate, malate, oxaloacetate and pyruvate 

The results recorded m Table 1 show that volatile 
acids are produced fr-om these substrates at a rate 
which decreases in the order pyruvate > oxalo 
acetate > fumarate > malate Succmate is not 

Table 1 Fermentation of succinate, fumarate, 
malate, oxaloacetate and pyruvate 

(Each tube, sealed in vacuo, contamed 4000pmol of 
substrate and 8 mg baotenal N Total vol 20 ml , pH 7, 
37° Incubation 24 hr ) 



Total 

volatile 

Acetic 

Butyno 


acid 

acid 

acid 

Substrate 

(pmol ) 

(pmol ) 

(pmol ) 

Fumarate 

780 

478 

302 

Malate 

300 

312 

78 

Pyruvate 

936 

468 

468 

Succmate 

0 

0 

0 

Fumarate 

662 

316 

247 

Malate 

361 

281 

70 

P3Tnvate 

940 

470 

470 

Succmate 

0 

0 

0 

Fumarate 

666 

406 

249 

Oxaloacetate 

842 

605 

237 

Pyruvate 

611 

409 

202 

Succmate 

0 

0 

0 

Fumarate 

390 

260 

130 

Malate 

250 

200 

go 

Malate (4 days) 

671 

605 

134 

Oxaloacetate 

1014 

639 

376 

Fumarate 

662 

264 

298 

Oxaloacetate 

796 

462 

328 

Pyruvate 

2184 

1245 

939 

Fumarate 

702 

436 

267 

Malate 

499 

376 

124 

Oxaloacetate 

780 

460 

320 

Pyruvate 

1638 

868 

770 


attacked, the orgamsm had no succinic dehydro 
genase activity With malate the relative proportion 
of butync and acetic acids differs markedly from 
that obtamed from the other substrates , much less 
butync acid is formed from malate These results 
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make it very improbable that the classical reaction 
sequence 

IWarate -> malate -v oxaloacetate pyruvate 

occurs m these fermentations They suggest rather 
a direct conversion of fumarate to oxaloacetate, the 
latter then givmg nse to pyruvate 

Non inhiintum of fumarate femierUatton by congo red 

Quastel (1931, 1936-7) found, both ivith ■whole 
cells of Escherichia coli and isolated enzyme pre- 
parations, that this dye (at a concentration of 
1 2 X mhibits fumarase Table 2 sho'ws that 

the fermentation of fumarate is not affected by 
Congo red This is consistent "with the 'vie'w that the 
conversion of fumarate to malate is not a stage m the 
fermentation of the former by Cl aaccharobutyncum 
GR 4 The dye is also ■without effect m the fermenta 
tion of malate, oxaloacetate, pyruvate and citrate 

Table 2 Effect of Congo red on fermentation 
of fumarate 

(Conditions see Table 1 Substrate fumarate, 4000 /imol ) 

Congo red VolatQe 

Concentration acidity 

(u) (/imoL) 

(?) 0 780) 

(b) 12xl0-‘ 780 

(e) 2 4xl0-‘ 749}- 

(d) 4 8 X lO-® 733 

(e) 2 4x10-* 749J 

Effect of hydroxylamine on the fermentation of 
Gi-dtcarboxylic acids 

A further difference m the beha^vnour of malate, 
'^th fumarate and oxaloacetate, ■was 
^ experiments m which an attempt was 

® e to inhibit the fermentation of these substances 
y adding equimolar quan'tities of hydroxylamme 
WM thought that the oham of reactions would be 
oxaloacetate stage by the fixation of 
IS eto acid as an oxune It was found, however, 
la , with this organism, oxaloacetate and fumarate 
fb* ™alate, could act as hydrogen donator for 
hydro-^ylamme ■to ammoma After 
incubation the tubes containing hydroxyl- 
nune plus fumarate or oxaloacetate had become 
cep j e ow , on opemng there was a strong smell of 
mmoma Furthermore, the steam distillate from 


such -tubes had an odour of acetaldehyde This -was 
identified by preparation of the dimedone derivative 
(m p 139°) In the case of hydroxylamme plus 
malate there was no formation of yellow colour, 
ammonia or acetaldehyde 

Expenments were earned out m which both total 
votatile acid and ammoma were estimated after -the 
action of the organism on all three dicarboxyhc acids 
m the presence and absence of hydroxylamme 
(Table 3) It will be seen that ammoma is not 
formed from hydroxylamme m the presence of 
malate, but only with fumarate or oxaloewetate In 
all three cases total volatile acid is diminished by 
30-100% m the presence of hydroxjdamme The 
rate of reduction of hydroxylamme to ammoma is 
apparently mdependent of the proportion of the 
dicarho-xyhc acid converted to volatile acids 

Table 3 Effect of hydroxylamine on fermentation 
of Ci dtearboxylte acids 


(Conditions see Table 1 Neutralized NH,OH HCl 
4000fiinol CiBoid 4000 /unol) 

Volatile 


Exp 


acidity 

NH, 

no 

Substrate 

(nmol ) 

(/imol ) 

2 

Fumarate 

662 

0 


Hydroxylamme 

0 

0 


Fumarate + hydroxylamme 

280 

1850 

3 

Fumarate 

655 

0 


Hydroxylamine 

0 

0 


Fumarate + hydroxylamme 

390 

1880 

4 

Fumarate 

390 

0 


Hydroxylamme 

0 

0 


F^arate + hydroxylamme 

120 

1800 


Oxaloacetate 

1014 

0 


Oxaloacetate + hydroxylamme 

312 

960 

6 

Fumarate 

662 

0 


Fumarate + hydroxylamme 

0 

2000 


Oxaloacetate 

795 

0 


Oxaloacetate -(-hydroxylamme 

78 

1040 

7 

Fumarate 

— 

0 


Fumarate -b hydroxylamme 

— 

1600 


Malate 

— 

0 


Malate -i- hydroxylamme 

— 

0 

8 

Fumarate 

350 

0 


Fumarate -(-hydroxj lammo 

— 

1000 


Malate 

— 

0 


Malate -(-hydroxylamme 

— 

28 


In the case of fumarate the production of ammonia 
can be explamed m two different ways 


Nature 
of acids 

Butyno 

1/2 < < 1/1 

Acetic 


(а) COOH CH CH COOH-i-HiO -v COOH CO CH, COOH+Hi, NH.OH + H, NH. + HjO, 

(б) COOH CHCH C00H + H,0-4-C00H CO CH, COOH + H., 

COOH CO CH. COOH+NH,OH-*-COOH C(J^OH) CH, C00H + H,0, 

COOH C(JIOH) CH, COOH + 4H-)-COOH CH(NH,) CH, COOH-t-H-O, 

COOH CH(NH.) CH. COOH + H,0 -► COOH CO CH. COOH-bNH, + H, 

These two senes of equations represent the same overall reaction 

(c) COOH CHCH COOH+NH,OH-i-COOH CO CH, COOH-bNH, 
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Scheme (6) is supported by the fact that Cl saccharo- 
butyitcum GR4 rapidly dearmnates aspartic acid 
(Cohen, Nisman & Cohen Bazire, 1948) Further 
more, aspartic acid, and no other ammo acid, can be 
detected by paper chromatography of the contents 
of tubes contammg hydroxylarmne and fumarate or 
oxaloacetate (Table 4) However, it is also possible 
that aspartic acid arises from a secondary reductive 
animation of oxaloacetate 

COOH CO CHj COOH+NH5+2H 

-i-COOH CH(NH,) CHj COOH + HjO 

It IS, therefore, not yet possible to decide wluch of 
the suggested mechanisms is correct Furthermore, 
Nisman (1948) has shoivn that washed suspensions 
of our stram can carry out the direct animation of 
fumarate m presence of ammoma Such a reaction 
may also complicate the overall phenomenon This 
problem is bemg further mvestigated 

It will also be seen from Table 4 that no aspartate 
was detected m the tubes contammg hydroxylamme 
plus malate Smce it has already been shown that 
malate cannot act as hydrogen donator for the 
reduction of hj’-droxylamme, the totally different 
behaviour of malate agam mdicates that it cannot be 
an mtermediate m the fermentation of fumarate 

Table 4 One dimensional filter paper 
chromatography 

(Solvent 95% phenol Paper Whatman no 1 Nin 
hydnn 1 % butanol solution ) 


Substrate 

Rr 

(0) Fumarate NHjOH 

0 10 

None (suspension) 

— 

Aspartate (blank) (10 "’ m) 

0 10 

(h) Fumarate NH,OH 

on 

Aspartate (blank) 

0 11 

Suspension 

— 

(c) Fumarate NHjOH 

0 11 

Oxaloacetate NH,OH 

oil 

Aspartate (blank) 

0 12 

Suspension 

— 

Fumarate 

— 

Oxaloacetate 

— 

(d) Fumarate NHjOH 

0 12 

Malate NHjOH 

— 

Aqiaitate (blank) 

0 12 

Suspension 

— 

Fumarate 

— 

Malate 

— 

(e) Fumarate NHjOH 

0*12 

Malate NH,OH 

• — 

Fumarate 

— 

Malate 

— 


Effect of arseniie on the fermentation of 
C4 dtcarboxylic acids 

Cohen-Bazire, Cohen, Nisman & Raynaud (1948) 
have shown that the fermentation of pyruvate m the 
presence of 10 ~’m sodium arsemte leads to the pro 
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duction of acetate only, production of butyrate was 
completely inhibited and total volatile acid was 
decreased by approx 30% The effect of arsemte on 
the fermentation of fumarate, malate and oxalo 
acetate was therefore tested (Table 6) Inlubition 
of the same type as with pyruvate was obtamed 
Taken m conjunction with the experiments of 
Table 1 these results are consistent with the following 
reaction sequence 

Fumarate -► oxaloacetate 

— pyruvate — »■ acetate + butyrate 

The results with arsemte do not exclude thepossibility 
that pyruvate is also an mtermediate m the ferments 
tion of malate If this is the case, then, m view of the 
other results already given, malate must be con 
verted to pyruvate by a mechanism not mvolvmg 
oxaloacetate 

Table 6 Effect of arsemte on fermentation of 
C4 dtearboxyhe acids 

(Conditions see Table 1 Dicarboxyho acids 4000pmo] 
Sodium arsemte , final concentration 10 ~®m ) 



Volatile 

Acetic 

Butyno 


acidity 

acid 

acid 

Substrate 

(pmoL) 

(fimol ) 

(ftmoL) 

Pyruvate 

1820 

910 

910 

Pyruvate + arsemte 

1660 

1660 

0 

Oxaloacetate 

663 

330 

303 

Oxaloacetate + arsemte 

698 

644 

58 

Fumarate 

868 

672 

286 

Fumarate + arsemte 

610 

464 

46 

Malate 

473 

379 

94 

Malate + arsemte 

390 

390 

0 


DISCUSSION 

The present results give experimental support to the 
hypothesis (Lipmann, 1941) that there may be direct 
transformation of fumarate to oxaloacetate without 
mtermediary formation of malate Chfton (1942), 
workmg with 01 tetanx, found that malate was not 
fermented, but Pickett (1943) m experiments with 
the same stram m which mcubation was prolonged 
to 4 days showed that it was attacked very slowly 
With Cl saccharobiUyncum GR 4, malate is attacked 
at a somewhat higher rate than with Cl tetani, 
although less rapidly than fumarate and oxalo 
acetate Thus observation, and the different butyric 
acid/acetic acid ratio found for malate compared 
with fumarate excludes malate as an mtermediate 
m fumarate fermentation Endence supportmg this 
conclusion was obtamed m the experiments with 
Congo red and hydroxydamme 

It has also been foimd, mcidentally, that the test 
organism reduces hydroxylamme to ammoma m the 
pj"0g0i4Q3 of fumarate or oxaloacetate , oximmo 
succmic acid and aspartic acid are possibly mter 
mediates m tins reaction Although the exact 
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mechan.^i ,8 not ^ct certnin, the phenomenon 
interesting since mnn^ but^Tle neicl bnctcn.v lm^o 

becndcscnbcdnsnitrogen fixers mid In drov\ Imnine 

or nminoiun lin% o been proposed for ot tier org.mimns 
as prunnri products of nitrogen fixntion lo 
present OKpcnmcnts indicnto that the IndroxO 
Lime theoix of Virtnnen Lmne (into, see nko 
Yirtonen, 1947), mid the mnnionm tlicors of Hums 
&.Milson (1046, 1940 sec also W iKon c'. Bums, 
1947), are not ncccssanU incompatible since both 
substances gi\c rise to aspartic acid with cit ler 
fumarato or oxnloacctate M oods (1038) has shown 
that hTdrox\lnmino is reduced b\ inoleculnr 
h^ drogen to ammonia m the presence of suspensions 
of C7 trcWui It IS now shown that such reduction 
can also occur wnth other h\ drogen donators, t ns 
point will be fiu-thcr studied Another t\i)e of rc 
action betw eon h\ droxc lamiiic and fumarato leading 
to by(irox\*tispnrtic ncicl, ^\hlch not ftirt kt 
utilized, has been reported b^ Jncobsohn Soares 
(1930-7) for suspensions of E^ch coh 


SUtniARY 


1 A stiuh has been made of tho comparotne 
rates of fermentation of fiunarato, malato, o'^olo- 
neefate mid piTinato b^ coll suspensions of Clos- 
tridnnn •taccliarobuhiricum GR4 Tho relative pro 
portions of buUTicnnd acetic acids formed were also 

iiicasurctl r 

2 Tlie results indicate the followang sequence of 

reactions 

1 iiiaarato ->■ OMaloncrtatc 

->• pinnate -*• acetate -sbutjTate 

Alalatc IS not an intenncdiato in tho transformation 
of fumarato to oxaloacetato This is supported by 

oxiicrimcnts with lanous inhibitors 

3 Tho organism reduces hydroxvlamme to 
ammonia m t ho presence of fumarato or oxaloacetate 

tteiusl, to express our gratitude to Dr D D Woods for 

Ins generous help m the preparation of the typesenpt 
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The Fate of Certain Organic Acids and Amides in the Rabbit 

8 TOLUIC ACIDS AND AMIDES 

nv TT r BRAY W V THORPE and P B W^OOD 
Department of Physiology, Alcdrcal School, University of Binning lam 

{Received \2 January 1949) 

VO Further, since the toluamides 
The metabolism of the toluic acids and their amides dorivec in vt compounds with two different 

was mvestigated primarily m order to detemune the provi e conjugation ’ (cf Bray, Ryman 

effect of a nuclear substituted methyl group upon the ' '^^1948) the metabohe fates of these 

hydrolysis of the carbamyl group tn vivo It was & lorpe, compared wnth those of the 

also of mterest to compare the excretion products of compoun ° tVifi two centres are identical m 

the acids with those of the xylenes (Bray, Humphns xylenes, m which the two cen 
^ Thorpe, unpublished results) from which they are character 
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Kraut (1866) and Gleditsch & Moeller (188&) 
isolated the toluno (methylhippuno) acids 
Me C(H^ CONH CHj COOH, as metabohtes of the 
toluic acids m man Qmck (1932) found that all 
three tolmc acids gave rise to mcreased excretion of 
glucuromc acid and glyome by the dog o Toluic 
acid was conjugated only shghtly with glycme, but 
to a considerable extent with glucuromc acid, a 
small amount was excreted unconjugated p-Toluic 
acid was conjugated with glycme to a much greater 
extent than was m-tolmc acid, but both these isomers 
were conjugated with glucuromc acid to a smaller 
extent than was o tolmcacid Bemhard(1937),onthe 
other hand, found that the dog excreted all three 
tolmc acids imconjugated 

In this mvestigation the effect of the acids and 
amides on the excretion of ether soluble acid, 
reducmg material and ethereal sulphate by rabbits 
was studied and the nature of the mam metabohtes 
dete rmin ed 

MATERIALS AND METHODS 

Matenali The aoids used were obtained either from 
British Drug Houses Ltd or from Hopkm and WdUams Ltd 
The amides were prepared from the correspondmg mtnles 
(from the same sources) by the method of NoUer (1933) 
Phthalide was prepared from phthahmide (Bntish Drug 
Houses Ltd ) by the method of Reissert (1913) 

Diet and dotage The rabbits used were does of 2-3 kg and 
received the diet previously desonbed (Bray, Ryman 4, 
Thorpe, 1947) throughout the mvestigation The compounds 
were administered by stomach tube, the acids as solutions 
of their sodium salts and the amides as suspensions in water 
The only compound which possessed marked toxic pro 
perties at dose levels up to 0 3 g /kg was o toluamide At 
a dose level of 0 26 g /kg this compound caused a deep 
narcosislasting several hours, although the animals recovered 
completely Dosesofo tolmcacidcorre^ondmgtoO 76g /kg 
weremsome oases fatal and m toluamide occasionally caused 
slight narcosis The other compounds were without toxio 
effect at the dose levels used. 

Quantitative methode The methods used for the estrmation 
of ether soluble acid, reducmg material and ethereal sulphate 
have already been desonbed (Bray, Thorpe & Wood, 1949) 
Toluene fractionation of the ether soluble acid was not 
earned out, smce the differences m the solubdities of the 
tolmo and toluno acids were not snfSoiently well defined The 
presence of labile ether soluble gluouromdes which might 
decompose dunng toluene extraction would also comphcate 
the mterpretation of the results obtamed 

RESULTS 

Quant%tative studies 

Normal excretion of metabolites The average dady output 
of ether soluble acid, reducmg matenal and ethereal sulphate 
for mdividual rabbits ranged as follows 629-862 mg 
(calc as hippuno acid), 130-244 mg (as glucuromc acid) and 
33-45 mg SO, In sixty-one experiments the average per 
centages, by which the weekly average figures used as base 
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Ime values for the calculation of results differed from the 
individual overall averages, were, for ether soluble acid, 
±7 % , and, for reducing values, ±8 % The correspondmg 
difference for ethereal sulphate m sixteen experiments was 
±8% (±3 mg SO,) 

Metabolism of o toluic acid and amide The results obtamed 
are given m Table 1 It can be seen that the percentages of 
the doses of o tolmc acid excreted as ether soluble acid and 
as ester gluouromde are approximately the same The 
experiments recorded m Table 2 show that the reducing 
power of the ether soluble acid was, withm experimental 
error, identical with that of the urme as detennmed directly 
Thus ether soluble ester gluouromde appears to be the 
pnncipal metabohte of o tolmo acid m the rabbit 


Table 1 Metabolism of o toluic acid and amide 
in the rabbit 


Percentage of dose excreted as 



Ether soluble 

Ester 

Babbit no 

acid 

gluouromde 

0 Tolnio aoid (dose level 0 

3g/kg) 

134 

77 

70 

134 

67 

83 

216 

72 

64 

216 

71 

61 

216 

84 

61 

216 

78 

68 

221 

70 

71 

228 

84 

86 

228 

83 

86 

228 

78 

86 

228 

— 

80 

228 

— 

66 

229 

79 

81 

Average 

77 

73 

0 Toluannde (dose level 0 26 g /kg ) 

134 

46 

13 

134 

18 

— 

134 

10 

— 

168 

22 

9 

168 

17 

11 

168 

0 

— 

168 

29 

16 

190 

23 

— 

216 

37 

12 

216 

60 

— 

217 

0 

77 

227 

0 

— 

227 

42 

13 

227 

38 

15 

228 

31 

31 

228 

46 

16 

228 

0 

— 

229 

0 

6 


The analytical results obtamed from o toluarmde urme 
were very variable Purther, the ‘extra* reducmg matenal 
could not, as m the case of o tolmo acid unnes, always be 
completely extracted with ether, and presumably, therefore, 
did not consist only of the ester gluouromde metabohte of 
o tolmo aoid In view of the toxicity of o toluamide it seems 
possible that the extra reducmg matenal represents a 
response similar to that observed with o and m acototolui 
dides (Bray & Thorpe, 1948) A similar effect has also been 



Vol 45 


l\IETABOLISl\I OF TOLTJIC ACIDS AND MODES 


47 


Table 2 Ether sohthic nature of reduang viatcrial excreted by rabbits 
after adiniinstratxon of o fofiiic acid 

Reducing value (expressed ns mg gluourotue noid) 







1 

Tjnnc after other 

Ether soluble 

Total 

Rabbit no 

Dose* (g ) 

24 hr period 

Dnno 

extraction (a) 

material (5) 

(a) + (i) 

228 


1st 

253 

205 

12 

217 


1 

2nd 

1403 

293 

1038 

1330 



3rd 

286 

239 

10 

265 

228 


let 

199 

192 

15 

207 


1 

2nd 

1270 

281 

960 

1231 



3rd 

251 

270 

24 

294 

223 


1st 

250 

207 

14 

281 


1 

2nd 

1105 

200 

907 

1173 



3rd 

212 

211 

34 

245 


* Dose admimstcrcd at beginning of second 24 lir period 


observed m some cases after dosage sntli o xjlcne, when 
the urme eontams extra reduemg matcnnl which is insoluble 
in ether, in addition to the usual amount of ether soluble 
reducingniatcnal(presumablyo toluylglueuromcncid) which 
IS excreted alone m the majority of the expenments (Bras 
elal unpubhahed results) o Tolunmide is the only compound 
of the BIX studied which hod any effect on the ethereal 
sulphate excretion, but this effect was verv small and almost 
withm experimental error 

Meiahohsm of ra toluic acid and amide Table 3 summanzes 
the results obtained The percentages of the doses of acid and 
amide excreted as ether soluble acid are comparable, but the 


Table 3 Metabolism of m toluic acid and 
amide tn the rabbit 

Percentage of dose excreted os 

- . ■* 

Ether soluble Ester 
Rabbit no acid glucuromde 

jn Toluic acid (dose level 0 3 g /kg ) 

134 
134 
182 
185 
191 
216 
229 
229 
231 
233 

233 

234 
244 

Average 


134 

134 

134 

182 

216 

231 

247 

248 

249 
260 


Average 


104 

33 

90 

40 

90 

23 

— 

25 

— 

28 

100 

28 

76 

27 

81 

29 

100 

27 

87 

9 

103 

18 

— 

20 

— 

30 

93 

26 

dose level 0 3 g /kg ) 

89 

16 

108 

20 

84 

13 

102 

0 

98 

6 

96 

2 

84 

3 

84 

6 

97 

8 

94 

3 

94 

9 


extent of glucuromde conjjigation is much less in the case of 
the amide The quantitative results considered without 
reference to the nature of the metabohtos of the amide 
suggest that the cnrbamj 1 group is completely hydrolysed, 
whereas, as will be described later, the acid arises only m part 
from the hydrolj sis of the amide group, the remamder bemg 
the result of oxidation of the methyl group The ester 
glucuromde is complctcH extracted bv ether and is, there 
fore, mcludcd in the ether soluble acid total Neither acid 
nor amide caused any increase m ethereal sulphate excretion 
Metabolism of p toluicacid and amide The results obtamed 
with these compounds arc summanzed m Table 4 The ether 
soluble acid from the amide represents the extent of amide 
hydrohsis more nearly than m the case of m tolnamide. 


Table 4 Metabolism of p toluic acid and 
amide in the rabbit 


Percentage of dose excreted as 


Rabbit no 

Ether soluble 
acid 

Eater 

glucuronlde 

p Toluic acid (dose level 0 3 g /kg ) 

134 

88 

31 

213 

— 

14 

219 



24 

228 

— 

21 

229 



19 

234 

— 

13 

244 

— 

4 

244 

102 

7 

247 

93 

9 

247 

110 

11 

247 

— 

13 

248 

99 

10 

249 

105 

14 

249 

89 

7 

Average 98 

14 


p Toluamide (dose level 0 3 g /kg ) 


182 

70 

6 

216 

67 

3 

220 

— 

2 

221 

88 

6 

221 

67 

4 

231 

71 

2 

234 

92 

4 

Average 

74 

4 
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though here also a small proportion of the dose (at least 
0 6 %) IS esoreted with the carbamyl group mtact and the 
methyl group oxidized to carboxyl (see p 49) The ester 
glucuromde formed is completely extracted by ether Neither 
acid nor amide caused any increase m ethereal sulphate 
conjugation 

Hydrolytis of toluamides by rabbit liver extracts Solutions 
of the three amides (0 01204 m) m phosphate buffer (pH 7 4) 
were mcubated with rabbit-hver extracts prepared as 
previously described (Bray, James, Ryman & Thorpe, 1948) 
and the degree of hydrolysis measured by estimation of the 
NHj hberated (Bray, James, Raffan, Ryman L Thorpe, 
1949) Table 5 summarizes the results obtamed from three 

Table 6 Hydrolysis of toluamides and 
p nitrobemamide by rabbit liver extracts at pH 7 4 

Average percentage hydrolysis 
Amide by hver extract m 


3 hr 20 hr 

o Tolnamide 2 5 3 0 

m Tolnamide 7 0 13 0 

jj Tolnamide 19 0 48 6 

p Nitrohenzamide 13 0 42 0 


experiments with each isomer In one of each of these, 
formol titrations gave results agreeing with the NHj values 
withm the limits of experimental error Values for p mtro 
benzamide are also mduded m order to enable comparison 
to be made with the behaviour of an amide which has been 
shown to be completely hydrolysed m the mtaot animal 
(Bray, Thorpe A Wood, 1949) 

Qualitative studies 

Metabolites of o toluic acid No metabohte of o toluio acid 
could be isolated from the ether extract of the unne as 
collected from rabbits dosed with this acid Contmuous 
extraction of the acidified unne, however, juelded a brown 
syrup which gave strongly positive naphthoresoromol and 
reducing (Benedict’s) tests The quantitative results recorded 
m Tables 1 and 2 suggested that this consisted pnmanly of 
ester glncuromde, but attempts to obtam this m a ciy stalhne 
form were unsuccessful, probably owing to its mstabihty 
When a concentrated solution of the syrup m aqueous 
ethanol was allowed to evaporate at ordinary temperature 
m air, crystals of o tolmc acid were deposited, but whether 
from the decomposition of the glucuromde or because the 
acid was present as an mdividual excretion product could not 
be detemuned. It is possible that a small amount of o tolmo 
acid maybe excretedunoonjugated smoe m some experiments 
the ether soluble acid excretion was greaterthan the excretion 
of ester glucuromde (Table 1) Glycme conjugation, if it 
occurred at all, took place to only a slight extent smce 
exammation of the ether soluble material by toluene 
fractionation as described for the other isomers yielded no 
o tolnno acid 

We failed to isolate the glucuromde by the usual lead 
precipitation method which yielded only syrups from which 
crystaUme products could not be obtamed, even by means of 
ether extraction Smoe the only product identified after 
hydrolysis of the ether extracts was o tolmo acid it is probable 
that the glucuromde is o toluylgluouromde 

Metabolites of o tolnamide The 24 hr unne of ten rabbits 
which had each received 0 5 g o toluamide was contmuously 
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extracted with ether for 24 hr , first as collected (extract A) 
and then after acidification with 2 n HjSO^ (extract B) The 
residue from the second extraction was hydrolysed by boiling 
and then contmuously extracted with ether (extract C) 
Extract A was a clear yellow syrup which ciystalhzed 
ReorystaUization fium water gave wito plates (m-p 70°) 
Dnrmg recrystalhzation they melted to form a pale yellow 
oil havmg an odour resembhng that of the tolumtnles The 
compound, which was mtrogen free, was identified ns 
phthahde and gave no depression of meltmg pomt on mixing 
with an authentic specimen (m p 70°) (Found C, 713, 
H, 4 4 Calc for CgHjO,, C, 71 7, H, 4 5 % ) The total yield 
of phthahde was approx 1 g 

Extract B was a dark brown syrup which slowly deposited 
crystals The first crop (200 mg ) was separated and after 
recrystalhzation from water had m p 116-118° It appeared 
to be crude benzoic acid, giving no depression of meltmg 
pomt when mixed with the pure acid (m p 120°) The 
residual syrup finally crystalhzed almost completely The 
Bohdmatenal was separated onaporous tile andrecrystalhzed 
from water (charcoal), and yielded 700 mg pure benzoic 
acid(mp 120°) (Found C,69 2,H,5 0 Calc forC7H,0,, 
C, 689,H,49% ) Its identity was confirmed by conversion 
to benzamhde (m p 163°), which did not depress the m p 
163° ofan authentic specimen No metabohte of o tolnamide 
could be isolated from extract C 

Metabolites of m tolmc acid The other soluble matenal 
from acidified m tolmo acid unne was fractionated by 
refluxing with toluene The dark brown syrup was almost 
completely soluble m the hot solvent, but crystals and syrup 
were deposited on cooling Recrvstalhzation of this matenal 
from water (charcoal) gave needles (m p 140°), which were 
strongly acidic to congo red and were identified as in toluno 
acid (Found N, 7 0, eqmvalent (by titration) 190 Calc for 
CioHiiOjN, N, 7 3%, eqmvalent 193 Gleditech & Moeller 
(1889) gave m p 139° ) The toluene filtrate obtamed after 
separation of the crude tolnno acid was evaporated to dry 
ness under reduced pressure and yielded a brown syrup 
This, on treatment with dilnte aqueous ethanol, gave needles 
which after recrystallization had m p 110°andwereidentical 
withanauthentiospecimenofTn tolmc acid (mixed m p 110°) 

It was difficult to establish the yields of the two metabohtes 
desenbed, smce it is certam that a proportion remamed m the 
mtractable syrupy residues The amounts of tolunc and 
tolmo acids isolated were 1 0 and 0 5 g respectively from 
doses of m tolmo acid totalling 3 g The only product isolated 
after hydrolysis of the syrupy residues was m tolmo acid 

Metabolites of m tolnamide Extraction of m tolnamide 
unne as collected gave no recognizable crystaUme product, 
suggestmg that httle or none is excreted unmodified 

Dnrmg contmuous ether extraction of acidified m toln 
amide unne sohd matenal separated from the ethereal 
solution After 24 hr extraction this sohd was separated, 
and, after exhaustive extraction with boilmg toluene, re 
ciystalhzed from aqueous ethanol Theprodnethadm p 278° 
and on aoid hydrolysis gave tsophthaho acid (m p 334°) 
Analysis confirmed the identity of the metabohte with 
tsophthalamio acid (m oarbamylbenzoio acid) (Found 
N, 8 2, eqmvalent (by titration) 160 Calc for CgH^OjN 
N, 8 6%, eqmvalent 165 ) Yield of isophthalanno acid 1 7 g 
from a total dose of 5 g m toluamide The toluene soluble 
matenal appeared to be crude hippnno acid contammated 
mainly with ijophthalamio aci(L 

After removal of the crude t^ophthalamio acid from the 
ongmal extract the ethereal filtrate was evaporated to 
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dryness and the residvml B^nip fractionated m the same wnj 
as the ether soluble matcnal from iii toluic acid iinnc 
m Toltuo and m tolunc acids uere thus isolated in jields 
of 0 3 and 1 8 g respcctiveh from an original total dose of 
5 g m toluamide The final fraction from the iii tolunc acid 
mother liquors appeared to be crude acid similar to that 
extracted by toluene from the crude isophthalamic acid 
Meiaboliles of p iolmc acid The ether soluble matcnal 
obtamed b} contmuous extraction of acidified rabbit iinne, 
correspondmg to a dose of 3 g p tolmc acid, rras a light- 
brovmsvrupryhichcrystalhzedalmostcompleteh onstanding 
at room temperature By tnturation mt h u atcr in the cold 
most of the reducing matcnal ivas removed, lca\ ing a residue 
■which, after recrystallization from ivatcr (charcoal), gave 
vrhite plates (m p 14(>-1-17°) These rvcrc extracted with 
boding toluene and resolved into two fractions (a) crystals 
(100 mg ), readUv soluble in toluene (m p 178-180°), which 
did not depress the m p , 179°, of an authentic specimen of 
p tolmc acid, and (6) crystals (2 g ) oidy slight Ij soluble In 
toluene (m p 163°) These were stronglj acidic to congo red 
and proved to be p toluno acid (Found N, 7 3 , equivalent 
(by titration) 189 Calc for C,oH„0 jN, N, 7 3 % , cqiuvalcnt 
193 Gleditsch t Moeller (1889) found m p 101—102° ) 

The aqueous tnturato (above) was extracted by slmlang 
■with ether Evaporation of the ether from the extract 
yielded only a small amount of p tolmc acid The residue 
after extraction reduced Benedict reagent, but wo were not 
able to isolate p toluylglucuromc aad Attempts to obtam 
it by the normal lead precipitation procedure were also 
rmsuccessful 

MelaboUtes of p ioluamtde The chief metabolite of p tolu 
amide is p toluno acid which waa isolated (2 5 g corre 
sponding to the administration of 4 g amide), together ■with 
small amounts of p tolmc acid (120 mg ), bv the method 
described above The amounts obtamed were similar to those 
isolated from p tolmc acid unno It was also observed that 
a small amount of matcnal was much less soluble in water 
than were toluno or tolmc acids This was separated and 
recrystalhzed from aqueous ethanol It was acid to Congo 
red and did not melt, but sublimed at about 300° Those 
properties were consistent with those of terephthnlamio aoid 
(p carbamylbenzoio aad) (Found N, 8 1 % Calc for 
C,H,0,N, N, 8 6 % ) Yield 20 mg 
Extraction of p toluamide urme as collected gave needles 

i>-tol'iamido or p tolmo 
aad. The amount isolated (6 mg) was not sufEcient for 
laentification. 

DISCUSSION 

to an earlier paper of this senes (Bray, Ryman & 
J-horpe, 1948) we discussed the metabolism of 
vmous aromatic compounds from the pomt of viexv 
of the p^nce m their molecules of groupmgs which 
nan y conjugated and of groupmgs 'wluoh 

nlnce° ^dified so that conjugation can then take 
^aw The metabolism of the toluamides is of 
connexion These com 
both the conjugable groups, but 

centres for n ^ a carbamyl groups are potential 
masmuch as the'v mav be 
h°Xo^it*° groups, by oxidation' and 

gradation m metabolic behaviour In the para 
Biochem 1949, 45 


isomer tho carbamyl group is largely hydrolysed and 
the ONcrotion products aro very similar to those of 
tho corresponding ncid Hydrolysis is not qmto 
coniploto, hoM over since a small amount of tereph 
thalamio acid is formed, indicating that oxidation 
of the other potential centre for conjugation does 
occur Tho tercphthalamic acid isolated appears to 
have been ONCroted unconjugated In >n toluamide 
tho ovtoiit of the hydroly tic and oxidative reactions 
18 marlvodh difrercnt from that in tho para isomer 
Nearly half the doso is excreted os isophthalamic 
acid, and tho roniamdor ns derivatives of m tolmc 
acid Since both torophthalamio and isoplithalamic 
acid are excreted imconjugatod, it appears that 
potential centres for conjugation may^ be converted 
into actual centres oven if conjugation cannot or does 
not then take place 

Thocxcretionproductofo toluamide isolatedmorits 
mdixndunl consideration Phtlialido may arise from 
o toluamide by means of the following reactions 



Tlie fact that the studies m vitro suggested that the 
carbamyl group m o toluamide is biologically stable 
may be mterproted ns evidence agamst a metaboho 
pathway mvol^ving reactions (3), (4) and (6), as may 
also tho fact that phthahde could not be isolated 
fromo toluic acidunne Failure to isolate o hydroxy 
methylbenzoic acid should not be regarded as final 
endenco against reaction (6), owmg to the ease vnth 
winch tins compound is converted to phthahde It 
is unfortuna^te that o hydroxymethylbenzaimde has 
not been prepared, smee its properties might 
determme whether phthahde could be formed 
directly by reaction (2), or only through o hydroxy- 
methylbenzoic acid (reactions (6) and (6)) It thus 
appears that the first metaboho reaction which 
o toluamide undergoes m the rabbit is oxidation of 
the methyl group The resultmg primary alcohol is 
however labile, undergomg, chrectly or mdirectly, 
rmg closure to form phthahde So far as we are 
aware there is only one cited example of the isolation 
of this mtermediate stage m the oxidation tn mvo of 
a methyl group attached to the aromatic nucleus 
This IS the isolation of o mtrobenzyl alcohol as a 
metabohte of o mtrotoluene (Jaffd, 1878—9) It is 
often difficult to isolate mtermediate products m 
biological reactions of this type and lactonization 
such as occurs m the formation of phthahde may 
proxude a means of ‘fixing’ and identifymg the 
mtermediate products m other oxidations We are 

4 
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examinmg some other alkyl derivatives of benzamide 
■with this end m •vie'w 

It IS clear from the ^n mvo experiments that ni and 
p toluarmdes can act as substrates for two different 
enzyme systems, one oxidizmg the methyl group and 
another hydrolysmg the carbamyl group The results 
of tn vUro experiments ■with hver extract recorded 
m Table 6 were obtamed by estimation of ammoma 
and thus represent the hydrolysis of the carbamyl 
group only Smce correspondmg results were ob 
tamed by formol titration, it seems probable that the 
prmcipal, if not the only, reaction occurrmg m 
digests ■with hver extracts is hydrol 3 ^is of tlie 
carbamyl group The use of extracts appears, m 
effect, to isolate one of the enzyme systems 

In ■view of the fact that only phthahde was 
isolated as a metabohte of o toluamide it is dilRcult 
to comment upon tlie analytical results obtamed 
(Table 1) The significance of the reducmg values has 
already been discussed The benzoic acid isolated 
from acidified but unliydrolysed o toluamide urme is 
presumably a normal metabohte of the rabbit, 
though it IS not usually isolated m such com 
paratively large amounts If o toluarmde inhibits 
glycme conjugation it would not be expected that 
the amount of ether-soluble acid would differ greatly 
from the normal amount, smce m vitro experiments 
suggest that the carbamyl group of o toluamide is 
stable The analytical results, however, suggest that 
extra ether soluble acid is usually excreted, although 
the amount is variable We have not j'et been able to 
detemune the nature of this extra acid 

SUMMARY 

1 The metabolism of the ■toluic acids and then 
amides m the rabbit has been studied both quanti- 
tatively and quahtatively 
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2 The acids are excreted as conjugates of glycme 
or glucuromo acid, the latter bemg ether soluble 
Small amounts are excreted unchanged 

With the amides, the methyl group may be 
oxidized or the carbamyl group hydrolysed (or both), 
and the resultmg carboxylic acids excreted free or 
conjugated as above With the possible exception 
of o toluamide, there is no evidence of ethereal 
sulphate formation 

3 The percentages of the dose excreted as ether 
soluble acid were acids — ortho, 77 % , meia, 93 % and 
para, 98%, amides — mcta, 91% and para, 74% 
These values include the ether soluble eater glu 
curomdes 

4 m and p Tolmc acids are excreted unchanged 
(17 and 3 % respectively isolated), and conjugated 
with glucuromo acid (26 and 14 %), and ■with glycine 
(23 and 46 % isolated) 0 Tolmc acid is conjugated 
■with glucuromo acid, but glycme conjugation was 
not observed 

6 After dosage ■with m and p toluarmdes, tolmc 
(6 and 3 % respectively), ■bolunc (26 and 43 %), and 
wophthalamic (28 % ) or terephtlialamic (0 4 %) acids 
were isolated Glucuromde excretion accounted for 
9 and 4 % respectively 

6 Tlie only metabohte of 0 toluamide isolated 
was phthahde (20 % of the dose), which probably 
arose from 0 hydroxymethylbenzoic acid or amide 
Consistent analytical results could not be obtamed 

7 Rabbit hver extracts hydrolyse 0 , m- and 
p toluamides to the extent of 3, 13 and 49 % 
respectively 

The authors are mdehted to the Royal Society for a 
Government Grant irhioh defrayed part of the cost of this 
investigation, and to Dr Sybil P James and Miss M R 
WasdoU for carrymg out the enzyme experiments The 
microanalyses were earned out by Drs Weiler and Strauss, 
Oxford. 
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There is much e\udenco mdicntmg the non identity 
of acid phosphatases of different origin Daxnes 
(1934) has shown that the acid phosphatase of the 
red cell differs from that of spleen m that tho former 
hydrolj'ses a glycerophosphate much more readily 
than the p compound, while mth the spleen cnzjmo 
P glycerophosphate is hydralj-sed more quicklj 
Kutscher & Womer ( 1936) described tho irro\ ersiblo 
inactivation of the prostatic acid phosphatase by 
certam narcotics, mcludmg alcohols Tins was used 
by Herbert (1944, 1946, 1940) for the identification 
and determmation of tho prostatic enzjuno m blood 
serum, whose normal acid phosphatase is hardly 
affected by ethanol treatment Kmg, Wood 
Delory (1946), on the other hand, found tho acid 
phosphatases of prostate and red cells to bo similar 
m many respects, mcludmg easy destruction by 
ethanol, but formaldehyde and l tartrate (Abul- 
Fadl &, King , 1947, 1948a, 6) sharply distinguish the 
two enzymes by complete mactiv ation of the one or 
the other In the present investigation the question 
of the identity of these two acid phosphatases is 
i^her dealt with For this purpose, the rates of 
h^oljTOs of phenyl phosphate by each enzyme at 
^erent pH values were determmed, together with 
the relative rates of hydrolysis of a and 8 glycero 
phospha^ This was followed by studies of the 
effects of organic and morgamc substances belongmg 
to ^erent groups of a possible activatmg or 
u 1 mg nature The nature of the enzymes is dis- 
cussed m the hght of these experiments 

experimental 

Enzyme solutions 

decapsulated, 

toluene were'^ed°Ind A few drops of 

filtered and hurhl^ Ti f j nurture was then 

detennmiagiUaobvity'^ 1000-6000 times) before 

«heep, pig, 

the top layer of^te centnfiiged, the plasma with 

Washed red cells a^mll wo wid decantation, 

immediately for detenmnmgrei^^^,;^ used 


Dclcrimnatwn of pH hydrolysis curves 

Acetate buffor solutions wero prepared to cover the range 
of j)H 3 C-C 0 Tho pll of each solution was determmed by 
the indicator method and by the glass electrode (Jluirhead) 
after mixing with an equal volume of tho 0 02 u disodium 
phenyl pliosphato substrate solution and warming the 
mixture to 37^ in a water bath Tho hy drolysia penod was 
cxncth 30 mm at 37°, w hen tho liberated phosphorus or 
phenol was determmed 

Activating and inhibiting substances 

Metallic tons, acid radicals and amino acids The effects of 
tho following subst inccs on tho rates of onzymio hydrolysis of 
phenvl phosphate b\ tlioprostaticand tho red coll acid phos 
phatascs have been investigated Ca'*"*', Co"'”'", Cr"'"'^''', Cu'*'*, 
Fe'*"*"*’, Mn'*"*' and Zn** , arsenate, citrate, oyamde, formate 
fluondo, oxalato, salicylate tartrate and tanroglycocholato, 
gly omo, alanine, cystemo and glutathione Solutions of the 
pure substances (A R whenever possible) were prepared so 
that 1 ml of each solution, when mixed with buffer, substrate 
and enzymo solutions, would furnish tho appropriate con 
centration of tho substance m tho final mixture Acetate or 
citrate buffers of pH 6 0 wore used. Tho hberated phenol was 
determined as an index of activity, except when there was 
a direct mtcrferonce by certam metals or other substances 
with the method of phenol estimation In such cases the 
liberated phosphate was dotermmed either by the King 
(1932) method or by the Alien (1940) amidol method, and 
acetate was used instead of citrate buffer which mterferes 
with tho determination of free phosphate 

lodoaceiic acid Neutral solutions contarmng 6-10 mg of 
lodoacotate were mixed with the enzyme solutions and the 
activities were dotermmed with and without previous 
mcubation 

Slilboeslrol (4 4' dihydroxy afi-diethylsltlbene) Tablets 
contnming 6 mg stilboestrol were ground m a mortar and 
thoroughly extracted with dry chloroform The clear 
filtered ahloroform extract was adjusted to a concentration 
of 1 mg stdboestrol/ml 

The effect of this substance on prostatio and red cell 
phosphatases was studied m two ways (o) by moubatmg 
the enzyme solution with stilboestrol for 1 hr at room 
temperature, and comparing its activity with that of un 
treated solution, which was similarly incubated. For this 
purpose 6 ml stdboestrol solution m chloroform (Img /mL) 
were pipetted mto a 100 ml measuring flask and evaporated 
by gentle warming m a water bath The flask was then 
filled with the enzyme solution, and kept at room temper 
ature for 1 hr with gentle rotation to assure saturation and 
equal distribution of the stilboestroL (6) By molnding 
0 6 mg stdboestrol m the buffer substrate enzyme mixture 

4 2 
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In every case, chloroform vaa completely elimmated 
before mixing mth the enzyme This is especially important 
m the case of the prostatio phosphatase which is sensitive 
to this substance Vigorous shaking was avoided, smee the 
prostatio eniyme is rapidly inactivated, especially m dilute 
solutions 

RESULTS 

The pH hydrolysis curs^e indicates the presence of 
two acid phosphatases in the red cells of man and 
other arumals, a ‘first acid enzyme’ with optimum 



with added 0 01 m Mg"^ 

pH of 4 3—4 8 and a ‘ second acid enzyme ’ optimally 
active at pH 6 0-6 7 The optimum for each enzyme 
was found to vary a httle, not only fiiom one species 
to another, but even m different mdividuals of the 
same animal species The first acid enzyme is very 
labile and can no longer be detected m enzyme 
solutions which have been left to stand at room 
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temperature for a few hours In some species the 
two optima he well apart from each other and are 
fairly sharp (e g liuman, rabbit, ox and sheep. 
Fig 1) In other species, however, the two optima 
are so close to each other, and that of the second 
enzyme (of higher pH optimum) is so broad that 
they are difficult to determme (e g pig and rat. 
Fig 2) 



Fig 2 pH HydrolyBis curves of 0 01 ir phenyl phosphate 
by red cell acid phosphatases Sohd Ime, without added 
Mg"''*', broken hne, with added 0 01 m Mg"*^ 



Fig 3 pH Hydrolysis curve of 0 01 n phenyl phosphate by 
prostatio acid phosphatase Sohd hne, without added 
Mg++, broken hne, with added 0 01 M Mg"*^ 

Magnesium mhibits the phosphatases of the red 
cells especially m the more acid range In some cases, 
where the enzyme activity was stdl marked at pH 
6 0, magnesium was either without effect or showed 
slight activation, but m every case there was pro 
nounced inhibition at the optimal pH 

Fig 3 shows the shape of the pH-hydrolysis curve 
of phenyl phosphate by prostatio acid phosphatase 
There is only one clearly defined optimum, at 
pH 6 0-6 2 Magnesium, at different pH values, was 
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either without effect or produced mlubition only- 
near the optimum Tlie absence of marked udnbition 
at the more acid pH, which was verj pronoimccd m 
the case of the phosphatases of the red colls, confirms 
the homogeneity of the prostatic enzjme 

Table 1 shows the relative rates of hydrolj'sis of 
a and p gtycerophosphates and phenyl phosphate 
by the acid phosphatases of the prostate and red cells 
P Glycerophosphate is very slowly h 5 '-drol 3 'Sod by 
the red cell enzyme Tlie a isomer is more quiclJy 
hj^drolysed and phenjd phosphate much more 
rapidly The \ ery low actintj’- of red coll phos 
phatases against p glycerophosphate has been 
repeatedly confirmed with red cells from different 


P glycerophosphates, but it seems to mlubit very 
slightly the hj'drolysis of phenyl phosphate (though 
not as much as it does -with the red cell enzyme) 
Table 2 shows the effect of certam metaUic ions on 
the acid phosphatases of plasma, prostate and red 
colls In acetate buffer calcium inhibits the red cell 
onzjTno slightly and the prostatic enzyme more 
stronglj’- (In citrate buffer, however, these m 
lubitory effects completely disappear owmg to the 
fonnation of calcium complexes -with the citrate ) 
Cliroimum, cobalt, manganese and zmo aU have 
\ ariable inlubitory effects on prostatic and red cell 
phosphatases, and none was found to exhibit the 
shghtest activatmg property 


Table 1 Eclative rates of hydrolysis of a- and J5 glycerophosphates and phenyl phosphate 
by the acid phosphatases of the prostate and red cells 

(Acetate buffer pH 6, 30 mm at 37° ) 


Hydrol 3 fBi 8 (mg P/30 mm /lOO ml enzyme solution) 


Enzyme solution 

1 — “ ■ ' 

0 02 m p Qlycerophoaphato 

0 02m 

a Glycoroph 

osphate 

\ 

0 005 m Phenyl phosphate 


Without 

Without 


A 

Without 


Mg 

0 003m Mg 0 OlM Mg 

Mg 

O 003 m Mg 

0 01m Mg 

Mg 0 003 m Mg 0 01 m Mg 

Bed cells (human) 

02 

0 25 0 3 

11 

11 

11 

65 — 48 

Bed cells (human) 

02 

0 2 0 25 

02 

92 


43 37 — 

Prostate m normal sahne 

29 

29 30 

28 

23 



S3 — 50 


Table 2 Effect of metallic tons on the acid phosphatases of plasma, prostate and red cells 

(Sodium phenyl phosphate aubstrate, acetate buffer, pH 6 , 30 mm at 37° Activity expressed as ‘units’, 
1 e mg P/30 mm /lOO ml enzyme solution ) 


Enzyme solution 
Bed cells (human) 

Bed cells (human) 

Bed cells (rat) 

Plasma (noimal) 

Prostate m normal sahne 
Semmal fluid 

Prostate m normal plasma 


Percentage inhibition 


Control enzyme 
■without inhibitor 

Calcium 

Chromium 

Cobalt 

— 

Manganese 

Nickel 

\ 

Zmo 

(umts/lOO ml ) 

(0 OlM) 

(0 OlM) 

(0 OlM) 

(0 OlM) 

(0 OlM) 

(0 001 M) 

80 

14 

26 

0 

15 

— 

20 

47 

17 

17 

4 

16 

23 

23 

88 

10 

20 

— 

17 

— 

— 

42 

0 



0 

10 

28 

0 

60 

40 

8 

0 

4 

11 

40 

100 

60 

9 

— 

7 

21 

62 

10 0 

16 


0 

0 

4 

12 


sources and with different dilutions of enzyme, whicl 
wem moubated with this substrate and acetate 
buffere at pH values from 3 6 to 6 6 for vanoui 
glycerophosphate was £ 
crystalline sample (Boots Pure Drug Co Ltd ), anc 
was rapi^y hydrolysed by the prostatic enzyme, a. 
weU as by several alkaline phosphatases ) Mag 

slmbT activates very 

nrSa 1 ^ glycerophosphate whS 

^ectmg that of the a isomer Ii 
^nlo sphttmg of the phenyl ester 

b-s^theTrf the other handf hydro 

TtL cempho^hate almost at the same rat, 

and 0 01.) m alm.rnSr^--rtrJ0^^; 


Table 3 shoivs the effect of copper and iron on the 
acid phosphatases of the prostate and red cells That 
the nature of the buffer is of considerable importance 
m the study of the effect of metals is also clearly 
shown Copper m concentrations as low as 0 0002m 
IS a strong inhibitor of the red cell phosphatases 
(about 90 % inhibition) m either acetate or citrate 
buffer media With the prostatic enzyme copper m 
acetate causes shght inhibition (about 8 % -with 
0 0002 M CuSOj), with citrate buffer, on the other 
hand, a marked activation is noticed -with 0 001 and 
0 0006m copper sulpliate 

In an acetate buffer the iron present is m the form 
of a colloidal basic iron acetate This causes a serious 
inhibition of the prostatic enzyme (80-90 %) and a 
less marked mhibition of the red cell phosphatases 
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Table 3 E^ect of copper and iron on the acid phosphatases of prostate and red cells 
in presence of acetate and entrate buffer solutions 

(Disodium phenyl phosphate substrate, 30 mm at 37° Activity expressed as mg P/30 mm /lOO ml enzyme solution ) 



Enzjnne activity 
"witliout mlubitor 

Percentage mhibition m presence 
of copper 

K 

Percentage inhibition n 
presence of iron 

A 

Enzjune solution 

(imits/lOO ml ) 

OOOlM 0 0006 m 

0 0002m ' 

OOOlM 

> 

0 OOOoM 


Acetate buffer pH 6 0 




Red ceUs (human) 

63 

06 06 

06 

26 

0 

Red cells (human) 

47 

100 — 

— 

26 

0 

Red cells (human) 

80 

00 88 

85 

18 

6 

Prostate m normal saline 

60 

22 10 

— 

so 

— 

Prostate m plasma 

60 

42 18 

8 

78 

78 


Citrate buffer pH 6 0 




Red ceUs (human) 

47 

00 04 

00 

6 

0 

Prostate 

146 

(16A.)’^ (8A )* 

0 

0 

0 


* A = Activation. 


Table 4 Effect of glycine, alanine and cysteine on the acid phosphatases of prostate and red cells 
(Acetate buffer pH 6, O-OOSu phenyl phosphate substrate, 30 mm at 37° ) 

Hydrolysis (mg P/hr /lOO mb enzyme solution) 

A 

f 

Control Glycme (m) Alanme (m) Cysteme (m) 


(nothmg r 


Enzyme solution 

added) 

0 02 

0 01 

0 005 

0 0001 

0 02 

0 01 

0 006 

0 0001 

0 02 

0 01 

0 006 

0 001 

Red cells (human) 

22 

23 

23 

22 

22 

— 

— 

— 

— 

36 

40 

42 

— 

Red cells (rat) 

40 

— 

— 

— 

• 

— 

— 

— 

— 

— 

Red cells (human) 

28 

28 

20 

20 

29 

28 

28 

28 

30 

27 

30 

30 

30 

Red cells (human)* 

20 

20 

29 

30 

29 

29 

30 

30 

30 

27 

29 

31 

30 

Prostate m normal salme 

41 

36 

37 

40 

42 

37 

39 

40 

42 

42 

46 

43 

43 

Prostate m normal sahne* 

40 

36 

37 

39 

30 

— 

— 

— 

— 

37 

43 

44 

42 

Semmal flmd m normal sahne 

20 

— 

— 

— 

— 

— 

— 

— 

— 

26 

31 

— 

34 


* After 3 days’ dialysis m ceUophan bag at 6° against nmmng distdled water 


(10-26 %) In citrate buffer medium, however, the 
pronounced inhibitory action on the prostatio 
enzyme is completely annulled, wlule the inlubition 
of the red cell enzyme is still marked with 0 001 m- 
concentration, but is abohshed when the concentra- 
tion IS reduced to 0 0006 m 

Table 4 shows the effect of glycme, alanme, and 
cysteme on the phosphatases of prostate and red 
cells The concentrations of glycme and alanme, 
whicli have been reported to activate the alkahne 
phosphatases, do not exhibit such an effect on the 
acid enzymes Higher concentrations of these ammo 
acids have no effect on the red cell enzymes, but 
shghtly inhibit the prostatic phosphatase Cysteme 
m 0 02m concentration produces a shght inhibition 
with red cell and prostatic enzymes, 0 01m concen- 
tration IS either without effect or shghtly activates 
both enzymes After prolonged dialysis of acid phos 
phatases, there was stdl no change m response 
towards ammo acids 

Table 6 shows the effect of cysteme and glutathione 
on the copper inhibited phosphatases of the red cells 
When cysteme or glutathione was added, together 
with copper, to the enzyme solution, the latter did 
not inhibit the enzyme markedly But if coppier was 


Table 6 Effect of cysteme and glutathione on the 
copper inhibited phosphatases of the red cells 

(Acetate buffer, pH 6, 0-006 m phenyl phosphate sub- 
strate, 1 hr at 37°, two experiments, A and B ) 

Hydrolysis 
(mg P /hr /lOOml 



enzyme solution) 

A 


A 

B 

Red cell solution alone 

46 

19 

Red cell solution with 0 01 M 
cysteme 

46 

17 

Red cell solution with 0 01 M gluta 
thione 

46 

18 

Red cell solution with 0 0006 m 
C uSOi 

8 

2 

Red cell solution with 0 02 m 
cysteme -tO 0005 m CuSO^ both 
added at the same tune 

36 

15 

Red cell solution mcubated with 

0 0002m CuSO, for 16 mm, 
activity determmed m presence 
of 0 02 m cysteme 

Same experiment repeated, sub 
stitntmg cysteme by 0-02 m 

8 

2 

8 

2 


glutathione 
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allowed to react with the enz^•me first, the en 2 %'Tno 
was mliibited, and it did not seem possible to reverse 
this inlubition with excess of either oj^tomo or 
glutatliione 

Table 6 shows the effect of certain acid radicals 
Arsenate strongly inhibited (about b0%) the red- 
cell phosphatases and also inlubitod bj' about 70% 


acids (hydroxy, ketomc, dicarboxylic and ethylemo) 
was tested None was even nearly os effective as 
tnrtnnc acid 

On trjnng the effect of the different stereoisomers 
of tnrtnnc acid, however, the mhibitory action was 
foimd to bo oxJiibited only bj’’ the l* and the dl 
racemic forms, not by the d or the mcso form 


Table 6 Effect of acid radicals on the acid phosphatases of plasma, prostate and red cells 

(Acetate buffer, pH 6, phenvl phoaphnte substrate, libomtcd phosphate doterramed after 30 mm at 37° The figures 
represent the average percentage of actuation ( + ) or inhibition ( — ) effected m sovcral experiments ) 


Acti\ ation or inhibition 


d radical (0 01 m) 

r~ 

Normal plasma 
(%) 

Human red cells 
m water 
(%) 

A 

Prostate in 
normal sahno 
(%) 

Prostate in 
normal plasma 
(%) 

% 

Semmal ilmd in 
normal sahno 
(%) 

Arsenate 

-72 

-80 

-00 

-70 

-00 

Citrate 

0 

-t- 6 

+ 8 

+ 6 

+ 0 

Cyamde 

0 

+ 8 

4-12 

+ 10 

+ 16 

Fluonde 

-30 

- 8 

-90 

-90 

-97 

Formate 

0 

0 

0 

0 

0 

Oxalate 

-30 

-27 

-22 

-25 

-26 

Sahcylate 

0 

0 

0 

0 

0 

Tartrate (a ) 

0 

0 

-04 

-95 

-93 

Tauroglycocholate 

0 

-77 

-70 

-85 

-80 


the enzymes of plasma and prostate There is a slight 
activation of the red cell and prostatic enzjnnes by 
the citrate radical, while the formate and the sah- 
cylate radicals are without any effect Fluoride in 
0 Olsi concentration has comparatively httle effect 
(8-10 % inhibition) on the red cell phosphatases, 
while exhibiting more inhibition (28 %) of plasma 
phosphatase, and very marked (more than 96%) 
inhibition of the prostatic enzyme Cyamde (0 01 si) 
was found to be either without effect or to have mild 
activatmg properties (up to 16%) on both red ceU 
and prostatic acid phosphatases Oxalate (0 01m) 
mhibited the plasma, prostatic and red ceU phos 
phatases nearly to the same extent (about 26 %) 
Bde salts in the form of sodium tauroglycocholate 
(used m a final coneentration of 0 24 % m buffer 
substrate-enzyme mixture) strongly inhibited both 
prostaticandred cellenzymes (70-90%) Thenormal 
plasma phosphatase, on the other hand, did not 

seem to be affected Samples of pathological plasma 
were also exammed Some of them showed shghtly 
raised acid phosphatase values m cases of hver dis 
and all were found not to be affected by this 


Tarlmte, while having no effect whatever oi 
acid phosphatase of either red cells or norma] pla 
found to be a very strong mhibitor of the 
static enzyme (more than 90 % inhibition m 0 
concentration) 

Table 7 shows the effect of certam orgamc 
structuraUy relatedTto 

S of plasma, prostate 

red cells A senes of ahphatic and aromatic ori 


Dextrorotatory ‘substances hke dextrose have been 
tried also, as well os glycerol, pmacol, sorbitol. 

Table 7 Effect of organic acid radicals related to 
tarlanc on the acid phosphatases of plasma, prostate 
and red cells 

(Citrate buffer, pH 6 , 30 mm at 37° , hberated phenol was 
detennmed, except m the case of certam acids marked f, 
where the free phosphate was determmed instead, and 
acetate buffer pH 6 was used m place of citrate The acid 
solutions were adjusted to pH 6 before mixing with the 
buffer substrate mixture The figures represent the average 
percentage activation (-+-), or inhibition ( - ) effected.) 


Acid (0 01 M unless 
otherwise stated) 

Plasma 

Hed cells 

Frost 

Lactic 

0 

0 

0 

Pyruviof 

+ 20 

0 

0 

MaUo 

0 

+ 8 

+ 12 

Maleiof 

0 

0 

0 

Malomo 

0 

0 

0 

Mucio 

0 

0 

0 

Fumano 

0 

0 

0 

Suocmic 

0 

0 

0 

Tartromo 

0 

0 

0 

D Tartanc 

0 

0 

0 

Dl.-Tartano 

0 

0 

-92 

meso Tartanc 

0 

0 

0 

n* Tartanc 

0 

0 

-94 

n Tartanc (0-02 m) 

0 

0 

-95 

n-Tartano (0 005 M) 

0 

0 

-90 

L Tartanc (0 002 M) 

0 

0 

-76 

n-Tartano (0 001 M) 

0 

0 

-70 


xylose and laevulose, but none produced an effect 
similar to l tartrate 

* The L-form is the common dextrorotatory acid 
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Table 8 shows that a quantitative determination 
of red cell acid phosphatase, when present m ad 
mixture with the prostatic enzyme m serum or 
plasma, is a practical procedure, and the figures 
found are reasonably close to the calculated values 
It IS also possible by tins means to demonstrate the 
presence of a tissue phosphatase, as distmct from the 
plasma and red ceU enzymes, in blood or m mixtures 
contaimng blood (Tables 8 and 11) 

Table 8 Differential determination of red cedi and 
prostatic phosphatases in serum hy means of 
L tartrate 

Phosphatase 
(units/100 ml solution) 


Found Calculated 



Without WithO 01 m 

Red 

s 


tartrate 

L tartrate 

cell 

Total 

Normal serum 

30 

30 

— 

— 

A, Prostate extract m 

108 

3 6 

■ ^ 

_ 

normal serum 

B, Red cell solution m 

66 

66 




normal serum 

A and B mixed m the 
foUo-wmg proportions 

1 1 

87 

34 

33 

87 

1 2 

79 

46 

44 

80 

2 1 

97 

26 

22 

94 


Table 9 shows that the inhibition of the prostatic 
enzyme by 0 006 m l tartrate is reversible, and that 
the enzyme recovers its activity on dialysis A control 
consistmg of the enzjme without tartrate was set 
up, and smnlarly dialysed to safeguard against any 
extraneous change m the enzyme, either tlirough 
dialysis or through moubation Recovery was more 
rapid at room temperature them at 0°, but some 
mactivation results from mcubation at room 
temperature 

Table 9 Eeversal of l tartrate inhibition of 
prostatic phosphatase by dialysis 

Activity 
(umts/100 ml 
enzyme solution) 

t X 

Control Test 



(■without (0 006 m 

Inhibition 


tartrate) tartrate) 

(%) 

Start 

120 

16 

88 

After 24 hr 

dialysis m 120 

43 

64 

oeUophan at 6° 



After further 

24 hr dia 76 

64 

16 


lysis at room temperature 

Fig 4 shows the effect of L tartrate on the acid 
phosphatases of red cells, prostate, hver and spleen 
at different pH values Strong inhibition occurs 
with the last three enzyme preparations With the 
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red cells inhibition is only detectable m the more 
acid part of the curve, while at the second optimum 
pH there is either no effect or shght activation Tlie 
alkalme phosphatases are shghtly activated by 
L tartrate 



Fig 4 Effect of L-tartrate on the hydrolysis of phenyl 
phosphate hyacidphosphatases Sohdhne, ■without added 
L-tartrate, broken line, with added 0 01 M L-tartrate 

Table 10 shows that the inhibitory effect of lodo 
acetic acid on the prostatic and the red cell enzymes 
qujte evident even witliout previous incubation of 
this substance with the enzyme Both enzymes are 
inliibited nearly to the same extent 

Table 11 shows the effect of certam other orgamc 
substances on acid phosphatases Incubation with 
different alcohols, especially the lower homologues. 
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Table 10 Effect of ‘lodoacetic acid on the acid phos 
phatases of prostate and red cells 


Table 12 Snnimanj of the effect of different treatments 
on the acid phosphatases of prostate and red cells 


(Acetate buffer, pH 6, 0 006 m phenyl phosphate, 30 nun 
at 37° lodoacetic acid solution neutralized before mixing 
mth the enzyme Activity mg P/30 nun /lOO ml enzyme 


solution 


lodoacetic acid 


Control , 

mthout Amount 



inhibitor 

Enzyme 

(mg P) 

Red cell (human) 

39 

Red cell solution 

39 

menbated with m 
hibitor for 30 mm 
at 6° at pH 7 

39 

Prostate extract m 

ISO 

normal sahne 

150 

Prostate extract 
meubated with 
inhibitor for 

30 mm. at 6° at 
pH 7 

160 


added 

Activity 

Inhibition 

(mg) 

(mg P) 

(%) 

5 

16 

69 

6 

9 

77 

10 

4 

90 

5 

02 

69 

10 

40 

73 

6 

26 

83 


Treatment 
Alcohol incubation 

Copper (0 0002 m) 
Acetate buffer 
Citrate buffer 
Cyamdc 
C^'Btemo 

Formaldchj de (0 6 %) 
Fluondc (0 01 m) 
H3droIysis of a and 
jS giycerophosphone 
esters 

Iron (0-0005 M) 
Acetate buffer 
Citrate buffer 

Magnesium (0 01 m) 

Manganese 


Prostatio acid 
phosphatase 

Inhibition 

90-100% 

Inhibition 8 % 
No effect 
Shght activation 
Slight activation 
No effect 
Inhibition 97 % 
p slightlj > a 


Red cell acid 
phosphatase 
Inhibition 
70-80% 

Inhibition 96 % 
Inhibition 90% 
Shght activation 
Shghtactivation 
Inhibition 100% 
Inhibition 10 % 
a > jS 


Inhibition 80 % Inhibition 9 % 
No effect (or No effect 

slight activation) 

No effect (or Inhibition 

slight inhibition) 

Shght mhibition Shght inhibition 


inhibits the acid phosphatases of bde, prostate, red 
cells and kidney, and sbghtly affects that of normal 
plasma Acetone produces a similar effect Formal 
dehyde, m 0 5 % concentration in the buffer sub 
strata mixture, completely inhibits the red cell phos- 
phatases and partially destroj’s the plasma, liver. 


DISCUSSION 

Roche, Thoai A Baudom ( 1 942) reported the presence 
of tv o phosphomonoesterases m the red cells of the 
ox and rat, optimally active at pH 4 6—4 8 and at 
pH 6-6 5 respectively Tliey added that the first 
enzjTne is very unstable and is strongly inhibited by 


Table 11 Effect of certain organic substances on acid phosphatases 

(Citrate buffer pH 6, phenyl phoarphate In the case of alcohols and acetone the enzyme was previously monbated with 
two fifths its volume of the correspondmg alcohol or acetone before determinmg its activity The other substances were 
mcluded m the buffer substrate mixture during hydrolysis The figures represent the average percentage inhibition ) 


Inhibition (%) 


Alcohol 


Enzyme 

, 

A 



Formaldehyde 

L Tartrate 


Methanol 

Ethanol 

Butanol 

Acetone 

(0 6%) 

(OOlM) 

Stdboestrol 

Red cells 

60 

76 

80 

70 

100 

0 

0 

Prostate m normal sahne 

65 

80 

90 

100 

0 

06 

0 

Prostate m normal plasma 

100 

100 

100 

100 

0 

96 

0 

Normal plasma 

Liver 

10 

10 

16 

30 

40 

0 

0 

Human (adult) 

_ 

0 


0 

35 

70 

0 

Human (new bom) 

Bile 

— 

0 

80 

— 


20 

36 

70 

0 

0 

Kidney 








Human (adult) 



40 



40 

80 

0 

Human (new bom) 
Spleen 

— 

50 

— 

— 

20 

85 

0 

Human (adult) 

— 

0 



— 

40 

70 

0 


ludney and spleen enzymes (20-60%,) The pro 
s atic enzjTne, on the other hand, is not affected to 
extent under these conditions of treatment 
boestrol is shown to have no detectable effect on 
tissue acid phosphatases 
able 12 summanzes some of the above results 


magnesium and manganese, while the second acid 
enzyme is relatively stable and is activated by these 
two metals The present work has confirmed these 
authors’ claims as regards the presence of two acid 
phosphatases m the red cells of humans as well as 
other animals The first enzyme has been found to be 
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very unstable andi^ess the blood as very freshit may pecuharaetion of formaldehyde, vhich under certam 
escape detection It is much more strongly inhibited 
by magnesium than the second acid enzyme, and is 


sensitive to l tartrate -which does not affect the 
latter 

On the other hand, the presence of only 
one optimum m the pH hydrolysis curve of phenyl 
phosphate by the prostatic enzyme has been 
proved 

The acid phosphatase of marmnahan erythrocytes 
has been reported to be activated by magnesium 
(Jenner & Kay, 1931, Davies, 1934, Roche, 1931, 
Roche et al 1942) Belirendt (1943), on the other 
hand, reported magnesium to be -without effect on 
the phosphatases of human erytlirocjdes Kutscher 
& Womer (1936) also found that magnesium has no 
effect on the prostatic enzyme In the present 
mvestigation, magnesium has been foimd to activate 
shghtly the hydrol 3 ^is of ^ glycerophogihate by the 
red cell enzyme but to exert no effect on the liydro 
lysis of the a-ester On the other hand, it defimtely 
inhibits the sphttmg of the phenyl phosphate The 
prostatic enzyme, however, is either not affected by 
magnesium or only shghtly inhibited The fact that 
no conclusive ewdence has been obtamed concerning 
the activation of the prostatic or the red cell phos- 
phatases by metals, especially magnesium even after 
prolonged dialysis, suggests that these acid enzymes 
do not consist of the metaUo protem structure which 
has been suggested for the alkalme phosphatases It 
might be possible that they are saturated with the 
metal which is strongly bound to their protein mole 
cule and which cannot be spht before the complete 
denaturation of the protein component of the 
enzyme Agamst this stands the fact that the acid 
phosphatases are either not affected, or are shghtly 
activated, by cyamdes, which strongly and urevers 
ibly inlubit the alkalme enzymes presumably by 
combmation with their essential metal The inhibi 
tion of acid phosphatases by fluorides could not be 
accounted for by combmation of the latter with a 
metal, smce fluorides have either no effect or shghtly 
activate the alkalme phosphatases The inhibition of 
acid phosphatases by fluonde can be more reasonably 
considered as competitive, smce Belfanti, Contardi 
& Ercoh (1936) and Lundquist ( 1 946 a, 6) reportedite 
reversibflity by dialysis The strong inhibitory effect 
of fluonde on the prostatic enzyme, as compared 
with its relatively mild action on the red-cell enz 3 mie, 

IS worthy of note 

The high sensitivity of the red cell acid phospha 
tases to min ute amoimts of copper may be taken as 
eindence for the necessity of thiol groups for the 
acti-vity of these enzymes These groups, on the other 
hand, seem to be not so importEmt for the acti-vity 
of the prostatic enzyme, smce the latter is shghtly 
activated by 0 OOlM copper sulphate m citrate 
buffer The same explanation can be apphed to the 


conditions completely and irreversibly inhibits the 
red cell phosphatases while not affectmg the pro 
static enzjme (The action of formaldehyde can alsb 
be explamed on the basis of the necessity of an ammo 
group, winch Gould (1944) claims to be essential for 
complete acti-vity of the mtestmal alkahne phos 
phatase ) lodoacetate, however, was found to 
mliibit both the red cell and the prostatic acid phos 
phatases nearly to the same extent This result is 
agamst the hypothesis that thiol groups are not 
necessary for the acti-vity of the prostatic enzyme, 
unless this inhi bition is due to some other reason 
than combmdtion -with thiol groups On the other 
hand, the relative meffectiveness of this reagent as 
thiol inhibitor has often been pomted out m the 
hterature, and many well known thiol enzymes ha\ e 
been found to be unaffected by lodoacetate (Smger, 
1948, Hopkins, Morgan & Lutwak Mann, 1938) The 
possibdity that the thiol groups m the prostatic 
enzyme are attacked by certam reagents but not by 
others cannot be overlooked This pomt needs more 
mvestigation usi n g a variety of effective thiol re 
agents Tlie mliibition of sulphydryl enzymes by 
hea-vy metals has been successfully reversed by 
thiols, e g cysteme or glutathione (HeUerman, 1937, 
Barron & Kakutsky, 1947) In the present experi- 
ments the inhibition of the red cell pho^hatase by 
copper could not be reversed by thiols It seems that 
the copper mercaptide combmation of the red cell 
enzyme is so stable, that, unless an appropriate tluol 
compound is able to dissociate tlie enz 3 me copjier 
complex, the mlnbition is irreversible Neither 
cyisteme nor glutathione seems to Jiave the power to 
do so 

The importance of the nature of the buffermg 
substance m the study of activa-tors and mlubitors 
on phosphatases has been pomted out by Lundquist 
(1947), who foimd that the hydrolysis of phosphoryl 
cholme and /3 glycerophosphate by the prostatic 
enzyme is much faster m citra-te buffer than m 
acetate buffer (10-30 and 100-600% respecti-vely) 
This may be the reason for the very slow hydrolysis 
of p glycerophosphate by red cells m acetate buffer , 
and might furnish a useful clmical method for the 
determmation of prostatic acid phosphatase m serum 
m methods where p glycerophosphate is used as 
substrate The same author also found that citrate 
buffer prevents the inhibition ofthe prostatic enzyme 
by certam other organic acids, e g maleic 

The inhibition of acid phosphatases other than 
those of normal plasma and red cells by l tartrate 
IB particularly mterestmg smce it is stereoisomenc 
m nature and is higlily specific The apphcation of 
tins phenomenon is of considerable diagnostic value 
m elucidatmg the shghtly raised \alues for acid 
phosphatase m the serum m doubtful cases of pro 
static cancer It has been tried m several cases and 
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the results -were verj satisfactory In this respect, 
the use of L tartrate is similar to, but is bettor than, 
Herbert’s (1946) teclmique of moubation with 
ethanol It does not interfere with the corpuscular 
enzjTne, and thus haemolysis causes no error , and 
the plasma acid phosphatase m non malignant cases 
IS not affected bj L tartrate Tins n as established 
bv trying the effect of L tartrate on plasma acid 
phosphatase m forty mne different non prostatic 
cases In about 80 % of these cases the total acid 
phosphatase was either not affected, or only very 
shghtly affected (±06 umt) bj' l tartrate, while 
when the same plasma were subjected to the ethanol 
technique only 40 % of them were unaffected Even 
in lii’er disease, where there is a raised total acid 
phosphatase m most cases, tliese high i alues were 
not significantly affected bj' l tartrate 

The hi er acid phosphatase was found to be m 
hibited by i. tartrate, while the hile enzyme was not 
affected (cf Table 11) Tins may be due to certam 
substances present m the bde that protect the 
enzyme against such inlubition Thus the shghtly 
high serum acid phosphatase wluch occurs durmg 
hver disease and which, m manj' cases, is accom 
panied by high concentrations of bde constituents, 
would be expected not to be affected by L tartrate 
This protective action may be due to bde salts which 
inhibit other acid phosphatases, but have no such 
effect on the plasma enzyme 

The above facts pronde sufficient evidence to 
conclude that the acid phosphatases of the 
prostate gland and of the red cell are different 
enzymes 

Differences amongst the acid phosphatases of 
other tissues are also demonstrable For example, 
the red cell enzyme is not identical with that of the 
spleen, as was mdicated by Davies (1934) Tlie 
kidney acid phosphatase also does not seem to be 
identical with the hver or spleen enzymes, smce the 
former is partially inhibited by ethanol, whdo the 
two latter enzymes are not affected Kochakian 
^ Fox (1944) studied the effect of castration and 
testosterone propionate on the acid and alkalin e 
phosphatases of the kidney, hver and mtestme of the 
mouse They found that the activity of the acid 
phosphatase of kidney was mcreased with testo 
sterone propionate and decreased by castration 
while the hver and mtestmal enzymes were not 
affected 

Stilboestrol, together with other oestrogens, is 
wdely used for the treatment of prostatic cancer 
a sequence of favourable response to treatment 
f e plasma acid phosphatase values, which are 
particularly high m patients with secondaries m the 

ones, fall markedly durmg the course of oestrogemc 

6rapy It was not known whether stilboestrol has 
a direct mhibitory action on the prostatic and other 

issue acid phosphatases, but the present mvestiga 


tion shows that it has not The follownng chmcal ease 
illustrates the indirect effect of oestrogens on the 
prostatic acid phosphatase %n vivo 

A young man 25 years old was admitted to hospital com 
plnimng of pam under the sternum for 3 weeks, cough and 
dj spnoea for 6 days He was well built and hair distribution 
and external gemtals wore normal Both breasts were 
visiblj enlarged, there was no other significant physical 
sign The Aschhcim Zondek test was positive with a urme 
dilution of 1 10, and a scrum ddution 1 100, giving a con 
centmtion of 4000 to 40,000 and between 40,000 and 
400,000 mouse umts of gonadotrophic hormono/1 The blood 
count ivas sigmficantly abnormal He was regarded as a case 
of generalized chonon opithehoma primary unknown, there 
bemgno palpable lesion of the testes The patient detenoiatcd 
rapidly and died Tlie summary of lesions found on post- 
mortem cxammation is ns follows (1) chonon epithehoma 
ansing in supenor mediastmum presumably m the teratoma , 
(2) massive pulmonarj motastoses, (3) gynaecomastia There 
was one metastasis, 9 mm diameter in the infenor part of 
the left lobe of the cerebellum, the bram was otherwise 
normal 

The two breasts wore dissected out and weighed 95 g 
jMacroscopicnUy they resembled a non lactatmg female 
breast They were sharply defined from the surrounding fat 
They were exammed for alkabne phosphatase and were found 
to be very poor m this enzyme 

The thjToid, parathyroid and pituitary were normal The 
cortex of the suprarenal appeared somewhat thinned Both 
testes were of normal size and qmte free from tumour or any 
abnormahty The sermnal vesicles appeared enlarged The 
prostate gland appeared qmte normal m size It was 
examined for phosphatase activity, and it was found that 
1 g wet weight of prostate hberated 126 mg phenol from 
phenyl phosphate at pH 5, durmg 1 hr at 37° The normal 
human prostate gland hberates 3000-10,000 mg phenol/g 
wet weight under the same conditions 

It la, therefore, behoved that the gonadotrophic 
hormones, through them mdirect siction on the pro 
state cells, cause less phosphatase to be produced 
A parallel action is behoved to take place when 
oestrogens are administered m the treatment of 
cancer of the prostate with secondaries 

SUMMARY 

1 The prostatic and red cell acid phosphatases 
have been studied xvith respect to pH hydrolysis 
curves of phenyl phosphate, the relative rates of 
hydrolysis of a and ^ glycerophosphates, and the 
effect of magnesium The presence of two acid phos 
phatases m the red cells has been confirmed 

2 The effects of calcium, chromium, cobalt, 
copper, mon, manganese, mckel and zme on the 
actixnty of the prostatic and red ceU enzymes are 
described No evidence for enzyme activation by 
any of these metals was obtamed Copper com- 
pletely destroys the red cell enzyme, while mon, m 
acetate buffer, strongly inhibits the prostatic enzyme , 
but has no such action m citrate buffer 
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3 Glycine and alanine have no effect on either 
prostatic or red cell phosphatases Cysteine slightly 
activates both enzymes 

4 The effects of ethanol, acetone, formaldehyde 
and certam organic acid radicals on acid phos- 
phatase activity have been studied L Tartrate, 
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while not affectmg the acid phosphatases of plasma 
and red cells, inhibits other acid phosphatases 
particularly that of the prostate, and the nature of 
this action has been studied and discussed 

6 Stilboestrol has no direct effect on any of the 
acid phosphatases 
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The Micro- and Ultramicro -determination of Chlorine 
in Orgamc Compounds 


By j D JUDAH, Graham Research Laboratories, University College Hospital Medical School, London 


{Received 9 July 1948) 


To follow the metabolism of 1 1 1 tnchloro 2 2 di- 
(p chlorophenyl) ethane (DDT) m tissues a method 
was necessary for determining small amounts of 
orgamcally hound chlorme Tn ewidition, a teclimque 
was required for the estimation of DDT m the 
presence of possible degradation products Although 
the determmation of morgamc olilonde m mmute 
amounts is possible (Sendroy, 1937, 1939, Conway, 
1936), adaptation to the new requirements would 
not be convement smce m Sendroy’s method chloride 
IS precipitated with silver lodate and the concentra- 
tion of chloride must be at least 0 01 m Themethodof 
Conway is not subject to these himtations, but the 
dimensions of bis microdiffusion umt are such that 
it would be difficult to make estimations of small 
amoimts of orgamcally bound chlorme m relatively 


large amounts of tissue 

The basis of the present method is the photometno 
determmation of the mtensity of the starch-iodme 
blue colour after hberation of free lodme from 
potassium iodide by chlorme formed by the oxidation 
of the compound under test 


A teclmique has also been devised for the determi 
nation of DDT m tissue extracts m the presence of 
metabohtes The discovery by White & Sweeney 
(1946) that 2 2 di(p chlorophenyl)acetic acid (DDA) 
IS a product of DDT metabohsm m animals 
has made it possible to separate an alkah soluble 
from a neutral fraction of orgamcally bound chlorme 
found m the tissues of animals after the mgestion 
of DDT 

METHODS AND RESULTS 

Oxidation of orgamcally bound chlorme is effected 
by heatmg with specially prepared silver dichromate 
m the presence of concentrated sulphuno acid 
Inorgamc chlonde may be determmed after its 
oxidation m the cold by an acid permanganate 
mixture (Conway, 1936), orgamcally bound chlorme 
not bemg attacked under these conditions The latter 
method may be used for the specific determmation of 
DDTsmce Imol ofhydrochloricacidishberated/mol 
of DDT by the action of alcohoho alkah (Gunther, 

1 946) Chlorme volatilized by the oxidation is earned 
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by a stream of mfcrogen mto potassium lodido 
solution contnmed m an nbsorbmg vessel Tho 
problem then becomes one of micro lodometrj' For 
amounts down to 1 pg chlorme n direct determma 
tion of the Uberat-ed lodme is possible For amoimts 
below Ifig a teclmique has been do%n 8 ed for tho 
separation of the free lodmo and its com oraion to 
lodate 

In studies of the distribution and fate of DDT m 
the body, these methods may be applied to tho 
analysis of tissue extracts Bycarr3nngoutdetermm 
ations of total clilorme, morgnme chlorme before 
and after mcubation with alcoholic alkali and of 
alkah soluble orgamcallv bound clilorme, it is 
possible to establish the presence of DDT, other 
orgamc compounds containmg neutral chlorme and 
alkah soluble compounds contammg chlorme 


Apparatus 


Ducnption The apparatus (Fig 1) is constructed of pyrex 
glass Oxidation is earned out m the reaction vessel A, 
connected by means of combmed still head and droppmg 
funnel B to the ahsorhmg vessel C which consists of a delivery 
tube contamed m an outer vessel, tho walls of which fit 
closely to the spiral rod wound round the dehvery tube 
Ou connected with the absorber D of similar construction 
The central ahsorhertube C is required only for the determma 
^n of Cl m tissues Its purpose u to remove SOj which may 
be evolved during the reaction and it contams a misturo of 
saWed KJInOi (2 vol ) and 50% (v/v) (1 vol ) 

A spiral of glass rod is wound round the stem of tho 
dro^mg fnnnel B, its purpose is made plam m the section 
M the determination of DDT The gas inlet E is connected 
y pressure tubmg to a N cyhnder fitted with a rednemg 
valve, and the gas rate is adjusted by the bubble rote m 
a wash bottle The gas inlet consists of a tube fittmg by a 
^dari jomt mto the neok of the droppmg funnel B The 
latter holds 3^0, , which is run mto the flask after the 
apparatus has been assembled 

capillary m C and D just below the 
o e jomt socket will be made clear m the section on 


fioic Because ofthe dimensions of the apparatus, tl 

gas at the rates required leads to irregdar flo 
RemU ° of pressure withm tho assembl 

achieved by mtroducing constnctions jui 

bdow the jomts of the dehvery tubes (F^ 1 ) ^ 


Reagents 

be^ concentrated aad (A.R grade) has 

from direef ? blank It should be stored away 

a smaU should be shaken before use with 

substances ™ ° dichromate to remove reducing 

ou^e'tf c commercial salt yields alarge blank, 

Son ‘Z; methc^of^ 

oude IS Silver 

(Wv) NaOH^ by precipitation with 40% 

W de^?ij?® “ ^^l^ed with water 12 UrZ 

mmmiumvolume?f7o“/Tv/v)^Hlo 


red precipitate of tho dichromate separates at once Tho 
flask is now placed m a boihng water bath, and air drawn 
rapidly through the mixture for about 3 hr Nitrate and 
chlondo are thus completely removed Asoda-hmctubeshould 
be attached to tho airmtake Tho contents of the flask are then 
diluted and allowed to stand overmght The precipitate is 
washed by decantation at least 10 times At the end of the 
washing, tho water should be bnght yellow m colour from 
dissolved dichromate The flask and contents are now dned 
at 00° and tho silver dichromate stored in a dark bottle The 
yndld is almost quantitatn e 



Fig 1 Apparatus for hberation of chlorme and 
absorption tram. 


Potassium iodide A 6 % (w/v) KI (A R ) solution is used as 
the nbsorbmg fluid It should be freshly made dady m water 
redistiUed over Ba(OH), m a glass apparatus 

Starch A 1 % (w/v) solution of starch (A R ) is prepared 
by Buspendmg 1 g starch m 10 mk cold glass diatiUed water 
About 90 ml of water is brought to the bod and the starch 
suspension added rapidly to it The solution is allowed to 
bod for 1 mm. and then made up to 100 ml 

n Butanol Commercially obtainable pure n butanol is 
smtable It is stored m a cold room to avoid formation of 
aldehyde, but discarded after 1 month. 
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Light petroleum The A R grade, boihng range 40-60°, 
must be purified by washing 6 times with cone HjSO, and 
6 tunes with water It is then dned and redistilled 

Leagents for the Groal (1934) oxidation These are listed 
by Salter (1937) 

Solvents Acetone (A R ) was redistilled over anhydrous 
KjCO,, ether (A R ) was redistilled over Na 

Meihanoltc KOH is prepared from methanol redistiUed 
over Na, KOH (A R ) gives a small blank value Each fresh 
hatch of methanohc KOH should bo standardized with 
respect to chlonne content 

Potassium permanganate (A R ) is recrystalhzed untd it 
yields no blank 

Microestimahon (1 O-120/i^ chlonne) 

jKethod for pure substances The compound, m a smtable 
volatile solvent, is mtroduced mto the oxidation flask 
(hig ^) and the solvent is evaporated carefully under 
reduced pressure so that no traces are left Failure to observe 
this precaution will lead to violent reactions when ondation 
starts and may give erroneous results Silver dichromate 
(0 5-1 0 g ) 18 mtroduced and the apparatus is assembled 
without tube C The absorber D is filled with KJ solution 
(6 ml ) and water up to the shoulder of the vessel Cone 
HjSO^ (8 ml ) IS run into the droppmg funnel £, the gas 
flow started at 10 mi /mm , and the tap of the droppmg 
funnel turned so that the acid is forced into the flask The 
flask IB now heated to 110° m a glycerol bath Gas flow is 
contmued for 30 mm after the correct bath temperature is 
reached The hberated Ij is then estimated For amounts 
of 1-100 /ig Cl a direct readmg is easily possible usmg the 
starch iodine blue colour and an abaorptiometer For 
amounts over lOOpg titration with OOOSNNajSjOj is 
recommended 

Estimation of the starch iodine blue colour The contents of 
the absorber are transferred completely to a volumetno 
flask which is filled nearly to the mark with water and 
0 5 ml of 1 % (w/v) starch added The volume is made up, 
the contents of the flask well mixed, and any blue colour 
which develops read xvithm 10 mm. at 26° Usmg a single 
cell photoelectnc absorptiometer with 2 cm cells and an 
Ilford red filter (no 204), it was found that a 26 mL final 
volume gave a readable blue colour withm the limits 1-25 pg 
Cl, with a final volume of 60 ml the upper limit is 60 /ig and 
a final volume of 100 ml raises this to 100 /ig 

Effect of iodide concentration Bairstow, Francis & Wyatt 
(1947) have shown that m the presence of a large excess of 
KI (or mdeed of any salt) starch will give a purple red colour 
with lodme Conway (1935) has used this colour m his micro 
determmation of Cl, but with the absorptiometer used m 
these experiments the readings obtamed were found to 
deviate from Beer’s law The bearmg of this pomt on the 
present method is that xvith a final volume of less than 26 ml 
and m the presence of 6 ml of 6% (w/v) KI, the starch 
lodme complex gives a purple red colour, with the ddutions 
and quantity of KI recommended m the present paper 
a satisfactory blue colour is obtamed 

Effect of temperature In accordance with the findings of 
other workers (Bairstow et al 1947, Sendroy, 1937), the 
starch lodme blue colour has been found to vary in mtensity 
with temperature A working temperature of 25° gives 
rehable results 

Addition of starch Starch should be added just before the 
volume of the solution is finally ad] usted, otherwise a purple 
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red colour may be obtamed mstead of the usual blue, farther 
ddution does not necessarily result m the conversion of the 
former to the latter colour 

Time of reading In contrast to other work (Bairstow 
et al 1947, Talbot, Butler, Saltzman &, Rodnguez, 1944) it 
has been found that the blue colour is fairly stable m neutral 
solution and hence the time of readmg is immatenal withm 
wide hmits Fig 2 illnstrates this pomt Curve A was 
obtamed from repeated estimations of the starch lodme blae 
colour corresponding to 10 pg chlorme In contrast, curve 
S was obtamed by the action of acid lodate on KI and 
mdicates a steady deopenmg of the starch lodme blue colour 
with time as was expected, smee KI decomposes m acid 
solution 



Fig 2 Effect of time on starch lodme blue colour lodme 
eqmvalent to lOpg chloride A, starch lodme blue colour 
m neutral solution, B, starch lodme blue colour obtamed 
by action of acid KlOa on KI 

Calibration curves These should be prepared separately 
for each final volume by carrymg out a senes of determma 
tions on a standard substance and checked by parallel 
readmgs on a standardized lodme solution. The cahbration 
curves obtamed by the present method have all been straight 
hues passmg through the ongm 

FVom the results of the analysis of two clilonne 
contammg organic compounds it wall be seen that 
satisfactory accuracy is obtamable (Table 1) 

UUramicro method 

For the ultramicro procedure, certam changes are 
necessary While it is possible to use the above 
described absorber (Fig 1,£>) with good results one 
of the same pattern, but of half the volume, is more 
eonvement 
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Table 1 Deter/mnafion of the chlorine content of 
two organic substances by the micro method 
Cl content 


A 

< \ 

Found 




, 

A 

•» 

No of 

Amount 

Calc 

jMean 

S D 

Range 

determma 

(pg) 

(pg) 

(P8) 

(Mg) 

(Pg) 

tions 



DDT 



120 

600 

60 26 

1 89 

57-01 

4 

100 

50-0 

60 10 

1 67 

48-62 

6 

76 

37 5 

38 30 

100 

37-39 

3 

60 

260 

24 80 

0 80 

24-26 

6 

25 

12 6 

12 75 

0 27 

12-13 6 

0 

10 

6-0 

480 

035 

45-53 

4 

6 

25 

2 63 

0 29 

23-30 

4 


p Chlorobenzoio acid 


499 0 

113 0 

114 25 

1 89 

113-117 

4 

249 6 

66 6 

66 76 

1 26 

55-58 

4 

998 

22 60 

22 90 

1 72 

21-24 

3 

49 9 

1130 

11 13 

0 713 

10 3-11 0 

3 

In this 

method the 

lodme 

is extracted from 


potassium iodide solution by an immiscible solv ent , 
the solvent is then washed tree from iodide and the 
lodme comerted to lodate The starch io din e blue 
colour IB used for its detemimation In a final volume 
of 25 ml the mtensity of the blue colour allows the 
estunation of clilonde as low as 0 26 pg With the 
Rehberg or similar microburette, a titnmetnc 
method can be used 


The technique up to the extraction of the iodine is similar 
to that already desenbed for the micro procedure Silver 
diohromate (250-S00 mg ) with 6-8 ml 3^0, is used as the 
oadizing mixture After the passage of the gas for 30 nun , 
the flmd m the absorber is rmsed into a small separating 
fuimel with two washes of water Extraction is accomphshed 
mth a mixture of hght petroleum (46 vol ) and n butanol 
(65 vol ) , vigorous shaking should not be used The butanol 
petroleum layer is transferred to a second separatmg funnel, 
and the aqueous layer extracted once more with solvent 
mixture and the extracts combmed. The latter are generaUy 
^aque and may be cleared by washing with saturated 

a w Sevenfurtherwashmgsarecamedout.water 

sue! NajSOj solution being used alternately with vigorous 
sualong I, 18 next converted to iodide by adding to the 
sep^tmg M 0 6 ml M K,CO, and 0 6 ml 0 T^sodium 
metabisulp^te The two layers are mixed and allowed to 
aqueous layer is run mto a small vessel, to 
which IS addrf two further washes of 1 ml portions of water 

aud^l’ fr> more than 3 mb 

amount^tS akmg shoidd be avoided smee they mcrease the 
m the aqueous layer and these 

loditea^^^ mth the subsequent oxidation of iodide to 
lodate accordmg to Qroak (1934) 

waT^ ba^w ®°’“tion is now heated on a boding 

sruSmam "-iSStmn 

t^e^'efaSfhelatt'' "" "u* SetirofTht 

..a -mrsas-p^trLS^ 


NnNO3(0 76 n)ib now added dropwise with shaking untd the 
solution IS colourless The sides of the vessel are rapidly 
washed down with a stream of water, followed by 3 drops of 
6m urea The vessel is again heated on a boihng water bath 
for 30 min and then put m ice MTien cold, the solution is 
transferred to a 25 ml volumetnc flask and 0 6 ml of 
1 % (w/\ ) starch solution added, followed by water nearly 
up to volume, 0 6 ml 1 % (n /v) KI and water to 25 ml The 
intensity of any blue colour developed is read witlnn 6 mm 
at 25° Since the colour is developed m an acid medium, the 
time of rcadmg is cntical 

In carrying out this senes of stops it is essential to adhere 
ngidlj to the techmque Where the extraction of Ij is con 
corned, for example, it is a matter of convemence what 
volumes of the petroleum butanol mixture are used, except 
that washing free of iodide is facflitated by the use of small 
volumes, on the other hand, the removal of the I, from the 
orgamc solvents must be earned out m the minimum of the 
aqueous solution 

The Groak (1934) reaction must be earned out with the 
utmost care, the solutions being added accordmg to chreotion , 
only the 8 N HSOj should be run down the side of the vessel, 
all the other reagents bemg added directly to the solution 
It must bo stressed that the solution should remam pink 
dunng tho first S mm of the process this should be the case 
if the orgamc solvents have been removed The analytical 
results given in Table 2 lUnstrate the degree of accuracy 
obtamable 

Table 2 Determination of chlorine content of 
DDT by the idtramtcro method 


Cl content 



/ 


Found 



Amount 



A 


No of 

of DDT 

Calc 

blean 

8 D 

Range 

determma 

(pg) 

(pg) 

(pg) 

(pg) 

(pg ) 

tions 

2-00 

10 

0 02 

0 266 

0 8-13 

6 

160 

0 76 

0 75 

0 234 

06-0 86 

6 

100 

060 

0 625 

0 32 

04-06 

4 

0 60 

0 26 

0 25 

0 188 

0 2-0 36 

3 


The determination of DDT 

Gunther (1946) showed that when DDT is in- 
cubated with alcoholic potassium hydroxide, the 
following reaction takes place 
-Ha 

(a c.Hiij CH ca, -(a c.hjj cca. 

Wain & Martm (1947) showed that this reaction 
takes place at room temjjerature Following Conway 
(1936), the morgamc clilonde so liberated was 
oxidized m the cold with acid permanganate, the 
orgamc by product of the reaction and DDT itself 
are not attacked by the cold mixture Volatfirzation 
of chlorme from the reaction flask depends upon 
thorough agitation of the acid permanganate mixture 
by the gas stream A spiral (Fig 1,-4), wound round 
the stem of the droppmg funnel, ensures this and 
mcreases the effectix e surface The flask is filled with 
the oxidizmg mixture so that the fluid lex el is x\ ell 
up the stem 
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The tedmique which follows is also apphcable to 
the determination of morganic chloride 

Procedure A solution of DDT is placed m the oxidation 
flask and the solvent evaporated. Methanoho KOH (0 In) 
IS added and the mixture mamtamed at 30° for 0 6 hr 
A httle water is then added and the methanol removed under 
reduced pressure 'nTiere amounts below 23 fig DDT are 
analysed, 0 02 n KOH may bo used When evaporation is 
complete, 12-15 ml of a mixture of saturated KJIn 04 (1 vol ) 
and 25%(v/v)H,S04 (1 vol ) is run m, and the determmation 
earned out as for orgamcaUy hound Cl but without heatmg 

The analyses recorded m Table 3 illustrate the 
apphcabihty of the method 


Table 3 Determination of alkali labile chlorine of 
DDT and of sodium chloride 

Cl content 





Found 

\ 




t 

A. 


No of 

Amount 

Calc 

Mean 

S D 

Eange 

determma 

(pg ) 

(pg) 

(pg) 

(pg) 

(pg) 

tiona 




DDT 



100 0 

10 0 

9 60 

0 314 

9 0-11 6 

6 

60 0 

60 

4 97 

0 182 

40-63 

6 

10 0 

10 

0 97 

0 22 

0 8-13 

6 

50 

06 

0 61 

0 31 

0 4-0 66 

6 

25 

025 

0 24 

0 19 

0 2-0-35 

4 




NaCl 



116 92 

70 92 

69 6 

1 7 

67 0-72 0 

6 

68 46 

36 46 

35 6 

129 

34 0-37 0 

6 

29 23 

17 73 

17 7 

0 63 

17 0-18 7 

6 

1169 

7 09 

69 

0 118 

6 5-7 5 

6 

6 846 

3 546 

36 

0120 

30-40 

6 

1 169 

0 709 

0 70 

0 103 

0 60-0 86 

6 


Estimation of DDT and allied substances in tissues 

The methods described above can be appbed to 
extracts made from tissues Certam modifications 
of the procedure are required The tissue extracts 
usually contain a rather large amount of fatty and 
other substances which react violently with the 
oxidizing mixture to hberate sulphur dioxide This 
mterferes with the hberation of lodme m the absorber 
To obviate this risk, a central absorber (Fig 1, C) is 
placed between the oxidation flask and the absorp 
tion vessel containmg potassium iodide solution It 
contains about 10—16 ml of a mixture of saturated 
potassium pe rmang anate solution (2 vol ) and 60 % 
(v/v) sulphuric acid (1 vol ) This absorbs all the 
reduomg agents volatilized, but not the chlonne 

Extractions of tissues Tissues (1-2 g wet tissue, or as much 
as IS avadable) are ground with anhydrous NsjSO^ (ATt ) 
until a freely flowmg dry powder is produced During the 
grmding, enough 8 n HjSOi is added to bring the pH to 2 
The powder is transferred completely to a flask and extracted 
by three successive 35 ml portions of bo iling ether Each 
portion of ether is allowed to cool and filtered mto a second 
flask through a filter paper (Whatman no 1) 

The combmed filtrates are transferred to a separating 
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funnelandshakenwithlO ml 10 %(w/v)NaOH.Theaqneou8 
layer is run mto a second separatmg funnel The ethereal 
layer is washed with 10 ml water which is added to the 
alkalme wash The combmed aqueous washes are extracted 
with 10 ml ether and the ethereal extract added to the first 
separatmg fuimel The combmed ethereal extracts are 
washed twice with water and evaporated, the residue taken 
up m acetone, filtered if necessary and adjusted to a con 
vement volume (10-20 ml ) This solution contains all the 
neutral orgamo Cl Portions are used to determme total 
orgODic Cl and DDT (as alkah labile Cl) A determmation of 
entramed morgame Cl, 1 e Cl fortuitously extracted fiom 
the tissue, is also earned out and the values for the total and 
alkah labile Cl are corrected by this amount The combmed 
aLkalme extract, containmg alkah soluble orgamo Cl, is 
acidified to pH 2 with 8 n HjSO^ and extracted by shaking 
vigorously with an equal volume of ether The ethereal 
solution IS evaporated, the residue taken up m acetone, which 
13 filtered if necessary and portions of the filtrate analysed 
for total and morgame Cl, the value for alkah soluble organic 
Cl being obtamed by deduction 

Table 4 Recovery of DDT and Ji(p chlorophenyl) 
acetic acid (DDA) added to wet tissues 


(Wt of wet tissue 2 g m each experiment ) 



Wt of substance 
added to tissue 

A 

Wt found 


DDT 

DDA 

DDT 

DDA 

Tissue 

(Pg) 

(pg) 

(tig) 

(fig) 

Eadney 

260 

60 0 

250 

62 0 


10 0 

250 

110 

236 

Liver 

BOO 

22 5 

56 0 

250 


60 

00 

60 

00 


10 0 

50 

no 

46 


25 0 

100 0 

27 0 

103 0 

Muscle 

400 

55 0 

36 0 

62 0 


00 

250 

00 

22 0 


60 0 

60 0 

640 

57 0 

Brain 

20 0 

10 0 

20 0 

80 


Table 4 illustrates the recovery from tissues of 
added DDT and DDA It wiU be seen that satis 
factory results can be obtamed 

DISCUSSION 

The apparatus described resembles that of Kramick 
& Zacherl (1937) but the dimensions differ, and the 
mtroduction of the mtermediate absorber makes it 
possible to apply the method to the analysis of tissue 
extracts The differences m the mode of determma 
tion may be put shortly by saymg that the Kramick 
& Zacherl method is mtended to determme relatively 
large amounts of chlorine m a small amount of 
orgamc material, while the present method is de 
signed for the determination of small amounts of 
chlonne m relatively large amounts of organic 
matenal 

The accurate apphcation of the present method to 
tissue determmations depends on the securmg of 
tissue extracts which are relatively free from m- 
orgamc chlonde However, a blank is always 
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obtained and parallel determinations of morgamo 
chloride must be carried out Usmg the inioro 
method, a direct detennmation of 1 0^ clilonne is 
possible The ultramicro method is mtended for use 
•with amounts of tissue proiudmg less than I 0 fig of 
ohlonne, e g tissue shoes It is hojied that, by 
reducmg the size of the apparatus and by modifymg 
■the detemunation of lodme, amounts of chlorme 
do'wn'toO 1 fig maybe detennmed Such a technique 
nught be useful for mvestigations on the metabolism 
of DDT m insects ^ 

It should bo pomted out here that the apphcation 
of the method to substances other than those 
specifically mentioned may be hmited by their 
volatdity For example, consistently lo-w results 
■were obtamed when estimations ■were attempted on 
chloroacetamide This ■was attributable to volatihza 
tion of the substance before complete o'adation could 
take place 


SUMMARY 

1 Methods are described for the micro and ultra 
imcro detemunation of chlorme m DDT and related 
compounds, apphcable to amounts of 1-120 /xg and 
0 26-1 0 fig of chlorme, respectively 

2 The teclmiques have been successfully apphed 
to the analysis of tissues contaimng these substances 

Jly thanks are due to Prof G R Cameron, P R S for his 
kmdness and mtcrest m this irork and the erpenmenta stfll 
m progress, to Prof C Rimmgton for his ad^vioe and 
ontioism, to DrD R Wdkie, Umversity College, London, 
Messrs J S Pizey and J C Godding, and finally to Mr J 
Trendall, glassblower, Umversity College, London, mthont 
■whose skill and mgenmty this work would have been made 
immeasurably more difiicult 

The ■wnter is mdebted to the Medical Research Council for 
a mamtenance grant, and to the Agncnltural Research 
Conned and Graham Research Fund of the Umversity of 
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Studies m Detoxication 

25 THE CHARACTERIZATION OF PHENYLGLUCURONXDE, AND 
ITS RATE OF HYDROLYSIS COMPARED WITH THAT OF 
PHENYLSULPHURIC ACID 


G A GARTON, D ROBINSON and R T WILLIAMS* 
Department of Biochemistry, Umversity of Liverpool 


(^Received 14 December 1948) 


Tim present work was earned out for two reaso 
h 1^, mi ^tigations m this laboratory on the me 
bolism of benzene showed that 11% of ora 
achmnistered benzene was excreted by rabbits 
& Wilhams, 19490), a 

■nrobnW i ^ crystaUme substance which v 

n ionllS'^ We therefore requ^ 

phonylglucumu.de as a mfemnee compound 
tohenmestigationsonhenzene Secondly phen 
filuouromdo is used as a standard suhstxate for" 

Btochem 1919. 45 


assay of p glucuromdase m tissues (see Kerr, 
Graham & Lewy, 1948, Mills, 1948) After a search 
of the hterature we felt that phenylglucuronide had 
not been properly desenbed 

Phenyl p D gluouromde was first isolated by KiUz (1890) 
firom the unne of rabbits recei^zmg phenol by mjeotion His 
material melted at 148°, but he attributed the ■wrong 
formula, m accordance with his analytical figures 

It was synthesized from phenol and acetohromoglncurone 
by Neuberg A Niemann (1905), who described it as anhydrous, 
mp 160-16T, [a]^ - 83 3° (solvent not mentioned) For 
material isolated from the urme of a sheep fed ■with phenol, 
Salkowski A Neuberg (1906) gave m p 148-150°, [a]^ 
- 81 9° (solvent not mentioned) and analjdical figures for the 


5 
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anhjdroua glucuronidc (Cj.HjjO-) Jlasamuno (1033), who 
isolated the compound from rabbit urmc after phenol 
feeding, dried it tw uictio at 78“ and his analytical figures 
agreed with those for anhydrous phcnylglucuromde He 
gave m p 160° {dccomp ), but quoted no specific optical 
rotation 


lengths, the molecular weight of the hydrate could be 
calculated from that of the anhydrous form (mol wt 270) 
For the wavelengths 271, 268 and 269 6mp the values 305, 
311 and 309 respectively, were found (calc mol wt 306), 
thus confirmmg that the compound was a difaydrate 


It IS clear, therefore, that plienylglucuronide has 
not been satisfactorily described Wo shall shon that 
plienylglucuronide is normally a dihydrate imless 
dried at elevated temperatures Its rate of hydro 
lysis by^ acid compared with that of phonylsulphuric 
acid has also been studied with a \now to justifying 
a procedure used m this laboratory for separatmg 
phenols conjugated with sulphuric acid from those 
conjugated with glucuromc acid 


EXPERIMENTAL AND RESULTS 
Plienylglucuronide 

(а) Isolation from untie The isolation of the glucuromde 
as the basic Pb salt has been desenbed by Porteous & Wilhams 
(1949 a) Phenol was fed at a dose level of 0 8 g to rabbits 
(3 kg ), and from an 18 hr urme the yield of oiystalhne 
glucuromde was 0 9-1 0 g /g of phenol fed To purify the 
glucuromde it was dissolved in absolute ethanol and the 
solution was filtered and evaporated to dryness tn vacuo, 
the residue was rooiystollized from the minimum of hot 
water After diying m vacuo at room temperature the 
dihydrate of phenylglucoromde was obtamed as long 
colourless needles, m p 161-162° (con- , decomp ) after 
sintering at 110-116° It showed [a] ” - 78 5° (e, 2 m water) 
(Found C, 47 6, H, 69, H,0, 117, CjHjOH, 300%, 
eqmv by titration, 299 Ci-HuO, 2HjO requires' C, 47 1, 
H, 6 9, H,0, 118, C.HjOH, 30 7%, eqmv 306) After 
recrystallization fixim benzene ethanol the compound re 
tamed its water It is non reduemg and gives a strong Tollens 
naphthoresoremol reaction 

On drying to constant weight at 105° ( 1 5-2 hr ) anhydrous 
phenylglucuromde as described by Masamune (1933) was 
obtamed This formed white needles, m p 161-162° (corr , 
decomp ) and M'/’- 90 6°(c, 16m water) (Found eqmv 

272 Calc for eqmv 270 ) The anhydrous com 

pound dissolved less rapidly m water than the dihydrate 

It 18 probable that the optical rotations quoted by 
Neuberg & Niemann (1905)and Salkowski & Neuberg (1906) 
are for the dihydrate and that their analytical figures are 

for dried samples , . , * 

(б) Benzylamtne salt of phcnylglucuromde The dihydrate 
(200 mg ) was dissolved m 20 mb ethyl acetate containmg 
6%(v/v) absolute ethanol Benzjdamme (10 drops) was 
added untilno fortherpreoipitation occurred The benzylamme 
salt (200 mg ) was recrystalhzed from 96 % ethanol 
colourlessneedles.m p 207-208°(corr , decomp ),[afy -62 3 
(c, 2 m water) (Found N, 3 5% C„H.,0,N requires N 
370 /) It is easily soluble m water, insoluble m cold but 
soluble m hot ethanol It gives the ToUens reaction read^ 

Ic) Absorption spectra The ultraviolet absorpUon spectra 
(detennmed with a Hdger E3 Quartz Spectrograph of 
phenylglucuromde and its dihydrate were identical (the 
common curve IS shown in Fig 1) From the values of 
for the anhydrous and hydrated forms at various wave- 



Wavelength (mfi) 

Fig 1 Ultraviolet absorption spectrum of phenylglucuro 
mde or its dihydrate m water 271 and 264 6 nip. 

(ciMi. 690 and about 810, respectively), and ~250 Bmp. 
( W UO) 

The speotra (Fig 1) show bands with 271 and 
264 6mp 690 and about 810, respectively, and an 

mflexion at 269 5mp. with 710 It is mterestmg to 
compare these values with those for phenol m ionizing and 
non lomzing media Fhenylglucuromde (C^HgO-R, where 
R=C,H,Ob) should be smidar to un ionized phenol (R = H) 
Phenol m pentane (non lomzmg medium) shows maxima 
at 270 and 277 5 tap 2000 m both cases) and 

a small band at 265mp 1270, Klmgstedt, 1923) In 

lonizmg solvents phenol shows a smgle large band m this 
region of the ultraviolet, thus m water this band has 
269 8 mp (Klmgstedt, 1922) and m ethanol 273 tap. 
(Morton S- Stubbs, 1940) The spectrum of phenol m 
vanouB solvents is further discussed by Stunson & Reuter 
(1945) 

The rate of hydrolysis of phenylglucuromde by acid 
compared wUh that of phenylsulphunc acid 

It has been observed on several occasions m this 
laboratory that glucviomdea of phenols are not 
rapidly hydrolysed by dilute acids at the temper- 
ature of a boding water bath, whereas ethereal 
sulphates of phenols are readily hydrolysed We 
have made use of this observation for the separation 
of phenols conjugated with sulphuric acid from those 
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conjugated with glucuronic acid (Garton Williams, 
1948, 1949, Porteous & Williams, 19496, Smith & 
WiUiams, 1949) The present experiments were 
earned out to see how far this procedure was justified 
and could be made more discrimmatmg 



Fig 2 Comparison of the rate of hydrolysis by u HCl 
of phenyMphnno acid mth that of phenylglucuromde 
at 93-95° A, potassium phenylsulphate, x 0 0048 m, 
• 0 0017 M B, phenylglucuromde dihydrate, 0 0005u 


The potassium phenylsulphate used -nros preparec 
according to Burkhardt & Lapworth (1926) (Found 
S, 16 4% Calc for C.HjO.SK, S, 16 1 % ) 

solutions of phenylglucuromde dihydrat 
potassium phenylsulphate (0 0017 am 
UU048M), made n with respect to HCl, were heated m t 
Doilmg water bath (temperature of solutions 93-96°) Al 


solutions were raised to 93-95° before mmng Samples 
of 6 ml were withdrawn penodicaUy and immediately 
neutrahzed with solid NaHCO, The mixture was diluted to 
0 known volume with distiUod water and its free phenol 
content determined colonmotncaUy with 2 6 diohloro 
qumonechloroimide as described by Porteous A Wilbams 
(1949 a) Tho results (Fig 2) show that, at this temperature, 
phenyisulphuno acid is completely hydrolysed m 10 mm 
whereas the proportion of phenylglucuromde hydrolysed is 
less than 2 % In previous papers we had used penods of 
20-30 mm and, although less than 10 % of the gluouromde 
i8hydrolysedmthiBtmiB,itappear8thatal5 mm hydrolysis 
under our conditions would have given a sharper separation 
In expenmentsmwhiohthehberatedsulphate was estimated, 
Sperber (1948) showed that phenylsulphunc acid was com 
pletely hydrolysed by approx 0 25 n HCl m 10 min and 
resorcmylsulphuno acid m 16 mm Masamune (1933 
studied the hydrolysis of phenvlglucuromde by n HCl at 
100° (i e m boding solution) and found 16 % hydrolysis m 
10 mm and 99% m 3 6 hr Porteous & Wdhams (1949o) 
found that IOn H.SOj was necessary to hydrolyse phenyl 
gluouromde completely m 1 hr at 100° 

SUMIMARY 

1 Phenylglucuromde has been prepared bio 
synthetically and characterized It normally occurs 
as a dihydrate , its benzylamme salt has been 
desenbed 

2 The ultraviolet absorption spectrum of the 
gluouromde m water has been determined and dis 
cussed m relation to tliat of phenol 

3 Phenylsulphunc acid is hydrolysed by acid at 
93-96° at least 60 times as rapidly as is phenyl 
gluouromde 

We wish to thank Prof R A. Morton for assistance with 
determmation of speotroscopio data The expenses of this 
work were m part defrayed by a grant from the Medical 
Research Conned and one of us (D R ) participated while 
holding a Medical Research Counod Studentship for trammg 
m research methods 
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Some Effects of Glucose and Calcium upon the Metabolism 
of Kidney Slices from Adult and Newborn Rats 

By J B ROBINSON, DepaHmmt of Experimental Medicine, University of Cambridge 

{Received 23 December 1948) 


Cutting & McCance (1946 a, 6) compared the meta- 
bolism of shoes cut from the kidnej^ of newborn and 
adult animals They found that the respiratory rate 
of kidney tissue from newborn rats changed httle 
over a period of 2 lir , whilst that of the adult tissue 
fell off rapidly Such a dechne has often been 
reported, and Laser (1942)acceptedita9a pecuharity 
of the kidney Cutting & McCance noted, Jiowever, 
that their slices of adult tissue were visibly dis- 
mtegratmg after 2 lir , and had often lost 40-60 % 
of their mtrogen These slices were immersed m a 
solution buffered with phosphate at pH 7 4, similar 
to that described by Krebs (1933) It contamed no 
calcium, andhad about eight tunes the concentration 
of phosphate found m mammahan extracellular 
fluids Cuttmg (L McCance (1947) also studied the 
effect of calcium upon the respuation and the loss of 
mtrogen of kidney shoes from adult and newborn 
rats Since they believed that calcium would not 
remaan in a solution contaimng phosphate at pH 7 4, 
they made their comparisons in a sahne solution 
buffered with phosphate at pH 6 8 and m bicar 
bonate Bmger at pH 7 4 Tlie adult tissues lost less 
mtrogen m the presence of calcium, and their 
respiratorj’- rate was better mamtamed, but was still 
far from constant 

The present work was undertaken to extend these 
observ'ations, and a medium has been devised m 
which kidney slices from adult rats respired at a 
constant rate for 4 hr This teclmical improvement 
has enabled the metabolism of slices from adult and 
newborn rats to be compared m a more rehable 
fashion, and m general the previous results have been 
fully confirmed Tlie new medium is an artificial 
extracellular flmd contaimng glucose, Ca'*"'' and 
phosphate m phjaiological amounts at pH 7 4 It 
contains, however, no added bicarbonate Its 
buffermg capacity is less than that of the solutions 
which have generally been employed, but it gave 
satisfactory control of pH because kidney produces 
less acid than do the tissues upon which much of 
the early manometnc work was done Furthermore, 
it was hoped by usmg a smaller concentration of 
phosphate buffer to mitigate the difficulties which 
arise from the low solubihty of the phosphates of 
calcium Some relevant physicochemical data are 
briefly discussed m an appendix 


EXPERIMENTAL 

Preparation of media 

A saline solution was prepared by munng 0 164 m NaCl 
(232 ml ), 0 164m Kffi (8 ml ), 0 164m MgSO, (2 mL) and 
0 110m CaClj (6 ml ) The mixture was brought cautiously 
to pH 7 4 with 0 1 N NaOH 12 ml of m/16 phosphate buffer 
(pH 7 4), prepared by mixin g solutions of Na^HPO^ and 
KHjPOj as described by Hawk, Oser & Summerson (1947, 
p 630), were then added , pH was controlled both by capiUa- 
tors and by the glass electrode To avoid precipitation the Ca 
and phosphate were not brought together m less than the 
final volume, but the completed solution was stable 

As extraceUnlar flmds contam about 100 mg /lOO ml of 
glucose, this seemed a natural adchtion to make to the sahne 
Accordmgly, 0 4 ml of 6% glucose was added to each 
19 6 ml of the buffered salme immediately before use The 
resultmg medium contamed approximately, m mmol /L, 
Na+ 140 , K+, 6 , Ca++, 2 5 , Mg-^, 1 , Cl", 144 , P, 3 and S0~, 

1 , giving a total lomc strength of 0 168 It will be referred 
to as ‘medium A 1 ’ This solution contamed the eqmvalent 
of the total Ca of serum, but it was anticipated that some 
Ca"'^ would be fixed by protein from the shoes In some 
expenments a similar solution (^2) was used which con 
tamed twice as much phosphate buffer and one half as much 
0 11 m CaCl,, givmg the same lomo product, but twice the 
buffermg capacity No appreciable difference was found 
between the results of expenments m which A 1 and A 2 were 
used, and these results have been grouped together under the 
general heading ‘medium A’ Several moomplete forms of 
this new medium were also employed m comparative studies 
Medium B was the same as ,4 1, except that the CaCl, was 
omitted Medium C was mechum A 1 with the glucose 
omitted Medium Z> was the same as C except that the CaClj 
was also omitted It gave results simdar to those obtamed by 
Cuttmg A McCance (1948o) with their phosphate solution 
Smee it was found that mcreasmg the concentration of phos 
phate up to 18 mM made no essential difference m the absence 
of Ca, the results of a few experiments usmg the ongmal 
solution prepared by Cuttmg & McCance have been grouped 
among those under the heading ‘medium _D’ 

In a footnote seen when this work was almost completed. 
Hawk ef al (1947, p 301) recommended a siimlar solution 
without the Mg A few expenments smee then have suggested 
that respiration is better mamtamed when Mg is mcluded, 
and Kuyper (1946) found that Mg mcreased the solubihty 
of the Ca phosphates, so that its presence seems desirable 

Technique 

This was m the mam as desenbed by Cuttmg L McCance 
(1946a), usmg Barcrofl’s differential respirometers Adult 
rats were killed by a blow on the head, newborn ones by 
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decapitation, the kidneys ivere immediately removed and 
placed m medium C, m which the shces were prepared 
Usually these were cut free hand (Dixon, 1945), but the 
kidneys of some newborn rats were sbced by the method of 
Deutsch (1936), as modified by Cohen (1946) The shoes were 
more easily cut by this method, but m the Barcroft flasks 
they seemed to lose more N, and not to mamtem their 
respiration qmte so well The tissue (50-70 mg ) was bathed 
• m 2 7 ml of flmd m each manometer flask The shces were 
roughly and qmckly weighed on a glass fibre miorobalance 
similar to the much more sensitive quartz fibre balance 
. described by Lowry (1941) The centre tubes contained 


0 3 mL of 10 % KOH and the usual roll of filter paper The 
flasks were gassed with pure 0, m the bath at 38°, a pomt 
discussed later Readings usually commenced about 46 mm 
after the death of the animals and were repeated every 
16 mm. Although physiologically objectionable, contmuons 
removal of CO, is necessary m order to follow the vanation 
of respwation with time Warburg (1923) gave an estimate 
of 23 mm. Hg for the pressure of CO, at the centre of a shce 
0 47 mm thick reapinngmO, As the shces m this work were 
about 0 3 mm thick, the cells were exposed to a pressure of 
CO, which was below that m their normal surroundings 
(40-60 mm Hg according to CampbeU, 193 1), but which was 
not neghgible The adequacy of the buffer was checked by 
adding phenol red at the end of every expemnent 
Nitrogen was determmed by the mioro Kjeldahl method 
'ae tissue fragments were transferred to a Pyrex tube, and 
the flmd remammg m the flask was added to 10% tn 
chloroaoetic acad (1 ml ) m a centrifuge tube The tissue, the 
preapi^tate and the supernatant flmd (first evaporated to 
bulk) were then separately digested for 12-24 hr with 
tijbUi containing copper selemde The NH, formed was 
distillation, trapped m 2% bone acid 
w ereen, and titrated with 0 0143H 

J 1 . 1 analytical figures gave the total amount of 

N m the slices m each flask, and the amounts lost to the 
medium as ‘protem’ N and ‘non protem’ N 


EESULTS 


Kidney shces from adult rats 

l^°^theaveragerespirat 
rates of adult rat kidney shces during the firat h 


Table 1 Average respiratory rates of aduU rat kxdi 
the first hour m various media 


Medium 

A 

B 

C 

D 


Glucose Ca 


+ 

+ 


Respiratory 

rate 

Meonis D 
(pi 0,/mg 
total N/hr) 
I37i 7 
1B7±U 
140±11 
128il3 


Significance of differences 


No 


d and B 
A and D 
B and C 
B andD 
CandD 


t 

28 
146 
2 15 
32 
IG 


P 

<0 02 
016 
0 05 
0-01 
0 16 


m the four media at pH 7 4 They only varied 
between 128 and 167 pi Oj/hr /mg total N, but it 
will be seen that Ca tended to moreEise the respiratory 
rate, and glucose mcreaaed it considerably The 
latter effect was not observed, however, when glucose 
was added to a medium which contained Ca The 
scatter shown by the standard deviations was partly 
due to groupmg together results obtamed from the 
kidneys of many rats The same effects were also 
observed when shces from the kidneys of the same 
rat were compared m tlie different media 



Time (hr ) 

Fig 1 Respiratory rates of adult rat kidney shces in media 
A, B, C and D (see p 68, col 2, para 2) at pH 7 4. 
Average respiratory rates expressed as percentage of 
O, uptake during first hr Arrows show standard deviations 
Numbers of experiments shown m brackets 

More stri king differences were revealed when the 
experiments were contmued for 4 hr , and Fig 1 
shows how the respuatory rates fell off m the 
different media The ordmates are averages of the 
figures obtamed by expressmg the O, uptake m 
a given 60 min eis a percentage of that m the first 
hour of the same experiment They have been 
plotted at the mid pomte of the 60 mm periods, and 
the X alue of 100 % for aU mitial periods has been 
plotted at 30 mm Standard deviations of the results 
m media A and D have been mdicated by arrows, and 
the number of experiments from which eeich average 
was calculated is shown m brackets It will be seen 
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that in the new mechuin, containing both glucose and 
Ca, there w ns no significant falling off m respiratory 
rate, for the slight decline m the averages was always 
less than the standard deviation I^Tion both glucose 
and Ca were omitted, the respiration fell off 40-60 % 
m 4 lir , but either glucose or Ca could reduce tins 
decline to about 20 % 

The slices still appeared normal to the naked eye 
after 41ir shnlnng m any of the media which contained 
Ca, and slices which had stood m medium C for 0-4 hr 
at room temperature, and had then been kept in it 
overnight m the refrigerator at 4°, also appeared 
normal In rune experiments, in v Inch slices stored 
m this waj vere suspended in medium A in the 
Barcroft fiasks 24 hr after they had been prepared, 
the a\ erage was 93 % (s d 5) of that found for 
shces from the same kidnej's rvithm on hour of the 
death of the animal The respiration of these shces 
fell off about 10% in 2 lir , which was a smaller 
decline than that foimd by Cuttmg & McCance 
(1946o) for fresh shces m their phosphate solution 
without Ca Shces wluch had been kept ovenught 
in solutions containing no Ca were found to Jiave 
lost moat of their respiratory actinty 

Loss of nitrogen Table 2 shows the percentages of 
N wluch were lost b3^ shces of adult rat kidneys 
after 4 hr observation in the Barcroft flasks in 


1949 

In a number of experiments, each made on shces 
from the kidneys of one adult rat, the losses of N were 
determmed after different periods m the Barcroft 
flasks Six manometers were prepared, gassed 
together m the bath, and then dismantled one at a 
tune, starting at the end of the period of eqmlibra 
tion, so that the amounts of N m the shces and m the 
medium could be detemuned Fig 2 shows the 



Table 2 Average amounts of nitrogen lost by shces of 
adult rat kidney after respiring for 4 hr in various 
media at pH 7 4 


(All losses are expressed as % of the total N ongmally 
present ) 

Losses of N 

A 

As 

‘non As 





No of 

protein’ 

‘pro tern’ 


Medium Glucose 

Ca 

exps 

Mean±s n 

Mean±s d 

Total 

A 

+ 

+ 

7 

8 2±0 7 

I7 0±l 2 

252 

B 

+ 

_ 

6 

106±1 0 

28 0±6 6 

38 6 

C 


+ 

11 

94±1 1 

23 1±42 

32 6 

D 

- 

- 

4 

10 3±0 6 

283±26 

38 6 


Significance of difierences m total N lost 






t 

P 



A and B 



92 

<0 001 



A and 0 



34 

<0 01 



0 and D 



30 

0-01 



different media at pH 7 4 It will be seen that 
although glucose m the absence of Ca had been 
found to stimulate respiration, and to reduce its 
dechne (Table 1 and Fig 1), it had no effect upon the 
loss of N Ca always reduced the loss of N, but did 
so more effectively when glucose was supphed m 
addition, and m this case the falhng off m respu-atory 
rate was abolished (Fig 1) 


Fig 2 Adult rat kidney shces in presence of Ca and glucose, 
at pH 7 4 Respiratory rate in eaoh half hour penod 
expressed as percentage of Oj uptake dnnng first hr , 
losses of N as percentage of total amount of N originally 
present P (arbitrary time scale) represents zero losses 
when the shoes were put mto the flasks Data plotted at Q 
were obtamed by shakmg shces by hand for 6 mm at 
room temperature 

results of one of these experiments m medium A at 
pH 7 4 The respiratory rate m each half hour period 
IS shown as a percentage of the rate durmg the first 
hour (The apparent faU m the seventh period was 
probably caused by faulty re equihbration after the 
manometer flmd had reached the ends of the scales ) 
The loss of N which had occurred by the end of the 
eqmhbration period has been plotted at zero time 
The shces had then been m the flasks for about 
20 Tiniri , and the shakmg motor had been runiung 
for 10 mm It was assumed that no N had left the 
shces when they were first put mto the flasks, and 
a pomt P mdicatmg a zero loss has been plotted to 
the left of the ongm, but not to a strict time scale 
The additional data plotted at Q were obtamed by 
shakmg some shces by hand for 6 mm at room 
temperature As shown m Fig 2, 12 6 % of the N 
ongmally present m the shces was removed m 6 mm 
shakmg, 14% had been lost before manometer 
readmgs began, and a further 1 1 6 % was lost durmg 
the next 4 hr at a dimmiahmg rate Meanwhile, the 
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initial rate ofrespiration bad persisted Fig 3 shows 
for companson the resulte of a similar experiment m 
which the shces were suspended m a phosphate 
solution actually prepared by Cuttmg & McCance 
This tune the pH was 6 8, which reduced the amount 
of F5 lost m 4 lir ftom 39 % for a suniiar medium at 
pH 7 4 (Table 2) to 29 % This effect of pH, dis 
covered by Cuttmg & JIcCance, made it possible to 



Tjg 3 Adult rat kidney Blicesm absence of Ca and glucose, at 
pH6 8 Bespiratoryratemeaohhalf hourpenodeispressed 
- as percentage of Oj uptake during first hr , losses of N as 
percentage of total amount of N originally present P and 
Q as in Pig 2 

compare the loss of N m the now medium (d. 1) with 
quantitatively similar losses of N m a mechmn 
lackmg Ca and glucose It will be seen that although 
approximately the same total amount of N was lost 
in each case, the time relations were quite different 
Without Ca or glucose (Fig 3) there was a loss of 
14% before readings began, and another 16% was 
lost at an mcreasmg rate durmg the next 4 hr At the 
same time the respiratory rate rapidly dechned, and 
the shces had visibly dismtegrated 


Kidney shoes from newborn rats 

These were all studied m the new medium {A 1) 
pH 7 4, so that their metahohsm could be compai 
widi that of adult tissue m the same medium 
Kcspirahon Tlie ai erage respiratory rate dun 
the first hour n as found to be 106 pi /mg total H/ 
(sn 8 m smen expenmente) Tins is very a 
nificniith less than the figure of 137 pi /mg to 
A /lir gn on m Table 1 for adult tissue (t = 6 


P < 0 001) Tlie rates m the second, third and fourth 
hours were 96, 94 and 89 % of the initial rate, with 
S D 's of 7, 10 and 13 respectively The scatter and 
the tendency for the Oj uptake to decime were both 
mcreased by the mclusion of results from shces out 
by Cohen’s (1945) method 

Loss of nitrogen The average loss of N after the 
respiration had been measured for 4 hr was 20 3 % 
(s » 1 4 in seven experiments) This was very 

significantly lower than the figure of 26 2% given 
m Table 2 for adult tissue m the same medium 
(t=84, P = 0 001) Furthermore, as some of the 
shces hod been cut by Cohen’s (1946) method, this 
difference was probably underestimated In an 
experiment of the kmd illustrated m Figs 2 and 3, 
shces out free hand from the kidneys of one whole 
htter of newborn rats were found to have lost 12 % 
of their N before readings began, and they lost a 
further 6 % durmg the next 4 hr (of 14 and 11 6 % 
inFig 2) 

DISCUSSION 

Most of the respiratory rates have been expressed m 
pi Oi/mg total N/hr 'The final dry weight would 
not have been a suitable basis for comparing the 
respiration of shces in the different media because 
they lost different amounts of material It would 
have been equally unsatisfactory for comparmg the 
re^iratory rate of adult tissue with that of infant 
tissue, which contains a higher proportion of water 
For this purpose the mitial moist weight, advocated 
by Bach (1944), would have been no better, and 
mtrogen can be determmed more precisely It might 
appear even better to give an instantaneous rate of 
respiration per umt of mtrogen remammg at any 
moment There is, however, no simple means of 
determiiung this, and if it had been done the tissues 
I'espirmg m medium A would have been credited 
with an mcreasmg respiratory rate 

Glucose was chosen as substrate because it is 
generally available m the body, and can serve the 
cells as a source of glycogen and of three carbon 
compounds which are not normally found outside 
cells m comparable concentrations A high concen- 
tration of lactate or suocmate might alter the course 
of the metabohe reaction chains, and give informa 
tion about the quantity of one enzyme system m the 
cells rather than about respuration as a co ordmated 
activity According to Shipley (1944), the amounts 
of tissue used m these experiments could have pro- 
duced about 1 mg of glucose m 4 lir , a quantity 
comparable with that supphed m the medium 
(2 7 mg ), so that httle effect on the oxygen uptake 
might have been expected to follow the addition of 
glucose It was m fact found that, m the presence of 
calcium, glucose had no effect upon the imtial 
respiratory rate, but the later decline in respiration 
and the mcreased loss of nitrogen which occurred 
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when glucose was omitted from the medium may Fig 2 the slices lost about 1 % of then- mtrogen Had 

have been related to the exhaustion of the glucose tins rate contmued witliout further decrease, the 

and glycogen origmaUy present m the cells, and to cells would have lost half their mtrogen m about 

the breakdown of protems for gluconeogenesis This 2 days, which is of the same order as the rate of 

response of the shces to the presence or absence of exchange deduced from work with isotopes The 

glucose 18 mterestmg m coimevion with the demon- rate was m fact decreasmg, which might be taken 

stration of Jundnez-Dlaz & Souto Candena (1948) to suggest the approach to an equilibrium m which 
that the kidneys m the body add glucose to the blood mtrogen could be taken up agam from the medium 
when the blood sugar level is low, but take up glucose as fast as it was bemg lost The cells were m negative 
and store it as glycogen when the blood sugar is high mtrogen balance because the medium contamed at 
The respiration of the adult kidney shces m the first no nitrogen for exchange, and the result was 
absence of glucose and calcium fell off only about a slow loss of mtrogen unassooiated with any de 
half as much as Cuttmg & McCance (1946o) had crease m the rate of respiration If such an mter 
found, even when a solution prepared by them was pretation is feasible, it is mterestmg to look upon 
used However,ivhereas they had gassed their flasks the slower loss of mtrogen from the infant tissue 

at room temperature, m tlus work the gassmg was suspended m the same medium m the hght of a 

done m the bath at 38°, and a longer tune was allowed suggestion of Rittenberg & Shemm (1947) that 
for equihbration, so that part of the declme must youngaiiimalsgrow,notbecausetheircells8ynthesize 
have been over before readmgs began to be taken protemmorerapidlythanthoseofadults,butbecause 

The loss of mtrogen occurred m tv o well defined their autolytic processes are slower 

phases There was first a rapid loss of about 12-16% In mcomplete media wluch did not contam 

of the mtrogen ongmally present in the shces This calcium tlie second phase of the loss of mtrogen from 

occurred durmg the equilibration, and it did not shces of adult tissue proceeded at an mcreasmg rate 
appear to depend upon either the composition of the (Fig 3), and at pH 7 4 about twice as much was lost 

medium or the age of the tissue The mtrogen lost during this phase as was lost when calcium and 

was probably contamed m blood and cellular debns glucose were present It seems reasonable to attnbute 
washed awaj' when shakmg began It is unlikely the additional loss of mtrogen that ocourred m the 
that tills material contributed appreciably to the absence of calcium to the breakmg down of dying 
uptake of oxygen, and the presence of so much mert cells, for it was associated with a fall m respiration 
matter constitutes an objection to calculatmg the The escape of protem through damaged cell mem- 
respiratory rates on a basis of total mtrogen How- branes may also have contributed to it 
ever, it would also have been mcluded if the imtial Changes m the permeabihty of the cell membranes 
moist weight had been determmed, and with a may explam the influence of calcium on the imtial 
standardized techmque it did not seem to vary rates of respiration m the presence and absence of 
enough to cause serious irregularities m the re- glucose (Table 1) Cuttmg & McCance (1947) sum- 
spiratory rates based on total nitrogen manzed the evidence that calcium tends to stimulate 

A further, much slower loss of mtrogen occurred the respiration of the mtact cells of some tissues, 
durmg the next 4 hr while the oxy^gen uptake was mcludmg rat kidney, but inhibits the oxygen uptake 

bemg measured, and m this phase the rate of loss when it is allowed access to the mtraceUular enzymes 

dejiended on the composition of the medium and the by mincing or grinding the tissue Although the 
age of the tissue With adult kidney shces, the loss mcrease m respiration shown m the comparison 
was least m the new medium containmg calcium and between media 2? and <7 m Table 1 did not reach the 

glucose, and its rate decreased durmg the period of conventional level of statistical sigmficance, sumlar 
observation (Fig 2) As this loss of mtrogen was not results were reported by Eusch (1934), among others 
associated with a change m the respiratory rate, the quoted by Cuttmg & McCance (1947) If calcium 
mtrogen cannot have come from a part of the cells inhibits the enzymes, its action m stunulatmg 
concerned with respiration, and the loss may not respuation must be exerted from outside the cells, 
have been unphysiological Recent work usmgmeta and the reduction m the permeabihty of their mem 
bohtes which contam unusual and recognizable branes would hmder the escape of substrates and 
isotopes has shown that the apparent permanence of coenzymes It would also hmder the entry of sub 
cellular structures is the result of mcely adjusted stances from the surroundmg medium, and this may 
dvnamic equihbna Thus Shemm & Rittenberg explam the observation that calcium prevented any 
(1944) found that half the mtrogen m the hver stimulation of the respuwtion by glucose Dickens 
protemsoftheadultratwasexchangedwithmtrogen & Greville (1936) have described an analogous 
outside the cells m about a week, and Schoenheimer inhibition by calcium of the respiration of brain 
(1942) gave a table suggestmg an even more rapid shces m the presence of glucose The moreased 

turnover m the kidney of the same animal Durmg respiratory rate which was produced by glucose m 
the fourth hour of the expenment illustrated m the absence of calcium did not persist (Fig 1), and it 
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was not accompanied by a reduction m the loss of 
nitrogen Glucose did, however, further reduce the 
nitrogen loss m the presence of calcium One might 
say crudely that calcium helped to hold the cells 
togetlier so that they could use energy derived from 
the oxidation of glucose to mamtam then mtegnty 
For m medium A then respiration was stable and 
the loss of mtrogen was minimal 

The steady respnation of shces of adult rat kidney 
m the new medium suggests that the falling off which 
was found by previous workers (and which could be 
reproduced by ormttmg glucose or calcium) was a 
consequence of the employment of mcomplete media, 
and ought not to be accepted as a property of the 
tissue 

When the new medium was used to compare the 
metabolism of kidney shces from adult and newborn 
rats, the lower respiratory rates which Cuttmg & 
McCance (1946o) could demonstrate only durmg the 
first half hour of then expenmente were found to 
persist throughout 4 hr Cutting & McCance had 
found that the adult tissues lost more mtrogen than 
the i n fant ones, but this might have been duo to a 
more rapid dismtegration of the cells The fact that 
m the new medium, when then respnation was 
stabilized and they did not obviously dismtegrate, 
the adult tissues still lost more mtrogen confirms that 
Cuttmg &, McCance were really dealmg with an 
effect of age A striking difference m sensitivity to the 
composition of the emuronment is also clearly shown 
by the fact that the adult shces could mamtam 
a constant respnatory rate only m the complete 
medium, whereas Cuttmg & McCance had found the 
infant tissue to be far less exacting It is mteresting 
that Lasmtzki (1934-6) reported a lower Qq, > a slower 
dechne m respnation, and a relative insensitivity to 
the lomc composition of the medi um , when kidney 
shces from embryo rats taken m the last third of 
pregnancy were compared with the oorrespondmg 
ad ult tissue Tins ‘ toughness ’ m face of unfavourable 
conditions appears to be rather cliaractenstic of the 
tissues of newborn animals It may bo an important 
property of the component cells of an organism which 
iM not yet developed homeostatic meohamsms 
adequate to mamtam that ‘fixity du nulieumtdnein’ 
w ich IB required to enter upon a free adult existence 


SUMMARY 

1 A stable medium buffered with phospha 
l-smM) has been devised for use with shces : 
Bum^g kidney tissue Except for the absence 
uicarbonato its composition resembles that of man 
malinn extracellular flmds 

2 In tills medium shces of adult rat ladm 
maintained a constant respiratory rate for 4 hr , ar 
could bo stored for 24 hr at 4° without serious lo 
oi rcspiratorjf actmtj 


3 Glucose and calcium were both essential for the 
steady respiration of shces of adult rat kidney When 
either of these was absent the respiration feU m 
4 lir to about three quarters of its imtial rate, and 
when both were absent the respiratory rate fell to 
about half its mitial value m the same tune 

4 Shces of adult kidney m the presence of glucose 
and calcium lost about one eighth of their mtrogen 
durmg the equihbration period and a similar quantity 
durmg the next 4 hr In the absence of calcium, 
whether glucose was present or not, they lost the 
same amount durmg equihbration, and about twice 
as much durmg the next 4 hr Glucose without 
calcium did not affect the loss of mtrogen, though it 
augmented the mtrogen sparmg effect of calcium 

6 Wlien compared with adult tissue m the new 
medium contammg glucose and calcium, shces of 
infant rat kidney showed a lower respiratory rate 
which persisted for 4 hr , and lost a smaller pro- 
portion of their mtrogen 


APPENDIX 

Some data concerning the solubility of the 
phosphates of calcium 

Mammahan extracellular fluids, accordi ng to Gamble ( 1947), 
contam about Immol fl of HPO, , for at pH 7 4 HjPOj is 
almosteatirely lonizedas HPOi and H PO,” m the propior 
tion8of4 1 Ifthe third dissociation constant of phosphono 
acid IS of the order of 10"*’ (Sendroy A, Hastmga, 1926-7) 
Only about 1/100,000 of the HjPOj m a solution at pH 7 4 
Can be ionized as PO4 Holt, La Mer A Chovm (1925) 
estimated that about 7 p p m of the morganic phosphate of 
Serum are present m this form, so that the concentration of 
PO4 IS of the order of 10"’ x7 x 10^, or about lO^M 
Holt et al (1926) found that the stoicheiometnc solnbihty 
product for Ca3(P04)j m a solution having the same salt 
concentrations as serum was 10“*' *, and Logan A Taylor 
(1937) and Kuyper (1945) have also reported values of the 
order of 10“** (the concentrations bemg expressed m mol /I ) 
The medium A 1 was made to contam 3 x 10“^ M P, compared 
with 1 3 X 10“* M m serum and extracellular flmds As its pH 
was also 7 4, its PO4 concentration may be presumed to 
have been about twice that of serum, 1 e about 2 x 10“*M 
This, with 2 6 X 10“’ II Ca*^, would make the lomc product 
[Ca++)’ X [PO4 J’ = (2 6 X 10“’)’ X (2 X 10“*)*, of the order 
of 10 — BO that, hke extracellular flmds, the medium A 1 
should have been highly supersaturated with respect to 
CoalFOili Tbis salt does not, however, appear to be readily 
precipitated from such solutions Holt et al (1925) and 
Greenwald (1942) pomted out that it could be formed m one 
stage only by a reaction of thefifth order and Bassett (1917) 
found that Ca3(P04)j could not exist in contact with an 
aqueous phase at pH 7 4 

Asm medium A 1 the predommant phosphate ioni3HP04 , 
at a concentration of approx 2 4x10“’ si the lomc product 

X [HPO4 ] m this medium is 2 5 x 10“’ x 2 4 x 10*^ 
=6 X 10“*, which 13 also the value of the same product m 
media A 2 and C This is about 10” times greater than the lomc 
product for Ca,(P04)i Shear A Kramer (1928) suggested 
that CaHP04 was the most likely substance to be pre 
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cipitatod, nnd that even when sucli solutions ^ ere apporently 
supersaturated with respect to Cn 3 (P 04)2 they might remain 
stable unless precipitation of CnHPOj occurred This suggests 
that in practice the amounts of Ca nnd phosphate which can 
be included in the same solution may ho limited bj the 
(stoicheiometric) solubihtv product of CaHPO*, ahich, 
accordmg to Shear A, Bhamer (1028), is of the order of 
3 X 10”® at 38° m a solution of the same ionic strength ns the 
body fluids (the concentrations being expressed in mol ft ) 
If this figure is accepted, the Ca contaimng media, which had 
an lomc product of 0x10"®, aoiild seem to have been 
shghtly supersaturated with respect to CaHPO^, but they 
were foimd to be stable It was, howei or, found impossible 
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to mcorporato a correspondmg amount of CaClj m the 
solution used by Ciittmg McCance (1940 a) at pH 7 4 
without a dense precipitate forming immediately As then- 
solution contamed 10"® mol P/1 , the lomc product would 
have been of the order of 2 6 x 10"® x 8 x 10"*, or 2 x 10"® 

I uosh to thank Prof R A McCance for suggestmg the 
problem, for contmued mterest, and for mvaluable assistance 
with the presentation of the results. Dr G D Grevillo, who 
kmdly read the manusenpt and made a number of helpful 
suggestions, and the Govemmg Body of Emmanuel 
College for mating it financially possible for me to work m 
Cnmbndge 
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A review of the hterature on the estimation of 
chloroform, carbon tetraclilonde and tnchloro 
ethylene is given by Daroga & Pollard (1941) and by 
Habgood Powell (1946) The methods employed 
depend upon (i) pyrolysis of the halogen compound 
and absorption of the resulting gases m alkah or 
alkalme reducing agents, or (u) hydrolysis by boilmg 
alkah ^followed m each case by the estimation with 
silver nitrate of the hahde ion produced — or (m) the 
measurement of the colour formed m the upper layer 
on heating solutions of these substances m an inert 
solvent with pyndme and a solution of sodium 
j droside of such a concentration as will form a two 
n a reaction first described by Fupwara 

( 14) Of these the third has been most extensively 
used m recent years Daroga & Pollard (1941), after 
a vopr thorough mvestigation of the conditions, 
eve oped the method for the estimation of chloro 
otTO and carbon tetrachloride m acetone solution, 
^ t Habgood Powell (1946) used it to estimate 
^ and also tncliloroethylene dissolved m toluene 
ui(» 1944 further papers have appeared which 
aNn, lowover, added httle to the teclimque of the 
wo!!!' ™°P“ent process devised by these authors 
j ’ ySl ^ Nichols (1945) defined optimum con- 
colour dev elopment with standard ace 
®^tions of V anous halogen compoimds, and 
the, n concentrations of each which 

PnL ° ^®^ut,butgavenodetailsoftheumethod 
recorded the use of a smgle 
reagent for carbon tetrachloride prepared by 


shaking pyndme with 16 % (w/v) sodium hydroxide, 
separatmg the upper layer, and dilutmg somewhat 
with water Colour development was brought about 
by heating 10 ml of this reagent with 6 ml of an 
acetone solution of carbon tetrachlonde at 70° for 
16 mm The reagent deteriorated on keepmg and the 
method appears to offer no special advantage 

In connexion with an mvestigation of the use of 
tncliloroethylene m midwifery by one of us, it was 
necessary to deter min e as accurately as possible the 
concentration of this drug m maternal and foetal 
blood when only at an analgesic level, bearing m 
min d that, as the volume of foetal blood available 
for estimation would be no more than a few miUi- 
htres, the amount of drug to be estimated would be 
extremely small To this end the method of Habgood 
& PoweU lias been remvestigated to detemune its 
apphcabihty, using only 1 ml blood samples at 
low tncliloroethylene concentrations Unexpected 
difficulties arose and the method of colour develop 
ment has consequently been considerably modified 
Three methods have been recorded for the recovery 
of chlorohydrocarbons from blood for the purpose of 
estimation Habgood &/ Powell (1946) steam-dis 
tilled the blood sample and collected tnchloro 
ethylene m toluene, Kulkarm (1944) swept out 
chlorohydrocarbons mto ice cold pyndme by means 
of a stream of au, and, smee the present work was 
concluded, Burgen (1948) has claimed considerable 
advantages for a method utilizing the Conway 
microdrSusion techmque with an accuracy of ±5% 
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for chloroform, no recovery figtires are quoted for 
tncliloroethylene We have found the steam dis 
tillation method to give excellent results T,vith a 
modified form of the apparatus described by 
Habgood & PoweU 

EXPERIMENTAL 

In Habgood PowoU’s (1945) method of estimation, toluene 
extraets of tnchloroethylene were heated with pyndino and 
20% (vr/v) NaOH After coolmg and separating the alkali 
the coloured solution, which was turbid, was cleared by 
ddutmg with water to 16 ml , at tunes it was necessary to 
add more water, m which case the final volume was noted and 
a correction made The present work has shown that it is not 
always possible to disperse the turbidity completely m this 
way, and m any case it is doubtful whether, m a method 
dependent entirely on arbitrary conditions, such a vanation 
m the composition of the solution is justifiable Further, 
whereas the colour obtamed was mostly the orange red 
described by Habgood Powell, there appeared not m 
frequently a blmsh red tmt which persisted for several hours 
Burgen( 1948) has also referred to the muchsmallerextmotion 
given by tnchloroethylene compared with CHClj when 
determmed by this method, though the two substances 
appear to give much the same colours m quahtative tests 
usmg the Fujiwara (1914) reaction Moreover, the method 
also entaded the quantitative separation of the coloured 
layer from the alkah, a process at best of doubtful efficiency 
The conditions of colour formation have therefore been 
remvestigated with the following conclusions 

(1) Increase m the concentration of NaOH decreased the 
rate of colour formation, but ehmmated the turbidity with 
solutions of concentration at least 7 m With 10 m NaOH no 
colour resulted unless the two layers were muted by shakmg 
or stimng during heatmg (2) A high ratio of pyndme to 
toluene, or other orgamc solvent, led to the rapid formation 
of the orange red colour, whereas a low ratio resulted m the 
slow formation of the blue red colour (3) The blue red 
colour faded very rapidly m sunhght, but was stable m 
subdued dayhght and m artificial light (4) Anisole, of a 
limited number of solvents tried, appeared to be preferable 
to toluene (6) Very high alkah concentration mthe pyndme, 
resultmg fromtheuseof2M tetraethylammomum hydroxide, 
caused a blue colour of high extmotion to appear slowly m 
the cold This only attamed maximum mtensity m about 
1 hr and was rapidly changed to the orange red on gentle 
warming 

In accordance with these findmgs the method of colour 
development desonbed below was adopted 

Materials 

Pyndtne 'Pure anhydrous’ or A.R pyndme was dned 
over KOH (sticks) and redistiUed. Lower grade pyndme 
should be avoided. 

Antsole was washed twice with dilute NaOBl, three times 
with water, dned over anhydrous CaClj and redistilled 
Sodium hydroxide Approx 46 % (w/v) NaOH was 
standardized with acid and then dduted to 10 m 

Tetraethylammomum hydroxide reagent was prepared 
by adding to IOm NaOH sufficient of the quaternary 
hydroxide solution to make it 0*026 m with respect to that 
base 
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Apparatus 

In the early stages of the recovery of tnchloroethylene 
from blood by steam distillation, usmg the apparatus of 
Habgood iL Powell (1945), much air will mevitably escape 
somewhat rapidly through the absorbmg hqmd until thermal 
equihbnum is attamed within, and m the present work there 



was evidence that a small amount of tnchloroethylene could 
be lost dnrmg this penod To overcome this difficulty a some- 
what more elaborate absorption apparatus has been devised 
and mcorporated as receiver m place of the cahbrated 
cytmder employed by Habgood L PoweU (Fig 1) The 
dixippmg funnel used to contam water with which to wash 
down the mside of the condenser has also been replaced by 
a Qmckfit IS 19 socket and stopper This apparatus, in which 
the effluent air was washed through two lots of anisole which 
could be mixed pnor to samptmg, had two chambers, 
A (25 mm mtemal diam , 20 cm long and about 90 ml 
capacity) jomed by 6 mm tubing and a stopcock (17, 6 mm 
bore) to B (12 mm mtemal diam , 12 cm long and about 
20 mk capacity) A and B termmated m H 19 and B 14 
ground sockets respectively A side tube (D, 3 mm diam ) 
left A at a pomt approx. 6 cm down the side, passed through 
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S approx. 40 nd of distiUate had coUected 

Method for blood analysis 
The tap C Yiaa freed from grease and lubricated jnth 

«,l„Uonalso lured, bymcre^theother^eve^^^ 

difference of density betiveen the aqneoim “f 

that the latter remamed on top throughout ^be dis^tmn 

and famhtated its rapid separation after mmng ^ 

9 mL (laterreduced to 8 ml ) of amsole ivere nm m, of whi^ 
rougUy 3 ml rrent mto B and the rest mto A, and the 
ap^aral, surrounded by ice rvater, ^en ^ 

a Iher stopper to the condenser of the s^ 
apparatus so that the end of the condenser dipped almost to 

the bottom of the amsole m .4 , , i,, „ j 

The blood sample iras measured from a 1 i^ blood ^ 

— hv ^eiffhins blood of known 


77 



=5=.-?kS€==SS- 

prc^l'^thrcell and ’covered with a vaselmed shde 

ml y^ei: 

green of the "^J^^.^ffrJenes of r^dmgs to 

“™ - — “ • 

Calibration of the absorptiometer 

foUows ThemeanwmghUl^ of a^ determmed 

6 ml pipette about 80 mg of 

A sealed thin glass ““P ^eiehUas broken under 
trichloroethylene, ^ ftop^red bottle and the 

a known weight of anis standard was then 

of each substandard solution w d^pUcateSpekker 


The blood sample was measured trom a i im 

(which had been cahbrated by weighn^ o o , . „ „ere suomnism 

density dehvered from it) mto a 250^ roim , j of each substandard win ' . and duphcateSpekker 

standard B 24 ground neck, and dduted with 60 j__„ development processdescn Table 1 As these gave 

waterasde«mWbyHabgood&PoweU(19^) readmes so obtamed are ta^rfedm M 1 

A? 4-n M Vitt+ttI TPAW* Afifl&d tO control frothing and the „,^Tiiftnt at all concentrations tes^ 


water as descnbed by Habgood & i^oweu ^ 

of tn n butyl citrate were added to control frothing and the 
flask attached to the distillation apparatus The stopper a 
the top of the condenser was wetted with water an rep ace 
and steam was passed slowly through the ^ ^ 

ceasedtobeerpelledthroughthesolventin5,afterw 

distillation was allowed to proceed rapidly until o 

distillate had collected The absorption apparatus was then 
detached and the condenser washed down inside ® 

socket at the top) and outside "With distilled water w c 
allowed to dram mto A A and B were stoppered, the tap 
opened and the contents of B run into A as complete y as 
possible, with C now closed the whole contents of ^ ^rore 
mued thoroughly by mversion Part ofthe amsole was t en 
tranfifered to B via D by loosening the stoppers and 
the apparatus B was rinsed and the amsole returned to 
A Via C and rpmrsed This nnsmg operation was repea 
twice, and after a final mixing the two layers were allowed to 
separate completely m A 

Colour developme7it 

The amsole solution of tnchloroethylene (6 ml ) was odd^ 
to dry colourless redistilled pyndme (5 ml ) and 10 m NaOH 

(3 ml )ma0 m x J uuPyrextesttube which wasunmediatdy 

placed m a boding water bath and the mixture stirred 
mcchamcally for 10 mm. at such a rate as to ensure thorough 
miimg of the two laj ers This and subsequent operations 
had to be earned out m subdued dayhght or m artificial light 
smcc bright sunhght caused rapid fading of the colour The 
water bath was then removed and exactly 1 ml of tetra 
othylammomum hvdroxide reagent added to the mixture 
Slimng was contmued for cxactlv 1 mm and the tube 
removed and tho^oughl^ cooled The two layers separated 
rapidlv and the upper pyndme layer, which was mvanably 
free from turbiditj , was removed bv a pipette which had 



development m T7ble 1 As thes^e gave 

SJJ'LS tto” rU .( T «« «='»" ■» ““ 

last column of Table 1 

tn amsole Spekker readmgs (S) 

Xnohloro 
ethylene 
(mg /6 ml . 
amsole, T) W 
0 100 0 699 

0 076 0 518 

0 050 0 347 

0 040 0 276 

0 025 0 175 

0 013 0-092 

Nil 0 002 

results 

Anticipating a j was first tes^ 

saniples, the efficiency 

by distiUu^ 1 nil m Table 2, 

tncliloroethylene T1 , ^ = 0 1434S, ob 

e,tablj.hed ttot « „„„d„d3, oppM 

complete 


(n) 

0-699 
0 526 
0 353 
0 280 
0-175 
0 092 
0 002 


Mean 
0 699 
0 522 
0 350 
0 278 
0176 
0-092 
0 002 


Calc from 
T = 0-1434/5 
0 697 
0 523 
0 349 
0-279 
0 174 
0 093 
0 000 
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Table 2 Recovery of inchloroclliylcnefrom 
slcam-dtahUed standard amsolc samples 

(Volume of standard taken, 0 988 ml Volume of amsolo 
used for absorption, 8 ml ) 


Tnohloro 
ethylene 
in sample 
(mg) 

Spekkor 

readmgs 

Tnoldoroethylenc recov ered 
(mg) 

/ 

Mean 

0 176 

0 690 

0 073 

0 178) 
0 174( 

0 176 

0 087 

0 332 

0 341 

0 0801 
0-088) 

0 087 

0 044 

0 163 
0169 

0 0421 
0-044; 

0 043 

Nil 

0 006 

0 006 

0 0021 
0 002f 

0 002 

0173* 

0 676 

0 174 

— 


* Distilled m the presence of 6 ml blood 


Table 3 records the recovery of trichloroethylene 
from standard solutions in blood m the preparation 
of which the following routme was observed 


Table 3 Recovery of trichloroethylene from 
standard solutions in blood 

(Volume of standard taken, 0 970 mL Volume of amsole, 
9 ml ) 


Tnohloro 
ethylene 
concentration 
(mg /ml ) 

Spekker 

readings 

Tnchloroethylene recovery 
(mg /ml ) 

(1) 

(u) 

(1) 

(u) 

\ 

Mean 

0 126 

0 483 

0 471 

0 128 

0 125 

0126 

0 083 

0 242 

0 233 

0 004 

0 002 

0 003 

0 032 

0 121 

0 118 

0 032 

0 031 

0 032 

0 014 

0 068 

0 061 

0 016 

0 014 

0 014 

A pnmary 

standard 

was 

prepared 

by breaking 

a thm 


walled ampoule contammg a known weight (39-40 mg ) of 
tnchloroethylene under 250 ml of blood in a stoppered 
bottle which was then mechamcally shaken for 8 hr to 
ensure uniformity The primary standard was diluted with 
fresh blood m steps by weight and each newly diluted 
solution similarly shaken for 2 hr Each standard was well 
shaken by hand immediately before sampling and any which 
had stood overmght were shaken mechamcally for 16— 20mm 


Table 4 Recovery of tnchloroethylene from 
blood stored over a period of 4 days 

(Volume of blood taken, 0 976 ml Volume of amsole, 
9 mb) 

Tnchloroethylene 
concentration 
(mg /lOO ml 


Tune of estimation blood) 

Immediately after drawmg 3 89, 3 84 

3 days after drawing 3 94 

4 days after drawmg 3 89 


Mean 3 89±0 05 


In preparation for future w ork the keeping power 
of standard blood solutions was also investigated, 
and it was shown that such solutions mamtamed 
their tnchloroethjdene concentration over a period 
of several days if kept in well stoppered bottles m 
a cool place The keeping pow er is illustrated bj’’ the 
typical values obtained with a sample of blood taken 
from a patient receiving the drug (Table 4) 


DISCUSSION 

The addition of tetraethylammomum hydroxide was 
rendered necessary by the sensitivity of the coloured 
material to carbon dioxide The amount of alkah in 
the pyndme amsole layer was so much reduced by 
the use of 10 si sodium hydroxide that, m the process 
of transferring the coloured layer to the absorptio 
meter cell, sufficient carbon dioxide was absorbed 
to neutralize it and the blue red colour, wluoh is 
formed only m alkalme solution, changed to a pale 
yellow The measures adopted to exclude carbon 
dioxide were taken as additional precautions for the 
same reason Kulkarm (1944) has also commented 
similarly on the effect of acid fumes 

Smee the final method depended for accuracy on 
the constancy of volume of the pyndme amsole 
layer, as did that of Daroga <L Pollard (1941), it was 
necessary that conditions should be exactly repro 
duced tliroughout Care was tlierefore taken to 
ensure that there could be no variation m the amount 
of water taken up from the aUcah solution by the 
pyndme amsole lajar by usmg always exactly 
10 m sodium hj'droxide which had been checked by 
titration 

A somewhat simpler procedure for colour develop 
ment was also mv^estigated m which the pyndme 
amsole solution and alkali were not stirred during 
heatmg This gav e reproducible absorptiometer 
readings proportional to the trichloroethylene con 
centration up to about 0 06 mg /6 ml amsole, but 
above this the absorption varied considerably from 
one estimation to another and was always too large 
to fit the proportionahty of the lower concentrations 
Such solutions were mvanably more blue thannormal, 
implymg that, with greater amounts of tnohloro 
ethylene, some probably escaped reaction untd the 
addition of the tetraethylammomum hydroxide re 
agent, thus leadmg m part to the formation of the 
highly absorbmg blue compound mentioned above 
For this reason mechamcal stu-rmg was adopted 


SUMMARY 

1 New conditions have been described for the 
quantitative production of the coloured compoimd 
from tnchloroethylene and pyndme m the presence 
of alkah 
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2 A more efficient apparatus has been described 
for the absorption of tncliloroetliylene distilled from 
blood m steam Tlie apparatus could be used for 
the recovery of traces of otlier \ olatile bquid com- 
pounds 

3 It has been shown tliat the concentration of 


trichloroethylene m approximately 1 ml blood 
samples can be estimated to the nearest jig at con 
centrations between 1 and 12 mg /lOO ml 

Our thanks are due to Messrs British Industnal Solvents 
Ltd. for the gift of tn n butyl citrate 
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As a result of some chmcal experiments on certam 
pathological conditions characterized by mcreased 
permeabihty of the capdlary walls, Armentano, 
BentsAth, Bdres, St Rusmydk & Szent GySrgyi 
(1936) and St Rusznydk & Szent GySrgyi (1936) 
onnulated the theory of the existence of a substance 
called ‘ vitamin P ’ capable of mcreasmg the resistance 
othe capillaries They arrived at this conclusion 
because the permeabihty either to the whole blood 
(vascular haemorrhagic purpura) or to plasma 
protem only (various septic conditions) m their 
patonts was decreased by treatment with extracts 
o ungarian red jiepper, lemon jmce or fractions 
c med from these extracts On the other hand, 
L ascorbic acid according to them was meffective 
us jpothesia was next claimed to be substantiated 
V experiments on gumea pigs by Bentsath, 
Ku^vdk & Szent Gydrgyi (1936, 1937) As the 
a o tamed with the gumea pigs did not appear 
nvuicmg, the writer (Zilva, 1937 a, b) repeated the 
^xpenments and showed that the results obtamed 
UKit et al with these animals did not 

(10171 “ mterpretation placed on them MoU 

AloW ’ ^IcNamara A Hubbard (1940), 

Eerrj (1940) and evmn Szent GySrgvi 
at n ’ ^Pbl’dion of his own experiments, arrived 

bt a similar conclusion 

im negative character of the above 

coulri claim that a ‘vutamm P’ deficiency 

toclmm ‘capillarv resistance’ 

Tlix. ^ gumea pigs was made by Zacho (1939) 
bi m ° been tried for a number of j ears 

unv workers to demonstrate vitamm C 


deficiency m man, but no agreement had been 
reached as to the rehabdity of the test for this 
purpose Zacho, however, claimed that when 
negative pressure was apphed to the lumbar region 
on each side of the spme of albmo gumea pigs after 
the removal of the liair, the pressure necessary to 
produce petechiae m scorbutic animals m the ‘latent 
stage ’ and more so m the ‘ manifest stage ’ of scurvy , 
was lower than that which produced a similar 
response m normal gumea pigs Furthermore, when 
L ascorbic acid was a dmini stered to the animals m 
this condition, the ‘capdlary resistance’ rose but 
did not reach the normal level The normal ‘ capillary 
resistance’ could only be attamed when ‘citrm’ 
(Szent GySrgju’s ‘vitamm P’) prepared from rose 
hips was given either orally or mtraperitoneally 
Several workers (St Ruszny&k A Benk6, 1941, 
Bacharach, Coates & Middleton, 1942, and others), 
also using the negativ e pressure techmque, arrived 
at a conclusion similar to that of Zacho Zacho’s 
work called for repetition, and it is the purpose of 
this communication to record some representative 
results obtamed bv' the writer, which demonstrate 
the diffi culty of obtaimng reproducible or significant 
results by these methods 

An experiment was also performed with maclurm 
because of the claim made by Lavollay (1944), 
Parrot A Lavollav (1944) and Javilher A Lavollaj 
(1946) that a single dose of anv of a number of 
substances not all chemicallj related to ‘citrm’, is 
capable of raismg the ‘capillary resistance’ m 
gumea pigs as manifested bj Zacho’s negativ e 
pressure teclimque Tins, according to them, is duo 
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to the preventive action all these compounds 
exercise on the oxidation of adrenalm Maclunn 



IS one of these substances (Lavollay, 1947) 


METHODS 

Growing albino guinea pigs wore employed m all the erpon 
ments and were kept on the following basal diet (% by wt ) 
bran, 24, barley meal, 10, weatmga, 21, fishmeal, 8, oats 
( crushed), 20 , salt mixture, 6 , water, adlib On this diet the 
animals develop haemorrhages and other signs charaotonstio 
of the syndrome of scurvy not lon,ger than 16 days after 
bemg placed on the diet, and suecumb to the disease 10-16 
days later 

The ‘capiUary resistance’ was assessed by measunng the 
lowest negative pressure required to produce petechioe This 
procedure was earned out as follows A gloss tube (0 mm m 
mtemal diam ), connected to a mercury manometer and 
a large reservoir, which m turn was connected to a water 
pump, was apphed to the closely chpped lumbar region of 
the firmly fixed ammols The test area was greased with 
araohis oil 30 min before the test The suction was controlled 
by means of a screw chp, and could be held at any desired 
value to within ±0 26 cm The negative pressure was raised 
m stages on a particular spot and the highest pressure 
maiutamed for 10 sec , which did not produce petechiae, 
was taken as the end pomt After some exploratory tests, 
earned out on different parts of the lumbar region on both 
sides of the spme of each experimental animal, the actual 
measurements were begun a few days later, starting at a 
smtable spot with the pressure which previously just failed 
to give the reaction, and this was repeated on subsequent 
occasions every few days during the course of each experiment 
When on repetition of the test the ongmal spot gave a 
positive reaction, lower pressures were tned at different 
places as near as possible to the ongmal area It is, however, 
important to mention that m the same animal the lowest 
negative pressure required to produce petechias vaned, 
sometimes very considerably, not only with the side of the 
animal but with the place of measurement on the same side 
of the spme, thus yieldmg results of no high accuracy It was 
found that temperature withm the hunts of 15-20° did not 
influence the readings 

The maclunn, which was kmdly presented by Prof 
J Lavollay, was dissolved m sodium bicarbonate, diluted 
with saline to a concentration of 1 mg /ml and mjeoted 
intrapentoneaUy 

RESULTS 

The experimental work deals wnth the influence On 
the ‘capillary resistance’ of guinea pigs of (1) the 
scorbutic diet, (2) the scorbutic diet supplemented 
with (a) a daily dose of 6 mg of L ascorbic acid, or 
(6) cabbage ad lib , and (3) the mjection of maclurm 
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mto animals on (a) basal diet, (6) basal diet supple 
mented by ascorbic acid, and (c) basal diet supple 
mented by cabbage ad hb 

In the experiments with maclurm the negative 
pressure measurements were made immediately 
before, and 2 and 24 hr after tlie mjection of the 
maclurm The measurements after the mjeotion 
were carried out as near as possible to the spot used 
before treatment 

The figures obtamed m tins mvestigation appeared 
to the writer to show plainly that they did not 
confirm Zacho’s findmgs, but at the suggestion of the 
Editor the results were subimtted to a statistical 
analysis and the figures are incorporated m Tables 
1 and 2 

Effect of scurvy producing diet and of l ascorbic 
acid It will be seen from Fig la-/, and Table 1 
(Group 1 ) that six animals (about 300 g body weight) 
on the basal diet showed only a small decime m 
‘capdlary resistance’, even after 22 days at this 
tune the animals were suffermg from well developed 
seurvv In the same experiment a group of six 
animals received the basal diet supplemented by 
a daily dose of 6 mg l ascorbic acid (administered 
after the removal of the cabbage) Tliese animals 
(Fig 1 g-4, and Table 1, Group 2) gave petechiae with 
lower negative pressure, mostly on one side only 
The statistical treatment of these results by Student’s 
t test, the results of which are given m Table 1, 
shows that the fall m ‘capillary resistance’ after 
21 days was just sigmficant (P=0 05) m Group 2 
but not m Group 1 

A third group of six gumea pigs received the basal 
diet plus cabbage ad hb for 7-9 days and thereafter 
the basal diet plus l ascorbic acid (6 mg /day) Over 
the cabbage supplemented period there was a jupt 
significant fall m ‘ capdlary resistance ’, and over the 
ascorbic acid period of 26 days there was a nse 
(Table 1, Group 3), which, however, was not 
significant 

A fourth group of six gumea pigs received the basal 
diet and cabbage ad lib over the whole of the 
experimental period (7-9 days plus 26 days) These 
animals showed a just significant fall m ‘capdlary 
resistance’ over the first part of the period, but a 
significant nse over the second part (Table 1, 
Group 4) 

TTiese results are difficult to mterpret, except as 
a demonstration of the unrehabihty of the method, 
at least m the author’s hands However, the results 
claimed by Zacho are clearly contradicted — scor 
butic ammals showed no faU m ‘ capdlary resistance ’ 
and administration of l ascorbic acid even produced 
a faU m the author’s experiments, m contrast to 
a rise m Zacho’s experiments 

Effect of maclunn Experiments on the effect of 
maclunn were earned out with three gumea pigs of 
Group 1 and three of Group 2, a single mjection bemg 
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given and obaervations made 2 and 24 hr afterwards 
The mjections were repeated after an mterval of 
6 days The results are shown m Fig 1 o-c, for 
individual animals and m Table 2 for the groups 
Another group of eleven animals (Group 6), about 
200 g body weight, mamtamed on the basal diet 
with cabbage ad Zi6 was similarly mjected Student’s 
t test could not be apphed to this case as duphcate 
observations have been made on the same animals 


CONCLUSIONS 

According to Zacho (1939) the negative pressure 
required to produce petechiae m gumea pigs on 
a scorbutic diet falls fairly rapidly and reaches the 
lowest value when the animals show distmot signs 
of scurvy It is evident that the above results do not 
confirm Zacho ’s observation A particularly strikmg 
feature of these experiments is that the animals 


Table 1 Effect of diet on ‘ capiUary resistance' of guinea pigs statistical analysis of results 
(Measurement of negative preBSures expressed as om Hg ) 


Diet and description 


Spinning of 
prehminaiy 
penod 7-9 days 
on cabbage 


No of days on diet 

A 

5 16-18 21 

”26 

Columns 



of experiment 

ad hb 

A 

B 

C 

D 

E 

P 

compared 

i 

P 

Gronp 1 basal diet alone 

Mean 


340 

32 6 

30 4 

26 6 


BO 

0 28 

0 7-0-8 

(see Pig 1) 

S D 

— 

86 

101 

89 

16 6 

— 

BD 

0 72 

04-06 


No of animals 

— 

6 

6 

6 

3 

— 

BE 

0 90 

04 

Gronp 2 basal diet -f- 5 mg 

Mean 



36 1 

34 2 

26 3 

22 0 



BC 

042 

06-07 

n-ascorbio acid dady 

S D 



84 

72 

10 9 

6 7 

— 

BD 

1 76 

01-0-2 

(see Pig 1) 

No of animals 

— 

6 

6 

6 

3 

— 

BE* 

2 66 

0 02-0-06 

Group 3 basal diet + 6 mg 

Mean 

20 0 

06 

10 8 

13 7 


14 6 

AB* 

3 00 

0 01-0-02 

n-asoorbio aad daily 

S D 

76 

39 

28 

79 



42 

BC 

0 61 

06-06 

(not m Pig 1) 

No of animals 

6 

6 

6 

6 

— 

6 

BD 

BP 

1 15 
216 

02-03 

0 06-01 

Gronp 4 basal 

Mean 

13 8 

79 

73 

93 

— 

10 8 

AB* 

2 96 

0-01-0-02 

diet + cabbage ad Itb 

S D 

41 

16 

23 

07 



1 6 

AP 

1 67 

0-1-0 2 


No of ammals 

6 

6 

6 

6 

— 

6 

BD 

BPt 

2 06 

3 38 

0 05-01 
<0 01 


• Denotes significant fall f Denotes significant nse. 


Table 2 Effect of injecting I mg of madunn on the ‘ capiUary resistance ' of guinea pigs 
(Measurement of negative pressures expressed as om Hg ) 


Group 1 basal diet alone (see Pig 1) 
(3 ammals mjected twice) 

Group 2 basal diet + 5 mg L-ascorbio 
acid daily (see Pig 1) (3 ammals 
mjected twice) 


Group 5 basal diet + cabbage ad Ub 
(young gumea pigs, about 200 g ) 

Group 6 (same young animals m 
lected ogam after 5-11 days) 


ment 

Before 

mjection 

A 

2 hr after 
mjection 

B 

24 hr after 
mjection 

C 

Columns 

compared 

i 

P 

Mean 

27 6 

36 7 

39 2 

— 

— 

— 

S D 

94 

85 

82 

— 

— 

— 

Mean 

22 6 

26 0 

26 2 

— 

— 

— 

8 D 

76 

12 3 

12 8 

— 

— 

— 

Mean 

21 1 

29 8 

296 

ABt 

2 17 

0-05 

S D 

68 

119 

11 6 

ACf 

2 16 

0-05 

No of animals 

11 

11 

11 

— 

— 

— 

Mean 

17 0 

19 6 

20 3 

AB 

0 67 

06 

S D 

70 

94 

95 

AC 

0 88 

04 

No of animals 

10 

10 

10 

— 

— 

— 

t Denotes significant nse 

leopimon that the which subsisted on the basal diet alone for 22 days 


„ “ '-■■u impression that m spit© of the 

techmque it would not be 
justihnblo to dismiss tho possibihty that the negative 
required to produce petechiae tended to 
rooso after the mjection of 1 mg of madunn 
Biocbom 1019, 45 


at a time when the cliaractenstic stmdrome of 
scurvy, mcludmg extensive haemorrhages, is present 
m a very acute form showed no significant declme m 
the 'capillary resistance’ Nor could a significant 
faU m the ‘capillaiy resistance’, similar to that 

6 
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Fig 1 Effeotofdietandofthemjeotionofling ofmaoIunnonthe'capiIlaryreBistanoe’ofgnineapigs f =uijection of 

1 mg of maclunn dissolved in 1 ml salme containing 0 08 ml of saturated NaHC 03 A = capillary resistance 2 hr 
after mjeotion B =* capillary resistance’ 24 hr after mjeotiom © — O =measnrements on the nght-hand side of the 
spmal cord x — x =measiirements on the left-hand side of the spinal cord. 
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obtained by Zacho under these conditions, be 
registered in the case of the guinea pigs receiving 
L ascorbic acid 

The results of tins mvestigation, however, suggest 
that after the mtrapentoneal injection of 1 mg of 
maclurm there may be a transient rise m the 
‘capillary reaistaace* This observation therefore 
tends to confirm that made by the French workers 
that a number of compounds, not all chemically 
related to ‘citnn’ and mcludmg maclurm and 
I, ascorbic acid, is capable of raismg the capillary 
resistance’ (cf LavoUay, 1944, Javdher 6^ LavoUay, 
1946) As has already been pomted out, however, 
this rise occurs not only m giunea pigs subsistmg on 
a scorbutic diet with or without L ascorbic acid but 
also m animals consuming a mixed diet with cabbage 
adhb.a fact already established bv LavoUay (1944) 
This worker, nevertheless, is of the opimon that the 
consumption of a scorbutic diet by giunea pigs is 
capable of lowering their ‘ capillary resistance ’ , which 
can subsequently bo raised by the a dminis tration of 
L ascorbic acid On the other hand, he asserts that 
‘L’hypothfese de Szent Gyfirgyi suivant laquelle les 
h^morragies du scorbut experimental seraient 
specifiquement I’effet d’une carence en vitamme 
P n’est pas v^nfiee par I’expenence’ (LavoUay, 
1046) * The present results do not suggest that the 
cause of the nse m the ‘ capiUary resistance ’ after the 
injection of the maclurm is due to a rectification of 
a dietetic deficiency but rather to a pharmacological 
effect (probably a direct or mdirect constrictive 
action) of these compounds on the capdlaries 
A more satisfactory techmque such as that used by 
Lee & Lee (1947), which consists of the imcroscopio 
study of the peripheral vascular system m gumea 

* Prof. LavoUay informs me that smce 1046 he has 
referred to these substances as ‘substances antifragihtd 
vasoulaire’ and not as ‘ vitamm P’ 


pigs imder local anaesthesia, might throw more light 
on the full significance of these observations 

The above results, taken m conjunction with a 
critical perusal of the hterature, show that there ^ 
no sound reproducible evidence which would justify 
the assumption of the existence of a dietetic factor 
essential for the mamtenance of the capiUary 
strength, the hjTpotUetical vitamm P, the absence of 
winch from the diet is, it is clauned, connected with 
the production of the syndrome of scurvy 

SUMMARY 

1 Tlie observation made by Zacho that the 
negative pressure necessary to produce peteohiae m 
gumea pigs declmes fairly rapidly when the a^als 
are placed on a scorbutic diet is not confirmed 

2 Indications have been obtamed that when 
maclurm is mjected mtraperitoneaUy mto normal 
and scorbutic gumea pigs there is a transient nse m 
the negative pressure necessarj’^ to produce petechiae 
It IS assumed that this is solely due to a pharmaco 
logical effect and not to a rectification of a dietetic 

deficiency , , 

3 It IS concluded that there is no sound evidence 

which would justify the assumption 
of an essential dietetic factor (‘vitamm P ) which is 
capable of influencing the capiUarj' strength and that 
the syndrome of scurvy is produced by the absence 
from the diet of no factor other than n ascorbic aci 

Thanks are due to Prof Jean LavoUay for kindly supply^ 
me with a specimen of maclurm and for instructing me m the 
practice of Zacho’s negative pressure techmque of wlueh he 
Lb much expenence I am grateful to vanous coUwgues 
who helped me with the carrying out of the tests and 
their mdependent readmg of the results I am also mdebt^ 
to Dr W L II Perry for help m the mterpretation of the 
statistical analysis of the results 
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The Micro -estimation and Origin of Methylarmne 
in Mercurtalis perennts L 


By B T CROSrWTELL, Department of Botany, University College, Hull 
(Received 31 January 1949) 


Tlie occurrence of metliylamme m the tissues of 
higher plants appears to be very restricted Sclimidt 
(1878) isolated tins amine from the shoots of 
Mcrcunahs perennis and M annua Trier (1912) 
reported the presence of metliylamme m the rluzome 
of Acorus calamus, and Wakeman (1926) showed 
that it was present m the root of Leptotaenia dissecta 
Other workers have shown that metliylamme may 
be produced as the result of bacterial action on 
ammo acids and mtrogenous bases Thus Acker 
mann & Schutze (1910, 1911) found methylarmne 
m cultures of Chromohaclenumprodtgtosum (Serratia 
marcescens) on potato, and Hasebroek (1887) ob- 
tamed this amme from anaerobic putrefaction of 
chohne Emmerlmg & Reiser (1902)isolatedmethyl 
amme from cultures of Pseudomonas Jluorescens 
liquefaciens on gelatm Guggenheim (1940) gives 
references to papers reportmg the occurrence of 
methylarmne m algae InanimaltissuesKohn(1931) 
found methylamme as an mtermediato m the de 
gradation of glycme m the hver and Ratner, Nooito 
& Green (1944) showed that the glycme oxidase of 
pig kidney cataljws the oxidation of sarcosme ro 
methylamme and glyoxyho acid Klem & Sterner 
(1928) assessed the production of methylamme m 
Mercurialis annua and M perennis by means of the 
dmitro a. naphthol derivative, but up to the present 
time a specific method for the accurate estimation of 
small amounts of methylamme m plant tissues does 
not appear to have been developed The aim of the 
present work was to devise a sensitive and specific 
method for the estimation of very small quantities 
of methylamme and to study the mode of production 
of this base m JM perennis by the infiltration of 
possible precursors mto the leaves 

EXPERIMENTAL AND RESULTS 

The isolation of methylamme from 
tissues of Merounahs perennis 

Flowermg shoots (16 kg) were harvested over a penod 
of 17 days in batches of 1 kg , each kg was divided 
into portions of 60 g which were iminersed in ether for 
10 see , the ether allowed to evaporate and the matenal 
minced for 6 Tmn m a Wanng blender with 100 ml distilled 
water acidified to pH 4 6 with 0 OlN HCl The mmee was 
filtered through fine muslin and as much liqmd as possible 
removed from the cell debns by squeezing The filtrates from 


each portion were combmed, rapidly heated to 80° to 
coagulate protem and centrifuged The supernatant was 
treated with excess of Mg(OH), and steam distilled mto 
0 1 n-HCI (26 ml ) until 100 ml of distillate had passed over 
This procedure was repeated until 16 kg of material had 
been extracted NHj was removed at pH 7 4 from the 
combmed distillates (1876 ml ) by the method of Pranfois 
(Pugh L Quastel, 1937), the filtrate fiem the Pranyois 
separation treated with excess of Mg(OH). and distilled mto 
60 ml of a solution of picrolomo acid (70 mg ) m ethanol 
The picrolonate solution was concentrated to small bulk and 
allowed to crystaUize After two recrystaUizations from 
aqueous ethanol, 36 mg of picrolonate was obtamed 
which melted at 242° (deoomp ) The melting pomt of an 
authentic specimen of methylamme picrolonate was 243° 
(decomp ), mixed m p , 242° (Found N, 23 60, calc for 
CHsN CioH.O^N, N, 23 73% ) 

The micro -estimation of methylamme 

Methylamme reacts quantitatively with ninhydnn m acid 
solution to give formaldehyde and NH, Glycme and 
N mothyJetbsnolsmme also react with ninh ydnn under 
similar conditions to give formaldehyde In the case of 
N methylethanolamme, thereaotionispresumablydnetothe 
spbttmg off of methylamme Alexander, Landwehr ik Sehg 
man (1946) have adapted this reaction for the estimation of 
glycme m blood by determining the hberated formaldehyde 
colonmetncally with chromotropio acid The reaction can 
be made specific for methylamme, as this amme is readily 
volatile and can easily be separated firom glycme and 
N methylethanolamme by distillation at low temperature 
N methylethanolamme is shghtly volatile m steam, but does 
not distd over if the distillation is earned out at a low 
temperature under reduced pressure For the estimation of 
methylamme m tissues of HI perennis, the method of 
Alexander el al (1946) for glycme was used with mmor 
modifications The mtensity of the reddish violet colour 
given by formaldehyde with chromotropio acid was measured 
with the Hdger Spekker abaorptiometer usmg the Ilford 
spectrum yellow filter For the cahbration curve, pure 
methylamme hydroohlonde was used Leaves (20-60 g ) 
were immersed m ether for 10 sec and the ether allowed to 
evaporate The leaves were mmoed m a Warmg blender with 
60-76 mk distilled water acidified to pH 4 6 with 0 01 N HCl 
The mmee was filtered through fine muslin, squeezed out, 
and the cell debns washed twice with 10 ml distilled water 
The filtrate and washings were rapidly heated to 80°, 
centrifuged, the clear supernatant poured off and the residue 
washed once with 10 ml distilled water The extract was 
transferred to a distdlation flask, treated with excess of 
Mg(OH), and distiUed in vacuo at 40° mto 0 01 rr HCl (6 mk) 
until the volume was 16 mk To concentrate the methylamme 
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Bolutioa farther at low temperature, tho miorodiEfuaion 
technique of Conway L Byrne (1933) was used Large dishes 
were constructed from gloss capsules of 9 6 and 4 6 cm 
diameter A portion (10 ml.) of tho distillate was placed in 
thfe outer chamber and 1 ml 0 Oln HCl m the inner vessel 
Saturated KjCO, (6 ml ) was added to tho outer chamber 
and the dishes mcubated at 30° for 16-18 hr The methyl 
amme solution was transferred quantitatively to a micro 
distillation apparatus and the estimation earned out os for 
glycme (Alexander el nZ 1946) The accuracy of the method 
was tested by addmg a known amount of pure methylamme 
hydrochlonde to the mmce m the Wnnng blender An 
average recovery of 95% was obtamed The method is 
sensitive to 3pg of methylamme 


Infiltration experiments 

Wild plants of M pcrennis and Ghenopodium album L 
were used, 0 vulvanaL , Beta mtlgana L and Atropa bella 
donna L were raised from seei Leaves (20-60 g ) of 
Mtrcunahs perennis were infiltrated with solutions of mtro 
genous bases and ammo acids m an attempt to determme the 
source of methylamme m the tissues Solutions of the bases 
(or their salts) and ammo acids were neutralized (pH 7 0) 
where necessary and made to 0 05 m N hlethylethanolamme 
and dimethylethanolamme were prepared by the method 
Hnorr A Matthes (1898, 1901) W-Methylethanolamme 
and dimethylamme hydrochlondes were purified by means 
of the mtroso derivatives, and traces of methylamme found 
m the sample of tnmethylamme hydrochlonde were removed 
by treatment with nitrous acid and subsequent distillation 
The vacuum infiltration method of Bjdrkstdn (1930) was 
employed, and, after infiltration and evaporation of excess 
TOter, the leaves were kept m a moist atmosphere m darkness 
for 40 hr , after which they were analysed for methylamme 
In Table 1 the methylamme content of leaves of M perennis 
removed from plants m Apnl (plants m flower), Juno, July 
and August and infiltrated with solutions of mtrogenous 
bases and ammo acids is given. 


acids, choline, and betaines Thus tnmethylarnune 
present in Ghenopodium vulvaria (Dessaignes, 1862) 
may arise as a breakdown product of chohne, and 
methylamme may be formed as the result of the 
bacterial decomposition of glycme Although volatile 
armnes have been reported as occurring m a wide 
range of plants, their concentration is generally 
found to be low However, accordmg to EApeller 
Adler & Vermg (1931) tmnethylamme may reach 
600 mg /lOO g dry weight m the red algae Geramium 
rubrum and Bhodomela subfusca, and for methylamme 
amaximum of 40mg /lOOg dryiweightwas recorded 
m the green algae mvestigated Up to the present 
time httle or no hght has been tlirown on the precise 
mechanism of formation of methylamme and tn- 
methylamme m plants Decarboxylation of glycme 
would seem to be the simplest and most obvious 
reaction leading to the formation of methylamme, but 
a glycme decarboxylase has not yet been descnbed 
(Gale, 1 948) and infiltration of glycme mto the leaves 
of Mercunalts perennis does not lead to a sigmfioant 
mcrease of methylamme The experiments descnbed 
above show that breakdown of methylethanolamme 
with the formation of methylamme takes place 
readily m the leaves of M perennis, but they do not 
prove conclusively that the methylamme normally 
found m the tissues is produced from methylethanol 
amme These experiments do suggest, however, that 
methylethanolamme is the precursor of methylamme 
even though the mode of fission is not yet known 
By analogy with the behaviour of chohne on heatmg, 
breakdown may take place with the formation of 
ethylene glycol 

lii the tissues of Ghenopodium album, G vulvana. 
Beta vulgaris and Atropa belladonna, methylethsmol- 
amme does not appear to be broken down with 


Table 1 Methylamme content of leaves of Mercunahs perennifl after infiltration 
with various possible precursors 


Solution infiltrated 

Tap water 
Etfianolamme 
A Methylethanolamme 
Dimethylethanolaimne 
Chohne (chloride) 

^tame (hydrochlonde) 
Dmethylamme (hydrochlonde) 
(hydrochlonde) 

Sarcosme 


Methylamme (pg jlOO g wet wt , to nearest pg ) 

A, 


April 


(1) 

(2) 

(3) 

Mean 

40 

46 

44 

43 

62 

64 

66 

67 

135 

146 

127 

136 

46 

48 

43 

46 

46 

60 

60 

49 

40 

44 

46 

43 

47 

46 

43 

46 

46 

42 

40 

43 

63 

49 

50 

61 

42 

39 

42 

41 


June July August 
(Mean value of 2 samples) 


7 

Trace 

Trace 

16 

Trace 

Trace 

93 

76 

60 

7 

Trace 

Trace 

9 

Trace 

Trace 

8 

Trace 

Trace 

8 

Trace 

Trace 

6 

Trace 

Trace 

12 

Trace 

Trace 

8 

Trace 

Trace 


DISCUSSION 

tissues the lower ahphatic ammes are 
conf*^ ^ regarded as fission products of more 
P sx nitrogenous substances such as ammo 


hberation of methylamme If fission does take place 
m these tissues, the methylamme formed must 
immediately be removed Recent work on the bio- 
synthesis of chohne summarized by Jukes (1947) has 
provided strong evidence for the formation of chohne 
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by the stepwise methylation of ethanolamme, and 
Artom & Comatzer (1948) have shown that admims 
tration of ethanolamme, methylethanolamme and 
dimethylethanolamme to rats stunulates the forma 
tion of total phosphohpins In higher plants 
experimental evidence m support of this mode of 
synthesis of chohne is lacking Attempts m this 
laboratory to isolate methylethanolamme from the 
tissues of Mercunalw percnnis have so far faded, but 
there is at least presumptive evidence for its existence 
m tlus plant if the methylamme normally present 
18 derived from it The slight rise m methylamme 
content residtmg from infiltration of glycme and 
ethanolamme may be explamed on the assumption 
that these substances can give rise to methyl 
ethanolamme m the tissues Tlie followmg scheme is 
put forward to show possible reactions leadmg to the 
formation of the methylated ammes m plants 

glycme Hjthanolamme >-metLyIethanoIamme 

ammoma methylamme 

ydimethylethanolammo >-cholme 

dimethylamme tnmethylamme 

Cliolme and betame act as methyl donors m the 
tissues of the rat (Stetten, 1941, Du Vigneaud, 


1949 

Chandler, Sunmonds, Moyer & Cohn, 1946, Du 
Vigneaud, Sunmonds, Chandler & Cohn, 1946), but 
one methyl group only is labde As a result of partial 
demethylation dimethylethanolamme and dim ethyl 
glycme are formed respectively These substances 
cannot act as methyl donors and their breakdown, 
together with that of methylethanolamme and 
sarcosme, mvolves either the sphttmg off of the 
methyl group m combmation with mtrogen as 
dimethylamme and methylamme, or, m the case of 
dimethyl glycme andsarcosme, oxidative demethyla 
tion may take place with the formation of formalde 
liyde and glycme (Handler, Bemheim & Klem, 1941) 

SUMMARY 

1 IMethylamme has been isolated from the 
tissues of Mercurtahs perenms 

2 A sensitive and specific micromethod for the 
estimation of methylamme m plant tissues has been 
developed 

3 Infiltration of the leaves of M perennis wnth 
methylethanolamme leads to a substantial mcrease 
m the content of methylamme 

4 Methylethanolamme is regarded as the prob 
able precursor of methylamme m M perennts 
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The ammo sugars are important constituents of 
many polysacchandes such as ohondroitm sulphate, 
hyaluromc acid, chitm, hepann and sahvary ‘mucins’ , 
yet httle is known about their metabolism Lutwak 
Mann (1941) studied the breakdown of glucosarmne 
by mammahan tissues and found that testicle, 
kidney and bram shce preparations oxidized the 
hexosamme and hberated varjung amounts of 
ammoma An acid substance was formed wluch was 
neither lactic nor acetic acid Monoiodoacetate, 
fluorides, toluene, and merthiolate all mlubited both 
oxidation and deamination, whereas cyanides and 
glyceraldehyde were more effective against the 
former This author mcluded some prehmmary 
results for the three bactenal strains Escherichia colt. 
Streptococcus faecalts and Proteus vulgaris and stated 
that the reactions differed from those carried out by 
animal tissues m occurring under anaerobic as well 
as under aerobic conditions, but that the end products 
formed appeared to be similar 
Very recently Rosenberg (1948) has confirmed 
that Esch colt can deammate glucosamme under 
either aerobic or anaerobic conditions m the presence 
of phosphate In the absence of phosphate or m the 
presence of azide he claims that deamination will 
no longer proceed anaerobically, although dehydro 
genation of the substrate still occurs 
In the present studies strains of Strep haemoly- 
hcus have been exammed m greater detail because 
t ese organisms might be expected to have an active 
ammo sugar metabohsm For example, some strains 
orm enzymes (hyaluromdases) which break down 
yaluromc acid and are then able to use the hberated 
ammo sugar (McClean, Rogers d. Hale, unpublished 
whilst others form capsules composed 
mn ®'^^®^nnce (Kendall, Heidelberger & Dawson, 
, McClean, 1941) Streptococci of the vtndans 
ype ave been mcluded because it has been shown 
ogers, 1948) that the hexosamme containmg sub- 
8 nces m mcubated saliva are broken down and 
le constituents utilized by the developmg flora 
rep COCCI of this latter tjipe form a very lugh 
flora and may be responsible for 
0 p enomenon Tlie streptococci have a further 
^tuge for atudymgthe metabohsm of substituted 
rs m that the products they form from elucose 


are few m number, lactic acid accountmg for 
76-90% of the sugar used (Hewitt, 1932, Smith 
do Sherman, 1941), this simplifies analytical pro- 
cedures mvolved m comparisons with the fermenta 
tion of glucose 

METHODS 

N Acetylglucosamme was synthesized horn glucosarmne 
hydrochlonde by the method of Zuckerkandl L Messmer 
Klobermass (1931) and estimated by the Morgan & Elson 
(1934) procedure NHjWasdetemnnedbytheimorodifFusion 
method of Conway (1947), and laotio aoid by ceno sulphate 
oxidation (Wmniok, 1942) , mterfenng substenees were first 
removed from the samples by the method of Fnedemaim, 
Cotomo A Shaffer (1927) before making thelatter estunahons 
Glucosamme was determmed by Ekon A Morgan s (1933) 
method and reduemg sugars by that of Somogyi (1937) 
Nitrogen was estimated by the micro Kjeldahl technique 
and volatile acids by steam distillation of the sample m the 
presence of MoUvame buffer at pH 2 60 (cf Clark, 1928) 
At this pH no deaoetylation of N acetylglucosamme can be 
detected after 20 hr heatmg at 98-100° (Rogers, 1946) 
Cultures of capsulated and non capsulated Lanoefield 
Group A and Group C haemolytic streptococci and of a 
Btreptococous of the vmdans type were grown for 18 hr m 
600 ml amounts of a medium consistmg of 3 % peptone 
(Evans Sons, Lescher and Webb Ltd ) and 0 2% glucose, 
for the haemolytic streptococci normal horse serum (S%) 
was mcluded, and for the vtndans organisms sodium 
glycerophosphate (2 8 %) was added to prevent the pH 
falling lower than 6 6-6 8 (Rogers, 1946), as otherwise some 
inactivation of the enzyme systems occurred After growth, 
the orgamsms were removed from the cultures by centn 
fugmg, washed twice with m/16 phosphate, pH 7 2, and 
resuspended m the same buffer at such a concentration that 
a 1 lOOdilution of thesuspensionmbuffercausedadeflexion 
of 0 3 on the arbitrary scale of the Spekker photoelectric 
colorimeter (Adam Hilger and Watts Co Ltd.) such 
suspensions were found to contam 1 6-1 2 mg bactenal 
N/^ Samples were taken from the ongmal culture super 
natants, washing flmds and final cell suspension for acid 
hvdrolysis (2 hr with 6 n HCl) and subsequent deter- 
mination of glucosamme, snmlar measurements were also 
made on the immoculated, mcubated medium Total N was 
estimated on the cell suspensions 

The rate at which the vanous cell suspensions utilized 
N acetylglucosamme was measured by warming them to 
37 6° and adding an equal volume of warm 0-02 m N acetyl 
glucosamme dissolved m water Incubation of the mixtures 
m corked test tubes with an atmosphere of air at 37 5° was 
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oontinued until about 60 % of tho substrate had been used. 
Thereqmredpenodwasjudgedbythoamountof 0 In NaOH 
used to keep the pH ot 7 2 (c£ p 102) using 0 001 % phenol 
red 03 internal indicator The reaction ivas stopped by the 
addition of 0 2 mh of N HCl The organisms wore imme 
diately removed and the supernatants neutralized to 
pH 7 0 Aoetylglucosammo was then detormmed by the 
usual procedure m the neutralized supernatant flmds 

RESULTS 

Relation between rate of utilization of N -acetylglucoa- 
amine and synthesis of glucosamine containing 
compounds 

Table 1 illustrates the results Strains 283 T, S 23 and 
E 14, which ui young culture are capsulated, form 
considerable amounts of a glucosamme contammg 
substance, presumably hyaluromc acid, m 18 Irr 
cultures it is found wholly free m the culture super 
natant The amount of glucosamme associated with 


1949 

rate at which the various haemolytic streptococci 
utihze N acetylglucosamme vanes from 0 6 to 
7 0 mg /hr /mg bactenal N There is, however, no 
obvious relation between the abdity of growing 
cultures to synthesize glucosamme and the rate at 
wluch washed suspensions utilize A^-acetylglucos 
amme There are insufficient results to justify 
calculation of correlation coefficients, nor is it 
thought that such an attempt would bo profitable 
even with a more extended series until more is known 
of the conditions contro llin g synthesis The results 
obtamed suggest that the mechanism of synthesis of 
tho capsular polysaccharides is unlik ely to be by the 
directmcorporation of JV acetylglucosamme, mitially 
present m the medium, smee all the organisms 
utilize this substance rather rapidly The rate of 
utihzation by six out of the seven strains of the 
vindans types is very similar, and smaller than that 
for the haemolytic organisms 


Table 1 Rate of utilization of N acetylglucosamme by washed suspensions of streptococci, 
and glucosamine content of ctdtures of the organisms 


(Utilization experiments earned out at pH 7 2 and 37 6° m 0 033 m phosphate buffer, onltures, 18 hr ) 



Organisms 

Bate of utdizabon 
by suspensions 
(mg /hr /mg 

Amount of glucosamme found m 18 hr 

1 (mg /mg bactenal N) 

A 

cultures 

< 

Cells 

A 

Supernatants 

A 



Stram 

UtkOlixJriUl 1.1 j 


V 

Exp 1 


Group 

Type 

Exp 1 

Exp 1 

Exp 2 

Exp 2 




Strep haemolyttaus 




A 

4 

P316 

26 

0 37 

0 36 

0 

0 

A 

4 

H713 

14 

0 31 

0 30 

0 

0 

A 

6 

283 T 

10 

0 26 

0 27 

37 

30 

A 

14 

S23 

06 

0-29 

0 31 

28 

26 

A 

26 

E 14 

1 1 

042 

— 

— 

09 

A 

22 

63 T 

12 

0 27 

0 31 

0 

0 

A 

22 

D93 

— 

0 31 

0 36 

0 

0 

c 

4 

Pettman 

09 

034 

0 36 

0 

0 

C 

20 

Niel 

70 

0 30 

026 

0 

0 

C 

— 

6370 

39 








Streptocoooi of viTxdans type 





1 


06 

0 31 

— 

— 

0 


2 


0-6 

0 30 

0 36 

0 

0 


3 


0 76 

0 30 

0 30 

0 

0 


4 


0 77 

0 28 

023 

0 

0 


5 


0 82 

0-30 

— 

0 

0 


0 


0 77 

0 31 

0 32 

0 

0 


7 



— 

0 26 

0 

0 


0=no morease detected m glucosamme content of supernatant compared with the umnoculated medium 


the cells of both capsulated and non capsulated 

organisms IS remarkably constant This suggests that 

the substance or substances which contam glucos 
amme and are closely associated wuth the cells are 
altogether different from the capsular substance and 
may possibly form some essential building material 
of the cell rather than part of an extracellular 
jjolysacchando or of a metabohe mtermediate The 


The reproducibihty of the figures given for the 
ates of utilization of N acetylglucosamme was 
ixammed by testmg one stram (6370) on twelve 
eparate occasions with freshly prepared suspensions 
fhe average rate (given m Table 1) was 3 9 and 
iverage variation of the twelve results ± 19 6% 
Chese figures mclude two extreme values of 4 9 and 
! 6 Other strains were also exammed m a smaller 



METABOLISM OF AMINO SUGARS 


89 


Vol 45 

number of experiments and the results shoM-ed a 
Bumlor degree of variation 
The results mcidently suggest that the loss of 
capsules in old cultures of the haemolj’tio strepto 
coGCi 18 due to their solution in the culture media and 
not to the formation of enzymes which hydrolyse 
them If the latter were the cose the hberated 
hexosatmne would have heenutilizedandnone found 
m the acid hydrolysed culture supernatants 

The end products from "li^-acetylglucoaamtnc 

The formation of an acid product and of NH, from N 
acetylglucosamme ivaa observed m carhor oxpenmente, 
qnahtative tests showed that laotio acid was present The 
same end products were also formed under anaerobic con 
dibons. Estimations were therefore made of these two 
substances and of volatile acids, smce it seemed hkely that 
acetic acid might arise as a result of deacetylation of the 
ammo group The techmques used for the preparation of 
the cell suspensions and for following the metabohsm of the 
ammo sugar were those described above The mcubation 
penod was extended until no further acid was formed, the 
pH being mamtamed at 7 2 as before 

Table 2 End products from N aceiylglucosamtne and 
from glucose by non prohf crating suspensions of 
haemolytic and vindans streptococci 

(NAG=^i^ acetylglucosamme, G=glacose, 0=none de- 
^t®d, — =not eia mined.) 

Mol /mol sugar 



NH, 

Lactic acid 

. X. 

Acetic acid 

Jk 

Substrate 

NAG 

6 NAG q' 

Strep haemdlytxcus 

NAG 

» 

G 

Niel 

0-97 

0 

1 60 

1 57 

. 

__ 

283T 

0 97 

— 

161 

170 

104 

0 

23N 

100 

— 

171 

1 66 

100 

0 

P316 

0 99 

0 

1 70 

1 68 

1 06 

0 

6370 

1 00 — 1 60 — 
Streptococci of mndans type 

105 


3 

0-96 

0 

1 12 

1 30 

140 



4 

0 98 

0 

133 

136 





6 

6 

0 92 

0 

1 44 

142 

1 10 



0 94 

0 

120 

1 34 

104 

— 


All ^ shows a selection of the results obtamed 
the orgamsms yielded approximately 1 mol of 
®t^oma, 1 eqmvalent of volatile acid and from 
to 1 7 mol of lactic acid/mol sugar One of the 
wn ans strains was anomalous m forming about 
equivalent of volatile acid and only 1 1 mol of 
oc iG acid. The amount of lactic acid formed from 
6 uc^ was exammed m parallel experiments, as 
be seen m the Table, the results are closely 
uni ar to those obtamed usmg N acetylglucos 
^^rnine, and agree with those already reported m the 
1 crat^ fo). metabolism of glucose by strepto 
cci (Smith d, Sherman, 1941, Hewitt, 1932) 


Carbon dioxide formation from N acetylglucos 
amme was measured for two strains only, 0 86 and 
0 9 mol were formed from 1 mol of substrate In 
these two examples 87 and 90 % of the carbon were 
recovered Thus the end products formed from 
N acetylglucosamme appear to be closely similar to 
those from glucose with the addition of ammoma 
and acetic acid from the acetamido group of the 
former compound 

pH. optimum for utilization of H -acetylglucosamme 

The rates of utilization and deamination of N acetyl 
glucosamme by Strep haemolyticus 5370 aotmg at different 
pH’s were examined as follows A suspension of the organism 
was prepared in the usual manner with the exception that 
the final suspending flmd was water and not phosphate 
buffer, providmg such a suspension was used immediately 
no detectable mactivation took place though on storage the 
pH feU rather rapidly and the enzyme systems were m 
activated The suspension was mixed with equal volumes of 
0 2m phosphate buffers at the appropnate pH values which 
were checked m the presence of the cells, using the glass 
electrode The mixtures were warmed to 37 6° and sufficient 
0 1m acetylglucosamme added to make the final con 
centration 0 01m It was found that the pH dnfted m those 
tubes m which the reaction was proceeding at optimal rate, 
even m the presence of the stronger buffer Phenol red was, 
therefore, added to these tubes, which were withm the pH 
range of 7 0-7 6, and the acid formed neutralized with 
0 In NaOH When approximately half the substrate had 
been used m the optimal pH range the reaction was stopped 
by the addition of h HCl and analyses earned out as usual 
on neutralized supernatant fluids from the centrifuged 
BuspensionB 

Fig 1 shows that the optimum pH for both the 
rates of deamination and utilization as assessed by 



pH 

Fig 1 Influence ofpH on the metabohsm of A'' acetylglucos 
amme by Strep haemolyticus stram 6370 actmg m the 
presence of 0 1 M phosphate at 37 5° — O — % N acetyl 
glucosamme utilized, — x — % of theoretical NH, 
formed. 

the usual methods is between 7 0 and 7 5 During 
these experiments attempts were made to use buffers 
other than phosphate, such, for example, as \ eronal 
(Alichaehs, 1930) or acetate Tlie rates of both 
utihzation and deammation, however, were about 



IS taken as preliminary evidence that phosphoryla 
tion cycles are mvolved m the metabolism of the 
hexosamme 

Tlie optimum pH is similar to that of 7 4-7 8 
recorded by Lutwak ilann (1941) for the deamina 
tion of glucosamme by animal tissue preparations 
The streptococci apparently remam active at a 
shghtly lower pH than the tissues, which were 
mactive at pH 6 0 

The relative rates of utilization, dsamination and 
lactic acid formation 

Lutwak Mann (1941) found that oxidation of 
glucosammepreceded deamination, and that utiliza- 
tion and deammation were not eqmvalent H, m the 
metabohsm of N acetylglucosamme by streptococci, 
oxidation at carbon atom 1 or 2 precedes deammation, 
N acetylglucosamme would disappear vnthout the 
appearance of an eqmvalent amount of ammoma or 
lactic acid, for the oxidized molecule would give no 
colour m the usual estimation (cf Morgan, 1936, 
White, 1940) To exarmne this possibihty a suspen 
sion of Strep haemolyticus 6370 was prepared m the 
usual manner mid mixed with an equal volume of 
0 02 m W acetylglucosamme Both the suspension 
and the solution were first warmed to 37 6° Samples 
(2 0 ml ) were then taken at the times mdicated in 
Fig 2 and added to 0 2 ml of n hydroclilono acid, 
centrifuged immediately and the supernatant flmds 
neutralized The pH of the mixture was mamtamed 
at 7 2 tliroughout the mcubation by addition of 
0 1 N sodium hydroxide Phenol red was present as 
mtemal mdicator 

Fig 2 shows that witlim the experimental error 
there is no lag m the hberation of ammoma or m the 
formation of lactic acid, the small difference between 
the curves was not a constant feature of the reaction 
and did not amount to more than 10 % at any pomt 
Thus it seems unlikely that changes mvolvmg 
carbon atoms one or two m the N acetylglucosamme 
structure appreciably precede liberation of the 
ammo group In other experiments the rate of dis- 
appearance of N acetylglucosamme was correlated 
with that of total glucosamme rema inin g after acid 
hydrolysis and with that of reducing sugar Agree 
ment was agam witlim experimental error 

These results suggest that any mtermediate step 
between the unmodified N acetylglucosamme and 
the removal of the ammo group is not one wluch is 
a major factor m determinmg the overall rate There 
is no evidence for the accumulation of an ammo 
compound Lutwak Mann’s (1941)resiiltsfortissue- 
shce preparations are m striking contrast For 


would have been different smee the deammation of 
N acetylglucosamme by the tissue shces was slower 
than that of glucosamine itself 



Pig 2 Rates of utilization, deammation and lactate 
formation hem N acetylglucosamme usmg washed sue 
pensions of Strep haemolyticus stram 6370 acting at 
pH 7 2 m 0 033m phosphate at 37 6°, — • — jimol N 
acetylglucosamme utilized, — x — /unol NHj formed, 
— — 0 6/imol lactate formed 

Inhibitors of the reaction 

The influence of various known mlubitors of metabohsm, 
on the rates of utilization and deammation of N acetyl 
glucosamme and on the rate of lactate formation was 
exammed, usmg Strep haemolyticus 6370 as test oiganism 
Samples of the cell suspensions, prepared m the usual way, 
were warmed to 37 6° and mixed with suflScient of the 
inhibitors to give the concentrations mdicated m Table 3 
after the addition of substrate An equal volume of warm 
0 02u acetylglucosamme was then added The pH was 
mamtamed at 7 2 throughout the experiment by the addition 
of 0 In NaOH usmg phenol red as mtemal mdicator 
Incubation was contmued imtil about 60% of the substrate 
had been used m the mixtures contammg no inhibitor and 
the reaction was then stopped by the addition of N HCi 
Analyses were earned out on the neutralized supernatants 
as before 

All three stages of the reaction are inhibited by 
fluoride, copper ions, capryl alcohol, toluene, anis 
aldehyde, ketone fixatives, citrate and to a shght 
extent by dunedone (Table 3) Some of these sub 
stances appear to inhibit the rate of utilization rather 
less than they do the rate of either deammation or of 
lactate formation Tlie differences, however, are not 
very large and were not constant from experi- 
ment to experiment Them significance is, therefore, 
doubtful Tlie mlubition by citrate was particularly 
mterestmg because it was later shown that glucose 
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20-30 % loiror m the presence of phosphate at example, kidney and testis hberated only 20-80 % 
the same pH This reduction was due neither to of the theoretical amount of ammoma from glucos 
depression by the buffers used nor to absence of armne ^respective of the mcubation time It seems 
H ion, smee the addition of phosphate but not of unlikely that results for the aeetylated compound 
potassium cliloride restored the rate of reaction It 
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also inhibited Any possibihty, lio-wever, that the 
mechanism of citrate action mvolved the four 
carbon acid cycle, ivas excluded by the negative 
results obtamedmthfumarate, mnlate ondmalonate , 
moreover, citrate v as effective under anaerobic con 
ditions Tlie inhibition was completely reversed by 
the addition of 0 06m magnesium chloride and there 
fore seems to be due to removal of either or 

Ca"*^ ions 


Table 3 Influence of inhibitors on utilization, 
deamination and lactate formation from -acetyl 
glucosamine by suspensions of Strep haemolyticus 
fifmtn 6370 

(pH, 7 2, temp, 37 6°) 



Concen- 

tration 

Inhibition (%) 

K 

Inhibitor 

r 

Deamma- 

Lactate 

(m) Utilization 

tion 

formation 

NaF 

0 02 

83 

88 6 

97 0 


0-01 

83 

81 8 

87 0 


0 001 

0 

17 2 

12 0 

Citrate 

004 

60 6 

70 0 

63 8 


0-02 

67 9 

67 8 

60 6 

KCN 

0 01 

16 8 

17 5 

14 6 

NaHSO, 

025 

484 

649 

77 


012 

27 9 

43 2 

62 8 


0 05 

69 

32 0 

33 2 

NHjOH Ha 

0 01 

422 

63 2 

72 0 


0-002 

27 9 

18 2 

22 9 


0 001 

17 3 

0-10 

60 

Dimedone 

0-02 

0-10 

21 6 

^ - 


0-01 

0-10 

26 2 




0 005 

0-10 

17 3 



Capiyl alcohol Saturated 
Bolution 

222 

40 4 

37 9 

'Toluene 

Saturated 
solution (a) 

243 

436 

20 


Saturate 
Bolution (6) 

100 

100 

100 


Saturated 
Bolution (c) 

100 

100 

100 

“^lUAaldehyde 

Saturated 

Bolution 

87 0 

93 0 

— 

Cu"^ as 

0-0016 

22 2 

17 3 

39 0 

CuSO* 6H,0 

0 00016 

0 

4 

60 


im —Toluene added to cell suspension and gently shaken 

immediately before experiment (6) = Toluene and ceU 
incubated together for 24 hr at normal torn 
P lire (c) =As for (6) but incubation at 37° 


, ® of inhibition by bisulphite varied from 

f ° u^ of organisms Whereas for one batch 
j 0 02ii sodium hydrogen sulphite inhibited 
nammation by 60-60 % , with another the inhibi 
>on. by a strength of 0 06 m was only 30-36% The 
w a ive efficiency of the three fixatives, bisulphite, 
J xylamme and dimedone, is also of mterest and 

e results might most easily be mterpreted by 
pposing that primarily they inhibit endocellular 


reactions by combining with aldehyde or ketone 
prosthetic groups, rather than with metabohc mter 
mediates free m the flmd The comparative m 
effectiveness of dimedone would then be exphcable 
because cells nught be expected to be less permeable 
to the large molecule of tins substance 

The influence of glucose on the reaction 

Concentrations of glucose from 0 05 to 0 2m inhibit 
deamination of glncosaimne by 60-70% usmg tissue pre 
parations (Lutwak Mann, 1941) The influence of glucose 
npontheutihzationanddeaminationof N acetylglucosamine 
by streptococci was exanuned as follows Cell suspensions 
of two haemolytic streptococci (Niel and 6370) were prepared 
and samples (1 0 ml ) distributed m tubes Water was added 
to give a volume of 1 8 ml after the addition of m glucose 
(final glueose concentrations 0 2, 0 1, 0 05 and 0 02m) The 
diluted cell suspensions were warmed to 37°, and the glucose 
sojation added, fofloired immediately by W ocetj'Jglucos 
ainme to 0 01 m The pH was mamtamed dutmg subsequent 
incubation by the addition of 0 In NaOH, with phenol red 
as indicator Reaction was stopped by n HCl when 60 % of 
the full amount of acid had been produced m a tube without 
glucose and H acetylglucosamme and NH, were determmei 

Table 4 shows that concentrations of glucose from 
0 06 to 0 2 m mlubit both the utihzation and the 
deammation of N acetylglucosamme The degree of 

Table 4 The inhibition of utilization and deamination 
of N -acetylglucosamine by glucose, using loashed 
suspensions of two strains of Strep haemolyticus 

(pH, 7 2, temp , 37 6° ) 

Inhibition (%) 


Utilization Deammation 


Glucose 

! ^ 


f ^ 

\ 

concentration 

Stram 

Stram 

Stram 

Stram 

(M) 

Niel 

6370 

Niel 

6370 

02 

79 0 

— 

838 

93 6 

0-1 

79 6 

75 9 

67 6 

71 2 

0 05 

64 0 

49 6 

60 2 

62 2 

0 02 

29 6 

4 

236 

66 


mhibition is smular to that recorded by Lutwak 
Mann (1941) for tissues acting upon glucosamme 
One of the mterestmg results obtamed with tissues 
Was that the end products formed from glucose by 
testicular preparations also inhibited the deamma 
tion of the ammo sugar Streptococci, however. 
Were not inhibited by the neutralized products 
formed from glucose, lactate itself was equally 
meffective 

Relative rates of acid formation from glucose 
and N acetylglucosamme 

The rates, m two strains of Strep haemolyticus, 
were measured by the amounts of 0 In MaOH 
necessary to raamtam a pH of 7 2 The techmque of 
preparmg the cell suspensions and of conducting the 
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reactions was as described for earher experiments 
The concentration of both substrates at the beginning 
of the experiment was 0 01 m Fig 3 shows that the 
rate of acid formation from glucose is very much 
faster than from N acetylglucosamme There a 
again no evidence of lag usmg N acetylglucosamme 


is 



Fig 3 Relative ratesof acid formationfromA’^ acetylglucoa 
amine and glucose by washed suspensions of two strains 
of Slrep haemolylicus (Niel and H713) acting at pH 7 2 
in 0 033 m phosphate at 37 6° , — O — acid formation from 
glucose , — O — acid formation from N acetylglucosamme 

The rmtial rates of the reaction were measured for 
rune strains of Strep haemolytxcus and seven of the 
vtndans organisms The rate of acid formation from 
glucose was always found to be faster than from the 
ammo sugar, the ratios of the mitial rates bemg from 
2 to 20 for the former group of organisms and from 
2 to 9 for the latter 


DISCUSSION 

The end products formed by streptococci acting 
upon N acetylglucosamme differ from those formed 
from glucose, by the additional presence of ammoma 
and volatile acid, but the amount of lactic acid is 
closely similar for the two substrates The question 
is at what pomt or pomts m the fermentation is the 
acetamido group decomposed to ammoma and free 
acetic acid One possible scheme for the breakdown 
of jV-acetylglucosaimne which would accoimt for the 
end products obtamed is deacetylation followed by 
hydrolysis of the ammo group The remaimng 
glucose could then be fermented by the usual pro 
cesses The effect of inhibitors upon the reaction, 
however, does not favour this hypothesis, as the sub 
stances exammed inhibited the formation of lactate 
and ammoma to about the same extent Thus it 
seems that glycolysis and deammation are closely 
related Otherwise we must assume that the 
sensitivity of the ‘glucosamme deaminase ’ is exactly 


the same as tliat of the various glycolytic enzymes, 
smce mhibitors as widely apart m their mechanism 
of action as fluorides or citrate (which inhibit by 
removal of Mg'*”*'), ketone and aldehyde fixatives 
such as bisulphite, lodoacetate (which effects 
enzymes dependmg upon thiol groups), and glucose 
(which presumably inhibits competitively) all 
influence deammation and lactate formation to 
about the same extent 

The way m which the glycolytic and deammation 
reactions are mterrelated cannot be decided from the 
results so far obtamed The most likely hypothesis, 
however, on the present results and those obtamed 
by Lutwak Mann (1941) for mammahan tissue 
shce preparations would seem to be that partial 
breakdown of the glucopyranose structure occurs 
before the ammo group is liberated £is ammonia 
Although no evidence for the formation of mter 
mediary ammo compounds was obtamed m the 
present work — the somewhat greater degree of 
mlubition of deammation as compared with utfliza 
tion obtamed usmg some inhibitors bemg too small 
and irregular to use as evidence — the observations 
of Lutwak Mann (1941) that only 20-60% of the 
theoretical amounts of ammoma are hberated usmg 
testicularpreparations could be explamedm this way 
No lactic acid is formed by this tissue, although the 
ammo group remains free throughout the reaction 
It appears that here some acid ammo compound 
must be formed, and that the testicularpreparations 
lack the enzyme systems, which can convert it to 
lactic acid. The deammase m streptococci must be 
very active, assuming mtermediate ammo com 
pounds are formed, smce there is no lag between the 
disappearance of the hexosamme and the appearance 
of ammoma "WTiatever reactions are pace setting, 
they must leave sufficient of the N acetylgluoos 
amme molecule mtact to give the colour reaction 
The other possible type of mterrelation between 
glycolysis and deammation is that, as with gluta 
min e (McHwam, 1946), fermentation must be pro 
ceedmg before deammation can take place The 
inhibitory properties of glucose, however, do not 
support the idea Usmg whole cells, however, per 
meabflity factors comphcate the mterpretation of 
results, and the problem would be better reserved 
for study with cell free enzymes The possibihty that 
acid ammo compounds are formed durmg the break 
down of hexosammes suggests that an ammo acid 
may be formed Streptococci, however, have very 
limi ted potentiahties m breakmg down these sub- 
stances TTills (1940) exammed washed su^ensions 
of four strams of Strep haemolyticus. Groups A and 
B, and one of Strep vxndana He found that of the 
common ammo acids only arginine was deammated 
rapidly Clearly the mvolvement of argmme itself 
as an mtermediate m the breakdown of N-acetyl 
glucosamme is impossible from both structural con 
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siderations and the nature of the end products , all 
the ammonia mis hberated from the hevosammes, 
whereas two ammo groups would remam fixed m 
omithme if arginme were an mtermediate Never 
theless, the extremely poor array of deammoses 
present m the streptococci renders desirable a 
further exanunation of the relations between 
arginme dihydrolase and the deammase active m 
the breakdown of the amin o sugars 

SUMMABY 

1 The rates at wluch suspensions of Strcpto 
coccus haemolyttcus and Strep viridans utilize 
A’^-acetylglucosamme show no obvious correlation 
with the amount of hexosarmne sjcnthesized by 
cultures 


2 The end products formed by streptococci from 
1 mol ofN acetylglucosammeare Imol ofammoma, 
12-17 mol of lactate and 1 eqmvalent of volatile 
acid 

3 The pH optimum for the reaction is 7 2-7 6 

4 Tlie rates of utilization, deamination, and 
lactate formation are equal 

6 Reagents mhibitmg lactate formation also 
inhibit deamination and the disappearance of 
N acetylglucosamme 

6 The most likely mechamsm for the reaction 
appears to be the breakdown of the glucopyranose 
structure with the subsequent deammation of an 
mtermediate ammo compound 

The anther acknowledges the very considerable technical 
assistance given by Mr A Parkinson dnrmg this work, and 
thanksDrNualaCrowley forthe strains of/S(rej) haemolyitcus 
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The Kinetics and Specificities of Deamination of 
Nitrogenous Compounds by X -radiation 


By W M dare, j V DAVIES and C W GH^BERT 
Christie Hospital and Holt Radium Institute, Manehester 

(Received 31 January 1949) 


lo ccmtmuation of previous mvestigations on the 
^oificity of radiation effects (Dale, 1942, 1947, 
1944, 1948)wehavefound that deamination 
irnt^ ^hen aqueous solutions of ammo acids are 
wh 1 , ^ (Dale & Davies, 1949), a fact 

(19481^^ iiidependently observed by Stem & Weiss 
' S) The specificity of this reaction and its peculiar 
With ^®®®rihed m this paper are of consequence 
^ mode of the mdirect action of 
biolo solutions and probably for the radio 

the An attempt will be made to mterpret 

results m terms of the pnmarj 
ion of radicals from water by X rays (Vreiss, 


1944) It IS, however, possible that the current con 
cept of radical formation may need modification m 
view of certam still unexplamed facts, for example, 
the variation of the protective power of certam sub 
stances with their concentration (Dale, Davies & 
Meredith, 1949) 

Tlie approach to the problem of the relation 
between radiation effect and molecular structure of 
the solute, presented m this paper, is different from 
that used prexnously 'Whereas then an overall 
picture of the radiosensitivitj' of a substance was 
mdirectly obtamed by measuring the competition 
between two solutes for the available radiation 
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energj% there is now only one solute present m any 
one experiment and the formation of ammonia is 
directly measured m relation to the molecules from 
which it IS derived 

EXPERBIENTAL 

Mdhoda Radiation was obtained either from a 600 kV 
Metropolitan Ihckcrs contmuously ei acuated X raj tube 
(half value layer o 2 mm Cu, average A =0 050 A ) or from 
a Victor KX 10, 140 kV tube (half value layer 3 mm Al, 
average A = 0 29 A ) The dosage rate at the position of the 
solution was determmed by a 250 r Victorcen condenser 
dosemeterwhich had been cahbratedattho National Physical 
Laboratory A Hammer dosemeter was used to mtegratc the 
total dosegiven. Thogeneraltreatmentofglasswarocomphed 
with rules desenbed earlier (Dale, Gray A Alcrcdith, 1049) 
AU solutions were made up by weight with air saturated 
water redistilled from alkalmo OInOi m an all glass (Pyrex) 
still and then exposed to radiation m fused glass ampoules 

Analytical prcKcdurc The NH, was distdled in a standard 
microdiffusion apparatus (Conn ay, 1947) from a solution 
half saturated with respect to hLCOj mto standard acid 
Usually 1 0 ml of 0 02 n H_SOi employed For the final 
colonmetno estimation of NHj by nesslonzation a Spekker 
photoelectno absorptiometer cahbrated for the range of 
1-10 pg of NHj/ml was used We are indebted to Adam 
EhlgerandCo Ltd for the loan of this instrument VTienever 
a greater amount of NHj was found m prehminary expen 
ments, the solution under test was immediately diluted with 
nesslenzed water to a final concentration falling withm the 
presenbed range Dilution was earned out by adding rapidly 
the required volume of nesslenzed water to the distillate 
contamed matcsttnbeandcompletingthemiiingby pounng 
the combmed fluids back. This procedure helped to avoid 
mterfenng turbidity Only m the few cases m which the 
solution was strongly alkalme (carboxypeptidase, guamdme 
carbonate and glyoxalme), was irradiation earned out in the 
Conway umt itself, the outer nng containing the solution and 
the central compartment the standard acid No further 
alkali was added 

For all eipenments blanks were mclnded m order to 
detennme any extraneous traces of NH, or any NH, which 
might have been spht off from the substances under the 
conditions of the analysis Any such blank value was sub 
traoted from the expenmental value Very careful and 
thorough recrystallization of the ammo acids, etc., is 
necessary m order to reduce the blanks to neghgible values 
In a few cases the amounts of ammo acids available for the 
experiments were not sufficient to permit of a thorough 
recrystallization and such samples tended to show a high 
blank 

RESULTS 

Vanation of ionic yidd of glycine with 
concentration 

Tile X-ray dose for aU concentrations waa 166,000 r 
for aqueous solutions up to near saturation 
(2 X 10® pg /ml ) (The density of this solution is 1 08 
and of dry glycme 1 16 ) The experimental pomts 
are shown m Fig 1 They fall approximately on 
a curve given by I oc O'", where n = 0 3,1 = lomc yield, 
defined m this paper as the number of molecules of 
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ammonia liberated for every 32 6 eV of X ray 
energy adsorbed, and 0= concentration of glycme 
Tlie curve drawn m the figure is calculated on a 
theoretical basis (see Discussion and Appendix) 



Fig 1 Ionic and absolute ammoma yield from irradiation 
of glycme by 166,000 r Pomts, experimental, curve, 
theoretical, arrow, dry glycme 

The arrow m Fig 1 mdicates the yield for dry 
glycine (2 96) To avoid any loss of ammonia m this 
case, irradiation took place m a closed system con 
sistmg of two glass bulbs fused to a connecting tube 
which separated the dry glycme from 0 01 ii-HsS 04 
After irradiation the contents were mixed and the 
ammoma determmed 

Table 1 Ammonia yield from amino acids and other 
nitrogen-containing compounds in 0 IZxL solution 
after exposure to an X ray dose of 166,000 r 


Substance pg NH,/niL 

Glycme 8 1 

Glycme + 1 equiv HCl 6 0 

Glycme + 18 eqniv NaOH 8 0 

Alanme 7 2 

jj Alanme 4 3 

Bfistidine 11 8 

Histidme monohydrochlonde 10 6 

Lysme monohydrochlonde 3 7 

Argmme 7 6 

Cystme -t- 1 eqmv HCl 6 3* 

Cystme + 1 eqmv NaOH 19 0* 

Methionme 6 6f 

Glycme anhydnde 1 3 

Glyoxahne 3 0 

Glycylglycme 12 5 

Glyoylglyome + HCl 3 8 

Leucylglyome 6 6 

Diglyoylglycme 7 0 

Prolme 0 

Urea 0 2 

Guamdme carbonate 0 

Thiourea 1 ^ 

fCarboxypeptidaseJ, 2 3%, 6 6 x 10^ M 9 1*] 


• Large blank, 
t Relatively laige blank 

4; Mol wt 32,000 (Putnam & Neuratb, 1946), 34,000 
(Dale, Gray A Meredith, 1940) 
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Deamination of amino 'acids and other 
nitrogen-containing compounds 

AH compounds were irradiated m 0 13 m solutions 
(eqmvalent to 10 mg of glycme/ml ) with an X ray 
dose of 166,000 r Tlie results are summarized m 
Table 1 and considered m the discussion 

Effect of exclusion of oxygen 

Experiments were earned out with 0 X 3 'gen free 
solutions of glycme which gave the same jneld of 
ammoma as aerated solutions In addition, glycme 
dissolved m solutions of 0 0006-0 002 m hj'drogen 
peroxide gave the same 3 ueld of ammoma as glycme 
dissolved m water (O 0006 m hydrogen peroxide 
solution 13 eqmvalent to a concentration of peroxide 
resulting from an X ray dose of 166,000 r , if it were 
formed with an lomo yield of umty ) 


DISCUSSION 

In discussing the results and attemptmg to fit them 
into current concepts of the mode of action of 
loni zmg radiations, attention must be paid to the 
kmetics of the reaction and to the sjiecificity of the 
radiation effects The mactivation of enzymes (Dale, 
Meredith & Tweedie, 1943, Dale, 1943) and vnruses 
(Lea, Smith, Holmes & Markham, 1944) by m 
creasing doses of radiation was shown to follow an 
exponential course owing to the mcreasmg protection 
given by the steadily growing fraction of solute, 
already deactivated, but still capable of reacting' 
^th the agent of mdirect action formed from ■water 
The radiation effect could only be measured m terms 
of a change of the initial concentration of the solute, 
a change which had to become fairly large m order to 
0 tarn accurate results In the present mvestigation 
e ammonia spht off by radiation is directly 
measured when only a few parts per thousand of the 
imtial glycme liave been changed One would expect 
crefore an effect proportional to the dose, imd this 
Iras 1 ended experimentally 


The ionic yield of the deamination of glycine 

The radiation producmg deammation of dissolved 
B J cme acts partly directly on the glycme and partly 
, tbe water The action on dry glycme 

t only and the direct action m solution is 
r^ortional to the concentration of the solute We 
apportion the contributions of the direct and 
sol t action to the ammoma yield m the 18 % 
16^000 ' direct action "will give 3 8 ;ig /ml for 
and' tVi ^ yield from 1 8 g of glycme, 

19 9 ® A^direct action •wiU therefore contribute 

23 7 ^ total ammoma yield of 

due t^ H ^ more dilute solutions the proportion 
action is even less These considerations 
at the effects are mainly mdirect Tlie e'xpen 


mental results have, therefore, to be discussed m 
terms of mdirect action, the most characteristic 
feature of uliich has hitherto been the constancy of 
the lomc yield when the concentrations of the solute 
are varied, except at extreme dilutions The deamma- 
tion of gljmme (Fig 1) shows no such constancy o\ er 
the whole range of concentrations from very dilute 
to nearly saturated solutions, mdicatmg a more com 
plicated mechanism The usual explanation for the 
falling lomc yield at extreme dilution is the recom 
bmation of the hydroxyl radicals and hydrogen atoms 
formed from the water This explanation may hold 
for deammation, if recombmation is still appreciable 
at the high concentrations, because of a low affimty 
of the radicals for glycme (Dale, 1942) 

The experiments show that the lomo yield rises to 
a -value of 2 9 -without any tendency to approach 
a limit Tlie lomc yields so far observed for biological 
substances he between the hunts of 0 1 and 1 0, and 
thus the deammation of glycme by X rays seems to 
be the first e-xample of a non polymenzmg reaction 
of an orgamc compound which can greatly exceed 
umty (A second example is the hberation of sulphur 
from thiourea by radiation (Dale & Davies, 1949) ) 

How then can the high lomc yield both for aqueous 
solutions and dry glycme be explamed? We shall 
examme two alternative mechanisms to eiccount for 
it m aqueous solution, one mvoking formation of 
several pairs of radicals per ion pair and the other a 
cham reaction It is obvious that the mechanisms to 
be discussed for the aqueous solutions cannot explam 
the yield from the dry glycme, and we shall not 
attempt to specify the way the energy is utdized m 
this case 

To begm with the non cham radical mechanism 
Weiss (1944) has suggested that the effects of 
lonizmg radiations are due to hydrogen and hydroxyl 
radicals formed by the sphttmg of water molecules 
It has frequently been assumed that about one 
effective radical pair is formed for each ion pair (Lea 
1947) On the basis of this assumption an ionic yield 
exceedmg umty could not primarily occur, smce one 
radical by its very nature cannot react -with more 
than one molecule of glycme However, radicals may 
be formed by excitation or direct dissociation as well 
as by neutralization of charged ions (Damton, 1948, 
MiUer, 1948) MiUer suggests that, m the case of Ins 
morgamc solute, a total of about three pairs of 
radicals are formed per ion pair (or, more exactly, 
per 32 6 eV of energy absorbed from the radiation) 
This IS energetically possible, smce it requires 6 eV 
to form a pair of radicals and from the 32 6 eV 
absorbed only about 12 eV is needed to ionize the 
water molecules If both radicals are effective (Dale, 
1947, p 49) m reactmg with the solute either directly 
or mdirectly by a mechanism such as suggested bv 
Miller (1948), then an lomc yield as lugh as 6 could 
be obtamed -without any form of cham reaction 
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Tlie other alternative ib a chain reaction Damton 
(1948) has recently shown that hydroxyl and 
hydrogen radicals catalyse the polymerization of 
vmyl cyamde and 2 cyanoprop 1-ene In this re 
action the radical is mitiating a cham reaction which 
can contmue without further participation of a 
radical of the same type For the deamination of 
glycme, however, it is unlikely that after a hydroxyl 
radical has coUided with a glycme molecule an 
ammoma formation could progress on its own. with 
out further radicals takmg part A mechanism on the 
foUowmg Imes might be suggested 

OH + +H 3 N CHj COO~ = OH CHa C00“ + NHJ, 
NH+ + HjO = NH+ + OH 

The re formed hydroxyl radical can then coUide wnth 
another glycme molecule and so carry on the cham 
For the deamination of ammo acids by ultra 
violet light (Weizmarm, Bergmann & Hnschberg, 
1936) an ionic mechanism was proposed on account 
of a maximum quantum efficiency for the isoelectric 
state of the ammo acid exammed Tins mechanism 
does not seem to apply to the deammation of ammo 
acids by X rays smce the hydrochlorides of ammo 
acids yield less ammoma than the ammo acids them 
selves (Table 1) 

The variation of ionic yuUd with concentration 
of solute 

The schemes suggested above give a broad picture 
of how lomc yields exceedmg umty may occur They 
do not yet accoimt for the particular form of the 
variation of yield with concentration which can be 
explamed by considermg the kmetics of the reaction 
and the spatial distribution of the radicals The 
energy of the X radiation is transferred to electrons 
(Compton recoil or photoelectrons), and the radicals 
are formed imtially along their tracks, either from 
10ns or from water molecules directly excited or 
dissociated by the electron The mitial density of the 
radicals is high, and therefore only at high con 
centrations of solute will their reoombmation be 
neghgible The rate of loss of radicals can be 
represented by the equation 
dix 

=—D V^n + tx.n^ + BOn, 

dt 

where n is the concentration of radicals, O the con 
centration of the solute, D the diffusion constant of 
the radicals, a the velocity constant of the recom 
bmation of the radicals, ^ the velocity constant for 
the mteraction of the radicals and solute leading to 
the removal of the radical and t the tune 

At the dose rates used the highly locahzed forma 
tion of radicals along the electron paths confines the 
entire reaction to their immediate neighbourhood, 
so that m the equation above we need only consider 
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one electron track, and therefore the reaction is 
mdependent of dose rate The mitial concentration 
distribution of radicals has a defimte value n^, and 
their subsequent fate is described by the solution of 
the equation On the basis of this equation a curve 
covermg both mechanisms has been calculated (see 
Appendix), the numerical values of the parameters 
having been chosen to give the best fit to the expen 
mental pomts (Fig 1) It is worth notmg that the 
choice of constants is not cntical and m particular 
that no rehable estimate can be made, m the case of 
the non cham reaction, of the number of effective 
radicals per ion pair and m the other case of the 
cham length 

The pecuhanty of the deammation reaction by 
X rays is brought out on comparmg this reaction 
with the mactivation of enzymes and viruses (Dale, 
1947, Lea, 1946), where the recombmation of 
radicals becomes neghgible at much lower con 
centrations, resulting m a constemt ionic yield over 
an appreciable range of concentrations The deamma 
tion, m fact, never attains constancy of its lomc 
yield, and it is uncertam whether such a state would 
be reached if higher concentrations were physically 
possible This uncertamty makes a rational mter 
pretation more difficult and one can only tentatively 
mterpret the different behaviour of the various 
substances bemg deammated m terms of their 
respective affimty to radicals (considerably lower 
than for enzymes) This difficulty becomes even 
greater m the hberation of sulphur from thiourea 
(Dale & Davies, 1949) which follows a s imila r course, 
although protection experiments suggest a high 
affimty (Dale, 1947) 

In the present state of knowledge one is justified 
m attempting an mterpretation m terms of radicals 
and their recombmation, but, as pomted out m the 
mtroduction, present views of the mechanism 
discussed m this paper may have to be modified 
m the future 

The specificity of the deamination of amino-acids 
and other nitrogen containing compounds 

As IS shown m Table 1 the a ammo acids — glycme, 
alanme and argmme— are deammated to nearly the 
same extent, whereas histidme exceeds the average 
value This larger value for histidme may either be 
due to a contribution from the glyoxahne part of the 
molecule, smce glyoxahne itself yields a certam 
amount of ammoma on irradiation , or to a weakenmg 
of the strength of the C-N bond m the a ammo group 
through the vicmity of the glyoxahne or to both 
these causes An ammo group m the position 
()3 alanme) appears to be more resistant to deamma 
tion In the case of oystme and methionme, 
deammation takes place, but no further conclusions 
are drawn smce the blank values were too high 
When an eqmvalent amount of alkah is added to 
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glycme deajrunation. remains at the normal level, 
however, a most strikmg effect on deammation is 
ohserved when an eqmvalent amount of acid is 
added to the solution of ammo acids and dipeptides 
The ammoma yield then falls by about one third 
Apparently the vicunty of the undissociated carboxyl 
group, wluch m the dissociated state shows a marked 
resistance to radiation (Dale, 1947), affects the 
strength of the C-N bond Tlie effect is masked m the 
case of histidine where the hydroclilonc acid com 
bmes mamly with the basic group of the glyoxahne 
The combmation of two glycme molecules m rmg 
form (glycme anhydride) considerably reduces the 
ammoma value, and similarly the peptide linkage m 
leucylglycme and diglycylglycme does not contribute 
to deammation, but glycylglycme appears to be an 
exception 5ueldmg more ammoma than glycme The 
immo group m ptolme and the ammo groups, 
combmed with carbon dioxide m guamdme car 
bonate or free m urea and thiourea, are either com- 
pletely mert or very nearly so 

In the experiments with crystalhne carboxy 
peptidase, representing a highly purified protem, 
large blanks were obtamed and the value of 9 1 
of NHj/ml given m Table 1 is therefore not very 
rohable 


Biological significance 

Trom the biological pomt of view the high lomc 
yield of deammation may be of importance The 
deammation of ammo acids and proteins m vital 
regions is likely to have a toxic effect on cell functions 
and their co ordmation It has been shown (Auer 
bach & Robson, 1947 , Lobaahov, 1937) that am 
moma vapour has a slight, but defimte, mutational 
effect m Drosophila The permeation of ammoma 
from outside to vital centres can only be mcom 
pletely achieied and the concentrations used ex 
penmentally are limited by toxic effects on the 
whole organism Radiation, however, will generate 
ammoma m these centres themselves and thereby 
produce a higher concentration than can possibly be 
achieved by diffusion from outside 


APPENDIX* 

Calculation of ionic yields 

In calculating the lomc yield of the deammation 
process we need only take account of radicals 
formed along a smgle electron track We consider one 
type of radical only and suppose that they diffuse 

^o/c added in proof Dc C B Allsopp recently sent 
118 a manuscript bj the Into Dr Lea and himself, drafted 
in 944, arriving at identical conclusions The paper was 
not published because of msufEciont experimental data at 
time, but formed the basis of Fig 4, p 68, m Lea’s 
(Lea, 19-tO) We thank Dr Allsopp for encouraging 
^ to publish our appendix m its present form 
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away from their positions of formation tmtil they 
are removed from the solution by either recombina 
tion wufch another radical or by mteraction with the 
solute We suppose that the radicals are mitiaUy 
distributed m a column along the electron tracks m 
a manner s imil ar to the charged ions so that the 
mitial density of radicals at distance r from the axis 
of the column is given by the followong equation 
(JaffS, 1913, Kara Michadova & Lea, 1940, Lea, 
1947) 

where Ng is the total number of radicals per unit 
length of track, and b a constant giving a measure 
of the mitial radius of the distribution 

The rate of loss of concentration of radicals is 
given by 

— — = — D 4- an* + &Gn, 

at 


where C, D, a. and j3 have the meaning as defined 
-Zp 

above , jS = — , where Z is the collision frequency 


between a radical and a solute molecule, p is the 
probabihty that a reaction occurs at any collision 
between radical and solute, and M is the average 
cham length, so that there is a chance of 1/M that 
the radical is lost per encounter, for a non cham 
reaction AT = 1 If diffusion only takes place, the 
distribution of radicals remains gaussian, and we 
make the assumption, following Jaff6 (1913), that 
the distribution also remams gaussian when loss of 
radicals ocours due to recombmation and capture, 
though this distribution is not an accurate solution 
of the differential equation Writmg, therefore. 


N 

7r(4Df + 6’) 




where N is the total number of radicals per umt 
length of track remaining at tune i, we can substitute 
this value and mtegrate over the column to get 




The total number of molecules of ammoma formed 
per umt length of track wiU be 

Pi j: 'zpCNdt, 

where p^ is the probabihty of liberation of ammoma 
followmg reaction with a radical 

If we take the mitial number of ion pairs per umt 
length of track to be NJR (i e R radicals per ion 
pair) then the lomo yield I is given by 

r® iv 

I=PiR ZpC—dt 
JO ^0 

Wo now hai o to sol\ o as a function of tune 


7 
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We liave so far considered one typo of radical only, 
but if two radicals (H and OH) are present, both of 
wliicli react with the solute, the same equations are 
obtamed, if iv e assume that the total numbers of both 
types decrease at the same rate, though they maj’- 
have different spatial distributions For the con 
stants D and b" we now use the mean values of those 
for each radical and for a the total velocity constant 
for recombmation by all processes 

To solve the equations wo make the following 
changes of variables 

4D 

y=N/No, x = ~t+l, 


1949 


63 


and vTite 


and 


8ttD’ 


Q = — 0 = 

^ 4D M 


1 Zpb^ 


4D 


The differential equation then becomes 

ax X 

■\\ath the initial condition 1 when a: = 1, and 


^00 

I=PyRMQj ydx 

Tlie differential equation is a Riccati equation (see 
Piaggio, 1933) and can be solved by makmg the 


substitution 


giving 


X du 

^~Pii dx* 


dhi 

dx^ 


+ 


/I du 


dx X 


Tlus gives 

where A is a constant, and therefore 

n dx ^ 
u = A e-®* hB, 

J 1 * 

where B is another constant We therefore get 


Make a change of variable 

z = c~^f^- 

writo s = c-®, 

and 

r® dx 
Li(a;) ' 


■ 1 ) 


=J: 


. 0^ai<l (logantlunic integral), 

0 ^og X 

so that Ei(— a:) = Li(e-*), 

and Li(a;) = Ei{ - log I/a;), 

dz 


then I =p^RM 




4 — [Li(s 2) — Li(s)] 


The exponential mtegral is a tabulated function 
and the lost substitutions were designed to get the 
lomc yield m a form so that the final integration can 
he earned out most convenieatly The integration is 
taken between defimte limits 0 and 1, and the mte 
grand IS amonotomc function mcreasmg to 1 at z = 1 
Tile relation between the lomc yield and the con 
centration of solute is seen to contam three para 
meters, P and constants multiplymg I and G re 
spectively, and their values must either be known 
or chosen to give the best fit with the experimental 
results In the absence of any rehable data for the 
constants wluch are combmed to form the para- 
meters, we have to adopt the latter alternative 
Tlie full hne m Fig 1 has been calculated usmg the 
foUowmg values for the parameters 


P=2 0, PiEjTI=6 0. 


1 Zpb^ 


M iD 


= 2 24c ml Ig 


The choice of P is fairly critical, values of 1 or 6 
giving definitely worse results It is of mterest to 
compare this value with that calculated from 

BirD' 

takmg a = 4 X 10“*“om *sec 

and P = 4 6 X 10~®cm “sec "h 


1_P 
y~ X 


„ dx ^ 
6-®» — VB 

J 1 ^ 


A f, 


- = PeO* 


/: 




smee y=l when x=l 
Write 

f" dx 

-Ei(-.) = J^e-®- 


0<x (exponential mtegral) 


Then -=Pe«» [Ei(-Qa;)-Ei(-<3)]-he0<®-i> 

y 

A further mtegration gives the lomc yield 
I=p^BMQj ^ p _Ei( - Q)] + 


the mean of the H and OH diffusion constants (see 
Lea, 1947) We can assume 10® ion pairs per cm of 
electron track and therefore the number of radical 
pairs per cm Ng, is Bx 1<P The value of P is then 
2 1 if we take six effective radicals per ion pair, or 
0 36 if we take one Smee the constants can only 
be estimated approximately the agreement is 
satisfactory, and the shape of the experimental 
curve 18 therefore consistent with the recombmation 
hypothesis 

The high lomc yield can be accounted for equally 
well by assiunmg either about six effective radicals 
(three pairs) per ion pair, or a cham reaction with an 
effective cham length of six, or by a combmation of 
the two This is on the assumption that is 1, 
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smaller values of pj would reqmre larger value of 
Rot M One can only try to estunate the value of 
6, the initial radius of the column of radicals, by 
analogy with the results of ion recombmation m 
gases From these we would infer that we should 
use a value of about 2 x lO"’ cm , the i^lue is low 
because we are using a columnar theory, whereas 
the ions (and probably also the radicals) are formed 
m clusters along an electron track (see Knra- 
Miohailova &, Lea, 1940) TJsmg this value for 6 and 
Z = 4 X lO'i'’ cm ^ sec we have to assume p = 0 003 
for the non cham reaction, or p = 0 019 for the cham 
reaction, both cases therefore givmg a low affinity 
of the radicals for the solute 

SUMMARY 

1 Experiments are described showmg the deaim 
nation by X rays of some amino acids and their 
denvatives, polypeptides and related mtrogenous 


compounds The relationship between the lomc 
yield and radiation dose has been studied m detail 
for glycme The lomc yield rises from 0 3 to 2 9 for 
very ddute to nearly saturated solutions The lomc 
yield for dry glycme was 2 96 

2 An explanation of the liigh lomc yield with 
glycme is attempted m terms of the radical hypo 
thesis assuming either a cham reaction or the 
formation of radicals by excitation m addition to 
charge neutralization The contmuous rise of the 
yield IS mterpreted as bemg caused by recombmation 
of radicals competmg with deammation even at the 
highest concentrations of glycme, due to a low 
afiSmty of glycme to radicals The explanation 
offered, although consistent with the experiments 
described, is not wholly satisfactory m view of the 
radiation effects on thiourea 

3 The biological significance of the results is 
discussed 
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Van Slyko (1913) estimated the amount of am 
SLT ^tti boUmg water from 

‘‘^tempts ha 

the unrt ^ estunate or even to idenl 

die particular ammo acids present m the ml 
wllulnr fiuid of anj tissue Tlie work on muscle 

estimations of nrguuno, lustidme, cystme clutai 

. oireicnor A, Elbinger (1948) hi 


estimated glycme and glutamme m gumea pig 
muscle 

The present mvrestigation concerns the substances 
m calf embryo muscle with molecules small enough 
to pass through a dialysis membrane , these mixtures 
are also compared with similar ones obtamed from 
adult ox muscle and serum Embryo muscle was 
used because extracts of tins matenal are employ ed 
to mamtam the growth of tissue cultures , although 
the stunulatmg effect of embryo extracts may be due 
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only to the large molecules present (Fischer, Astrup, 
Elirensvhrd & Ohlensclilager, 1948) it seemed of 
mterest to try to ascertam whether there is any 
substance of low molecular weight detectable m 
embryo muscle but absent from that of the adult 
The method used, that of partition chromatography 
on paper, wlule not smtable for quantitative estima 
tions (with certam exceptions to be mentioned below), 
18 particularly useful for an extensive survey 

EXPERIMENTAL 

Investigations of mtraceUular flmds are made 
difficult by the fact that mterference with the cell 
must undoubtedly lead to clianges m its contents 
Also the method used for the separation of the smaller 
from the larger molecules may have considerable 
effect on the residts finally obtamed In the present 
work the tissue was mmced and subjected to dial 5 mis 
m the cold as described by Astrup, Ehrensvard, 
Fischer & 0hlenschlfiger (1947) Tlus teclimque was 
chosen because it seemed less hkely to cause chenucal 
cliange than either denaturation of the proteins by 
boihng (Fuller, Neuberger & Webster, 1947) or 
extraction with tricliloroacetic or picric acid 
(Cliristensen c< af 1948) It has the advantage over 
extraction with ethanol (Awapara, 1948) tliat there 
IS no danger of the ammo acids bemg rendered 
insoluble or converted mto esters The chief dis 
advantage of this teclimque is that some enzymic 
breakdown of the large molecules is boimd to take 
place durmg the dialysis This is probably rather 
small m the case of the muscle proteins as it has been 
shown by Greenstem & Leuthardt (1946) that this 
tissue 18 low m proteolytic enzymes However, as it 
would clearly be undesirable to carry on dialysis for 
too long a period, complete separation of the small 
molecules is impracticable 

Wlien the solution obtamed m this way was sub 
jectedto two dimensional chromatography two spots 
which could not at first be reoogmzed were obtamed 
m that part of the chromatogram characteristic of 
acidic compounds Therefore the ongmal solution 
was firactionated on a column of Amberhte IR4, 
both the substances responsible for the unknown 
spots were found to be retamed and were thus 
separated from the neutral and basic ammo acids 
Further mvestigation showed that the stronger of 
the two spots was due to ammoethylphosphate, 
a substance which had not previously been recog 
mzed as occurrmg m embryo muscle (Outhouse, 
1937) The properties of the substance responsible 
for the other spot corresponded with those to be 
expected for a phosphoric ester of hydroxylysme 
Wlule the structure of this ammo acid has not yet 
been fully clarified (Van Slyke, Hiller, MacFadyen, 
Hastmgs Klemjjerer, 1940) it is of mterest that 
ammoethanol could be obtamed from either of the 


suggested structures by fission at the linkage 
between they and 5 carbon atoms For convemence 
the hydroxylysme contammg compound of the 
muscle extract will subsequently be referred to as 
hydroxylysmephosphate As hy^oxylysme has not 
previously bean reported m combmed form this 
substance has been further mvestigated A pre 
hmmary report of its occurrence has already 
appeared (Gordon, 1948) 

An attempt at a quantitative estimation of 
ammoethylphosphate and hydroxylysmephosphate 
has also been made by takmg advantage of the ease 
with which these substances can be separated from 
other phosphorus contammg compounds rmd from 
one another on one dimensional paper cliromato 
grams These analyses were performed on the 
fractions obtamed from the Amberhte chromato 
gram, thus obviatmg the need to subtract the m 
orgamc phosphorus which remamed absorbed on the 
Amberhte until the final treatment with acid Three 
fractions contammg ammoethylphosphate and 
hydroxylysmephosphate were estimated separately 
so as to get information on the order of elution of 
these substances from the Amberhte Each paper 
strip was cut up and eluted by the teclmique of 
Consden, Gordon & Martm (1947), gmde chromato 
grams bemg used for the location of the spots It 
would be simpler to treat the whole chromatogram 
with ninhydrm, but m the present work gmdes were 
used as a convement means of keepmg down the 
amounts of extraneous phosphorus m the eluates 

Preparation of material As much as possible of the skeletal 
musde was removed from a calf embryo weighing approxi 
mately 4 kg After mmomg, this weighed 622 g An equal 
volume of water was added and the mixture was placed 
inside a cellophan tube and was allowed to dialyse with 
rocking at 6° agamst 2 41 of water for 20 hr The solution 
outside the membrane was then removed (solution I), 
replaced by a further 2 4 1 of water, and the dialysis repeated 
(solution 2) After solutions 1 and 2 had been concentrated 
tn vacuo below 40°, estimationB of N by micro Kjeldahl, and 
of total and morgamc P by the method of Kuttner & Lichten 
stem (1932) were made The results are shown m Table 1 
Solutions 1 and 2 were then combmed and will be referred to 
as the embryo muscle dialysate 


Table 1 Nitrogen and phosphorus obtained 
by dialysis of embryo mince 


Solution 1 
Solution 2 
Total 


Nitrogen 
(mg N) 
393 
214 

607 


Phosphorus (mg P) 

A 

r \ 

Inorgamc Orgamc 

100 88 0 

72 6 34 3 

172 5 122 3 


Tico-dimensional chromatography of embryo muscle dialy 
sate Most of the morgamo salts present were removed from 
part of the above solution by the electrodialjdio method of 
Consdenetal (1947) Anamountofthesolution thus obtamed 
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contammg 0 62 mg N was sobjeoted to two dimensional 
chiomatograpliy nsmg phenol for 17 hr followed by 
« colhdme for 42 hr The experimental conditions were the 
same as those descnbed by Consden, Glordon & Martm (1944), 
except that 0 003% (w/v) of 8 hydroxyqmnohne was added 
to the phenol, and coal gas was omitted, Whatman no 4 
filter paper was always used A solution of 0 3 % (w/v) NH, 
m the aqueous phase was employed at the bottom of the 
chamber for all the chromatography m phenol described in 
the present paper, except where an atmosphere oontaming 
acetic acid was used. Previous trials, m which the order of 
the solvents was reversed, gave ;much inferior results, con 
finnmg the observations of Dent (1947) with mixtures of 
this kmd The resulting chromatogram is shown m Fig 1 
As a check on the identification of certam spots some of 
the muscle dialysate was made 6 n with HCl and refluxed for 
21 hr After removal of the HCl in vacuo a snndar two 
dimensional chromatogram was prepared 



Fig 1 Two dimensional chromatogram of calf embryo muscle 
dial} sate Developed for 17 hr m phenol followed by 
42 hr m « colhdme For explanation of the spots see 
Table 2 


Pnparalion and (Jiromatography of adult ox musde dialy 
safe A specimen of muscle from a fully grown animal wai 
mmc^ and extracted as descnbed above for the embiyt 
muscle After removal of salt, a similar two dimensiona 
curomatogrom was prepared from an amount of solutioi 
containing 0 94 mg N this rather large amount of matena 
^ used m order to show up any traces of hydroxylysme 
phosphate which might have been present 
A spot which appeared m the position expected for gluta 
“'1 °ther spots on Lne 
conven.™? nsmg phenol and hence it conic 

wwementh be investigated by the elution technique o 

SeW m chromatin 

remveiu^tPd ^yd^lvsed, brommated anc 

u.rn; phf^of °--<l‘”<=-'onal chromatogran 


Preparation and chromatography of aduU ox strum dialy 
sate The blood of an adult animal was defibrmated by 
stirring and the erythrocytes were removed by centnfoga 
tion The serum thus obtamed was dialysed as descnbed 
above After removal of salt from the matenal which had 
passed through the membrane, a similar two dimensional 
chromatogram was prepared nsmg 0 53 mg N The spots 
observed on the vanous two dim ensional chromatograms 
are recorded m Table 2 

Table 2 Strengths of spots observed on two -dimensional 
chromatograms of calf embryo muscle dudysaie 
(0 62 mg N), adult ox muscle dialysate (0 94mg N) 
and adult ox serum dialysate (0 63 mg N) 

(As the vanous ammo acids give different amounts ol 
colour with nmhydrm, uncorrected compansons are only 
vahd for the same ammo acid For the minimum amounts 
of each ammo acid visible by means of nmhydrm on paper 
see Pratt A Auclau (1948) The numbers m brackets after 
each ammo acid spot observed on the embryo muscle 
chromatogram refer to the spot numbers m Fig 1 ) 


Strength 

Embryo 

Adult 

Adult 

of spot 

muscle 

muscle 

serum 

Very 

Alarune (9) 

Alanme 

Alanme 

strong 

Glutamic aoid (4) 
Glycme (6) 

Glutamic acid 
Tnurme 

Glycme 
Leueme +iso 
leueme 

Strong 

Ammoethylphos 
phate (6) 
Glntamme (8) 
Taunne (11) 

Camosme 
Glutamme 
Glutathione 
Glycme 
Leueme +180 
leueme 

Glutarmcacid 

Lysme 

Valme 

Medium 

p Alanme (12) 
Aspartic acid (3) 
Carnoame (19) 
Leucme+iso 
leueme (22) 

Aspartic acid 
Lysme 

Senne 

Valme 

Aspartic acid 
Argimne 
Glutamme 
Prolme 

Senne 

Weak 

Arginme (18) 
Lysme (17) 
Phenylalamne 
(23) 

Hydroxylysme 
phosphate (1) 
Prolme (20) 

Senne (7) 

Tyrosme (24) 
Vahne (21) 

p Alanme 
Argimne 
Methiomne 
snlphoxide 
Ammoethyl 
phosphate 
Prolme 
Tyrosme 

y Ammo 
butynoacid 
Methionme 
sulphoxide 
Phenylalo- 
mne 

Taurme 

Threonme 

Tryptophan 

Tjrosme 

Very 

weak 

a Ammobutyno 
acid (14) 
y Ammobutyno 
acid (16) 
Glutathione (2) 
Hydroxyprol me 
(13) 

Methiomne 
snlphoxide (10) 
Threonme (10) 

Phenylalamne 

a Ammobuty 
no acid 
Histidme 


Chromatography of embryo muscle dialysate on Ambcriite 
ISi The method emploved was the same as that of Consden, 
Gordon A Martm (1948) except for certam simplifications 
Thus the Amberhte was used m the form obtamed from the 
manufacturers without preliminary grmdmg and sicvmg 
After alternate treatments with dilute HCl and XH, the 

7-3 
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excess acid -was removed from the chromatogram by elution 
■with distUled -water Usmg a column 32 x 3 7 cm this 
required about 6 days, the column being ready for use -when 
the eluate became 0 0013 n (ascertained by titration) 

Embryo muscle dialysate (60 ml ) containmg 404 mg N 
■was appbed to the chromatogram at a rate of not more than 
160 ml /hr After it hod run in, it was followed by water at 
the same rate Fractions were collected as shown in Table 3, 
the last fraction bemg eluted -with 11 of N HCl Each 
fraction was concentrated tn vacuo and estimations made t>f 
N and of morgamo and total P One dimensional chromato 
grams using phenol were also developed from samples of each 
traction, salt having been removed electrodialytically from 
fraction 1 The results shown m Table 3 mdieate that 
nnunoethylphosphato and hydroxyl 3 'smephosphato, under 
these conditions, are somewhat absorbed on Amhorhto, 
although not so much as are aspartic and glutamic acids In 
a prehmmary expenment it -was found that a simdar 
chromatogram -will separate hjqioxanthme from most of the 
neutral ammo acids The large white precipitate obtamed on 
concentrating fraction 2 of the present expenment prohahly 
consisted mainly of this substance 

Further tnvcsltgatton of fractions fr 0771 
the Amherhte chroiiiaiograni 

PhoaphoniseslmatioTisonelualesfroTnpaperchroTTiatograTTiS 
20 pi of each of fractions 2, 3 and 4 containing respectively 
48 6, 28 4 and 20 8 pg P were developed on one dimensional 
paper chromatograms usmg phenol for 17 hr After drying, 
the chromatograms were out up and eluted as desenbed by 
Consden et al (1947) except that about 1 ml of water was 
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allowed to run through each cut directly mto a tube smtable 
for mcmeration The P estimations were done as desenbed 
by Kuttner &, Lichtenstein (1932), except that half quantities 
of each reagent were used The results are shown m Table 4 
In order to mdicate the hmitations of the method the small 
amounts of P which onginate from the paper have not been 
subtracted from the figures m columns 3, 6 and 9 of Table 4 
Control experiments showed that an average of 0 05 pg P 
could be eluted from a 1 xlOcm piece of Whatman no 4filter 
paper, down which nothing but the solvent has passed. If 
this correction is made, recovenes of 85, 101 and 93 % are 
obtained by summmg the P eluted from the whole of each 
chromatogram In a control expenment on a sample of 
ammoethylphosphato (kmdly snpphed by Dr C E Dent) 
apphed to a similar chromatogram, a recovery of 97 % -was 
obtamed, usmg the same corrections 

Qualitative investigations of aminoethylphosphate 
and hydroxylysinephosphate 

The matenals used were eluted from one-dimensional 
chromatograms s imila r to those used for the quantitative 
mvestigation desenbed above In order to obtam a larger 
amount, 0 3 ml of fraetion 3 was apphed to a sheet of paper 
48 cm -wide Only the cuts which were expected -to contam 
ammoethylphosphate or hydroxylysmephosphate were 
eluted. The solution of the latter obtamed m this way was 
farther purified by a s imil ar chromatographic procedure m 
which n^butanol containmg 20 % of acetic acid was used 
instead of phenol In a second expenment s colhdme was 
substituted for n butanol 20 % acetic acid, ■without notice 
ably affecting the product 


Table 3 Fractions obtained from embryo muscle dialysate by chromatography on AmbcrlUe IRi 


Volume of eluate (mb) 

f 

1 

Water 

600 

N HCl 

— 

N as % of total N 

73 8 

Inorgamo P as % of total morgamo P 

— 

Orgamo P as % of total orgamc P 

70 

Substances identified by chromatography on paper 

Hydroxylysmephosphate 

— 

Aspartic acid 

— 

Glutamic acid 

V -weak 


Ammoethylphosphate 

Neutral and basic ammo acids V strong 


Fraction 


2 

3 

4 

6 

Total 

240 

1640 

360 

— 

2740 

— 

— 

— 

1000 

1000 

69 

28 

10 

87 

93 2 

— 

— 

— 

914 

914 

14 

11 4 

1 4 

72 7 

93 9 

V weak 

Medium 

Weak 

_ 



— 

— 

— 

Weak 

— 

V weak 

Strong 

V strong 

V strong 

— 

Y weak 

Medium 

Weak 

— 

— 

V weak 

V weak 

— 

— 

— 


Table 4 Amounts of phosphorus dvtedfrom cuts from paper chromatograms 

Fraction 2 Fraction 3 Fraction 4 

A _ Aw.. 


Cut no 

1 

2 

3 

4 
6 
6 

7 

8 

Total 


( 

Breadth 

P 

P as % of 
total 

Breadth 

(cm ) 

(f'g) 

orgamc P 

(cm ) 

41 

1 8 

01 

37 

3 6 

1 8 

0 1 

28 

44 

13 1 

04 

49 

45 

08 

00 

31 

88 

12 9 

04 

68 

8 0 

00 

00 

80 

9 0 

04 

00 

83 

90 

13 4 

04 

83 

61 4 

442 

1 4 

449 


P 

P as % of 
■total 

Breadth 

P 

P as % of 
total 

(hg) 

orgamo P 

(cm ) 

(hg) 

orgamo P 

19 

07 

3 8 

1 8 

0 1 

1 0 

03 

26 

07 

0-0 

60 

23 

46 

44 

03 

06 

0 1 

29 

03 

00 

13 0 

5 I 

76 

10 7 

07 

04 

00 

82 

06 

00 

06 

0 1 

80 

03 

00 

76 

28 

80 

28 

02 

30 9 

11 4 

466 

21 6 

1 3 
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Enzymxc hydrdysci The onzjmo used ^nxa the phosphatnso 
of dog faeces, purified according to Armstrong (1035), stages 
A and B, and subsequently dialj-scd It ivas allowed to aet 
for 3 hr at 40° on each of tho alxivc oluatcs (approximately 
10 fig of enzyme/fig P) The pH of each solution was 
adjusted to 8 SwithNH, After drying tni'ociio tho products 
were mvestigatcd on one dimensional chromatograms usmg 
phenol, phenol +0 003 % 8 hydroxyqumohno m an acidio 
atmosphere (6% acetic acid at the bottom of the chamber) 
and 8 colhdmo as solvents The values of tho spots duo to 
the ongmal substances and those duo to their hjdroljsia 
products are shown m Table 5 


Table 6 Rj> values of certain phosphorus 
containing substances of calf embryo muscle 


Solvent 

Phenol 

Phenol s 

CoUidino 

Addition 

0-003% 

0 003% 



S hydroxy 

8 hj droxy 



quinoline + 

qmnohno + 



0 3%NH, 

6% acetic acid 


Hydroivlysme 

012 

017 

00 

phosphate 

Hydroxvlvsine 

0 66 

0 22 

0 14 

Aminoethyl 

0 31 

0 39 

0 05 

phosphate 

Ammoethanol 

Front 

0 07 

0 22 


The nature of the ammo acid set free from hydroxylysmo 
phosphate was further checked by admixture with a 
speounen of hydroxylysme kmdly mode avaUablo by 
Dr J G Heathcote No separation could bo obtamed using 
any of the above solvents Tho identity of the ammo 
ethylphosphate was similarly checked both before and after 
hydrolysis with the enxyme, against a specimen kindly 
snpphedbyDrC E Dent Agomno separation was obtamed 
As can be seen from Table 6 the difference between tho 
values of hydroxylysmo and hydroxylysmophosphato m 
phenol 6 % acetic acid is too small for complete separation 
to be easdy possible The results of such chromatography of 
samples of hydroxylysmephosphato after treatment with 
the phosphatase were often difficult to mterpret smeo more 
than one spot could usually be observed which hod moved 
more slowly than hydroxylysmo and was mcomplotoly 
separated from it However, when a sample of hydroiyly 
smephosphate, treated with the phosphatase under the con 
ditiona described above, was developed on a two dunensional 
chromatogram usmg phenol 5% acetic acid for 17 hr 
followed by phenol 0-03% NH,for 17 hr , only one spot was 
observed This had the expeotediJf values for hydroxylysmo 
Actd hydrolysis Small amounts of the ammoethylphos 
^y'^^lyroiepfroaphate were hydrolysed at 
IW for24hr in0N HClaadescnbedbyConsdenetol (1947) 
After removal of HCl, chromatography of the hydrolysate of 
ammoethylphosphate showed only spots corresponding 
to uncl^^ material and ammoethanoL Ttom h^^ 
lysmephosphate were formed only spots correspond^ 
to Mcha^ed material and hydroxylysme and m phe^ 
acetic acid a famt spot {R, 0 07) of unknown origin.^ 


RESULTS AND DISCUSSION 

^ characterization of the substa 
referr^ to m the present paper as hydroxylyn 
phosphate must await its isolation, ^rh^a^ 


a tissue in which it occurs m higher concentration, 
its presence in embryo and its absence from adult 
muscle remains tho most mterostmg finding of the 
present work How little hydroxylysmephosphato 
can bo present in the adult muscle is mchcatod by 
tho failure to obtam a spot due to tins substance 
oven though considerably more than the usual 
amoimt of tho dialysato wtxs used for this cliromato 
gram It is also of interest that while a spot due to 
aminoethj Iphosphate ^vas formed from both the 
muscle extracts, that from tho embryo was much the 
strongest Neither of these substances was detectable 
m tho serum of an adult ommnl Rather strong spots 
duo to ammoetliylphosphato, but none due to 
hj droxj lysmephosphate, were observed on chro 
matograms of similar dialj'sates made from Rous 
sarcoma (Mill Hill) and from Ehrhch mouse sarcoma 
(The dialj’sis and cliromatography of these two 
sarcomas was done by Ing R Stjemholm to whom 
thanks are due ) 

Tlie glutathione spot formed from the embryo 
muscle was very w^ak m contrast to that formed 
from the adult muscle IMien the latter was separated 
and liydrolvsed as described above, the hydrolysate 
on further chromatography yielded only spots due 
to glutamic acid, glycme and cysteic acid (from 
cj^tme) Thus the occurrence of sermephosphate, 
which has almost identical values with gluta 
thione m both solvents, was excluded Not sur 
pnsmgly, camosme was absent from serum, but 
present m considerable amounts m both the tissue 
dialysates Strong spots due to taurine were formed 
from both the tissue dialysates, while a weak spot 
appeared on the serum chromatogram A spot due 
to this substance has been observed by Dent (1948) 
on cliromatograms of human plasma 

Turning now to the a ammo acids, it is noticeable 
that the concentration of leueme and/or rBoleucme, 
vahne and lysme m the embryo muscle dialysate is 
relatively low compared with the concentration of 
these ammo acids m serum An mtermediate amount 
seemed to be present m the adult muscle dialysate 
On the other bond, glutamic acid and glutamme are 
rather stronger m the tissue dial5isates tlian m the 
serum 

Very weak spots were detected on the chromato 
grams of embryo muscle extract and adult serum m 
the positions to be expected for a and y amino 
butyric acids Also a weak spot, probably due to 
methionme sulphoxade, was observed on aU three 
two-dimensional chromatograms Dent (1948) has 
observed similar spots on chromatograms of various 
natural mixtures, and has checked then identity by 
the addition of known samples of each substance 
However, until these substances liave been isolated 
and fully characterized their recogmtion must 
remam somewhat tentative In the present work 
such checks were not made Confirmation was 
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obtained of the stabibty of the various substances 
towards acid by cliromatograpluc examination of 
a sample of the embryo dialysate winch had been 
refluxed for 1 7 hr with 6 n HCl Only the spots due 
to glutatluone, glutamme and camosme had dis 
appeared 

Needham (1931) has summarized many mvestiga- 
tions of the concentration of ammo N m the blood 
of human and rabbit embryos The amounts present 
were always rather greater than m the corresponchng 
maternal blood Although this work does not seem 
to have been extended to the tissue flmds of the 
embryo it is likely that these also must contam 
higher concentrations of ammo acids than do the 
maternal tissues Even if such differences are shown 
to be the case it seems likely that they will be much 
smaller than the corresponchng differences of con 
centration of hydroxylysmephosphate and ammo 
ethylphosphate noticed m the present mvestiga 
tion between embryo and adult ox muscle The only 
quantitative estimations of these substances so far 
attempted have been carried out on the fractions 
obtamed from the embryo muscle extract after 
chromatography on Amberhte HR 4 If the amounts 
of P behaved to be due to hydroxylysmephosphate 
m the various fractions are summed, it appears that 
this compound represents 3 % of the orgamc or 1 % 
of the total P of the embryo muscle dialysate 
S imil arly, ammoethylphosphate represents 0 % 
of the orgamc or 2 % of the total P If unknown 
P containing substances have moved at similar rates 
on the chromatograms used, these figures wiU of 
course be too lugh That any correction would be 
small, however, is suggested by an experiment m 
which hydroxylysmephosphate, after elution from 
a phenol chromatogram, was recliromatographed 
usmg n butanol 20% acetic acid, on elution of 
appropriate sections of the second chromatogram 
no separation of P from the hydroxylysmephosphate 
was found 

In order to calculate the total quantities of these 
substances present m the muscle of the ongmal 
embryo, account must be taken of the fact that the 
dialysis was not taken to completion An mdication 
of the proportion of the low molecular weight sub 
stances actually obtamed can be gamed from Table 1 
which gives the amounts of N and P passmg tlirough 
the membrane after the successive periods of dialysis 
Thus, if it is assumed that the same proportion of the 
N would have passed tlirough the membrane if the 
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solution had been subjected to further successive 
dialyses, it appears that some 70 % of the non- 
protem N was removed from the mmce On a smular 
assumption 67 % of the available P vms obtamed 
Tlie considerably lugher proportion of morgamc 
P obtamed durmg the second period of dialysis is an 
mdication of the rapid breakdown of orgamc phos 
phates winch was takmg place 

One of the objects of the present work was to test 
the effect on tissue cultures of any substance found 
to occur only m embryo muscle This has not jet 
been attempted with the fractions contammg hydr 
oxylysmephosphate, but as ammoethylphosphate 
seemed to be so much more concentrated m the 
embryo muscle dialysate than m the adult, it was 
subjected to test The system used was the usual one 
of Fischer & Astrup (1942) employmg cluck heart 
fibroblasts grown m a Carrel flask Usmg the 
sjmthetic ammoethjdphosphate + cj^stme, glycme 
and glutamme, excellent growth was obtamed 
Further experiments would be necessary to decide 
whether ammoethylphosphate is more than sunply 
a good source of P for tissue cultures 


SUMMARY 

1 The ammo acids and peptides of the mtra- 
cellular fliuds of calf embryo muscle have been 
exammed by two-dimensional chromatography on 
paper and compared with similar mixtures from 
muscle and serum of the adult animal 

2 After removal of basic and neutral substances 
by chromatography on Amberhte IR4 the acidic 
components were fractionated by one dimensional 
paper cliromatography Sections correspondmg to 
the spots observed on treatment with nmhydrm 
were eluted and the eluates were analj'sed for 
phosphorus and further exammed 

3 Hydrolysis and repeated chromatography of 
these eluates mdicated that ammoethylphosphate 
and hydroxylysme m a form combmed wath phos 
phorus are present The former substance was found 
to represent 2 % and the latter 1 % of the dialjaable 
phosphorus of the mmced muscle 

I wish to thank Dr Albert Fischer for suggesting this 
problem and also for hospitahty m his laboratory This work 
ivas supported by the Dormer Foundation to whom thanks 
are due 
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Ozaki (1927) found that rats fed on diets contammg 
20 % oleio acid gamed -weight, -whereas rats on diets 
containing similar amounts of palmitic or stearic 
acids lost -weight These weight changes indicate 
differences m the metabohsm of oleic acid ns com- 
pared -with that of the saturated fatty acids 
Channon A W ilkins on (1036) have shown that on 
low-protein, high fat diets, hpid accumulation m 
the hver of the rat vanes directly -with the pro 
portion of saturated fatty acids m the dietary fat, 
their fatty hver produemg diets were deficient in 
chohne and accumulation of fat was prevented by 
cholma. It -was suggested that chohne was mvolved 
m the desaturation of fatty acids Tlie differences m 
accumulation of fat may have been due to different 
phosphohpm turnover rates determmed by the 
varying supply of saturated fatty Ewids 

In the experiments reported m this paper low- 
protein diets contammg pure pahmtic and oleic acids 
-were fed to rats m such a way as to ehmmate effects 
due to different food mtakes or absorption coefficients 
of the fatty acids An attempt was made to correlate 
the different hpid accumulations -with differences in 
hver phosphohpm turnover rates 


METHODS 

Male albino rata of the Wistar stram were used All animals 
were bred by sister brother matmgs from a single pair The 
starting -weight chosen was 160 g as younger animals showed 
excessive weight loss, and some died on the palmitic acid 
diet desenbed m Table 1 The comphcation of an additional 
requirement for hpotropio factors for growth was also more 
likely to be avoided at this -weight 
In a preliminary expenment -to determme the percentage 
''r palmitic acids when fed at a level 

•“ /o, it was found that 70% of the ingested palmitic 


acid, and 90% of the oleic acid wore absorbed. The pro 
portions of fatty acid and ccUnlose powder in the two diets 
were therefore adjusted so that for both groups of animals 
tho amounts of fat absorbed and the values of the diets as 
sources of energy were tho same 


Table 1 Composition of fatty acid diets 

Oleio acid Palmitic acid 

diet diet 


Casern (Labco) (%)• 
Fotty acid (%) 
Glycerol (%) 

Sucrose (%) 

Yeast (%) 

Salts (%)t 

Cellulose powder (%)X 


8 

21 

3 

60 

5 

6 
8 


8 

27 

3 

50 

5 

6 
2 


♦ VTicn chohne supplements were given the casern was 
sprayed -with a solution of choline chlonde to give 30 mg 
chohne/lOg diet 

t NaCl 22 g , CaHPO^ H,0, 130 g potassium citrate, 
126 g , MgSO^ 7H,0 30 g . feme citrate, 6 g , 0 7 g ot 
traci mixture (KI, 12 g NaF, 10 g 2 g 

Ig ,KAl(SOJ„ Ig ZnSO. 7H,0, Ig de^meiro, 193U 
t Grade A 100 mesh ‘solka floo , a highly pnnfied 
cellulose powder obtainable from Johnsen, Jorgensen and 
-Wnt.t.rfi T.td . London 


Animals were starved for 24 hr and then placed on the 
diets for 12 days The palmitic acid diet was not eaten so 
readdy as the oleio acid diet and therefore approximate pair 
feedmg between htter mates was adopted Controls were 
fedadltb on a stock diet consisting of stammed milk powder, 

20%, ground yellow maize, 18%, rolled oats 16% barley 

meal, 16%, biscuit meal, 16%, wheat germ, 6%, palm 
kernel oil, 6 % , dried yeast, 6 % and bran, 2 % Each animal 
received 10 pc of “P as Na,H«PCi m distiUed water by 
mtrapentoneal mjeotion, and was killed by decapitation 
4 hr later In order to reduce the effect of recently ingested 
fat on the specific activities of liver phosphohpins, food and 
-water were removed from the animals 4 hr before the mj ection 
of ”P (Specific activity (SA)=% mjeoted »»P/mg phos 
phorns ) 
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Livers ivero homogenized ivith anhydrous NojSO^ and 
extracted twice with ethanol and three tunes with 2 1 
ethanol ether m a small blender and re extracted with 
bght petroleum Phosphohpms wore precipitated with MgClj 
and acetone Amounts of phosphohpms were estimated by 
multiphcation of the amounts of phosphorus by 22 7 (Artom 
& Fishman, 1943a) Inorgamc phosphate was extracted 
from the hvers by the method of Kaplan & Greenberg 
(1944a, 6) Chohno containing phosphohpms were separated 
by the method of Taurog, Entenman, Fries Chaikofif (1944) 
and phosphorus was estimated by reduction of phospho 
molybdate with sulphite qumoL The percentage chohne 
containing phosphohpin was obtamed from the ratio of 
eluted to total phosphorus Iodine numbers were estimated 
by Yasuda’s (1931) method and cholesterol and cholesterol 
esters by the method of Popjdk (1943) 

Radioactivities were determmed mth a Q T 11 tjqic G M 
tube arranged as an immersion counter, with Nehor Harper 
extmction and feeding mto a Tjqie 200 scalmg umt 
All analyses were earned out m dupheate 


RESULTS 

JVetght loss and lipid accumulation 

Animals pair fed on the oleic and pahmtic acid diets 
lost weight m both groups The animals fed on oleic 
acid lost weight m mverse proportion to the amount 
of food consumed (r=— 0 791, id=16, p = 0 0001, 



30 40 so 60 70 80 90 100 


Food consumption (g ) 

Fig 1 Relation between total food consumption and loss of 
body weight for rats fed diets containing oleic and palmitic 
acii The hues of regression have significantly different 
regression coefficients, z (palmitic) = — 0 012, z (oleio) 
= — 1 074, n'=36, p=0 006, # =pahmtio acid fed 

animals, x = oleic acid fed animals 

aU statistical symbols are those used by Fisher, 
1944), whereas the weight loss m the animals fed 
palmitic acid was not related to food consumption 
(r= -0 012, ni = 20) AU animals fed palmitic acid 
had similar weight losses, irrespective of the amount 
of hver hpid accumiilation Litter mates, fed the 
diets with and without chohne supplementation, lost 
the same weight 


The animals fed palmitic acid drank on an average 
26 % less water than those fed oleic acid, but excreted 
less urme The difference between water mtake and 
urinary excretion was the same m both groups, and 
therefore could not have contributed to the weight 
loss 

Analyses of water and fat contents of eviscerated 
carcasses and skins were done on six animals from 
each dietary group It can be seen from Fig 2 that 
the pahmtic acid-fed animals lost approximately 
10 g of fat over the 12 day feedmg period, mde 
pendently of the food eaten, whereas the oleic acid 
fed animals lost from 0 to 10 g of fat, depending on 
the food consumption The ratio of non-fat sohds to 
water was the same for aU groups 



Food consumption (g ) 


Fig 2 Relation between total food consumption and the fat 
contentof eviscerated carcasses of ratsfed diets containing 
oleio and palmitic acids The hnes of regression have 
significantly different regression coefifioients, z (palmitic) 
= — 0 296, z (oleio) = -f- 1 83, n* = 12,p=0 01,#=palmitio 
acid fed animals, x = oleio aoid fed animals 

Table 2 shows that m the earher experiments, 
a large and remarkably constant accumulation of 
fat m the hver was obtamed with palmitic acid 
feedmg In the oleic eicid fed animals a smaUer and 
more variable amount of fat accumulated A sudden 
change occurred m the fifth generation of rats , there 
was no accumulation of fat m the hvers of litter 
mates of the fifth generation fed diets contammg 
oleio or pahmtio acid with or wnthout chohne supple 
ments A smgle htter among the earher rats had 
already shown signs of this tendency 

A chohne supplement was only fed to animals of 
the fifth generation There is, therefore, no evidence 
to show that chohne would have cleared the hpid 
accumulations of the animals m the earher experi- 
ments However, feedmg palmitic acid and chohne 
did reduce the percentage of fat m the hver to a level 
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lower than that of control ommnls on tho stock diot 
(<=4 26,?i'= 19,j) = 0 001) This effoctwnsnot found 
in the animals fed oleic acid and choline 

Tliere M-as no correlation betw eeii the percentage 
of fat in the h\ er and vreight loss or food consumption 
m any group 

A%erage \ slues of iodine numbers of li\er tn 
glyceride after 12 days feeding were 76 for palmitic 
acid fed animals (irrespective of the extent of lipid 
accumulation), 110 for oleic acid fed anunals and 
130 for control aiumals 

Fat accumulation ivas accompamed by propor- 
tional mcreases m ester cholesterol, irrespective of 
the nature of the dietary fat A constant relationship 
between ester cholesterol and the deposition of li\ er 
tnglycende has been found by Best, Lucas, Patter 
son &, Ridout (1940) 


Table 2 I/iiicr tanal^ona in fatal liter hpida 
(Values expressed as % fresh weight ) 




Palmitic 


Oleic 


No of 

acid fed 

No of 

neid fed 


animals 

ammala 

arumals 

ammals 

Litters of third 
and fourth 

8 

20 70 

s E =0 690 

10 

8 72 

s E =0 910 

generation 

Isolated htter of 
fourth 

3 

1170 
s E =1 23 

2 

6 95 

6 E =0 360 

generation 

Litters of fifth 
generation 

9 

0 84 

s E =0-530 

2 

0 20 

s E =0 360 

S E 

=atandard error of 

mean 



Estimation of rate of turnover of 
phosphohptn phosphorus 

The ratio, specific activity of phosphohpm phoi 
phonis/specifio activity of morgamc phosphate i 
4 hr which is a function of the percentage rate ( 
turnover of the phosphohpm molecules, is referre 
to subsequently as ‘relative specific activitj 
( evesy, 1938) The total amount of any metabohl 
timed over m a given tune depends on the numbi 
of molecules present and their percentage tumovi 
rate As a measure of this total turnover rate, tl 
product of the amount of metabohte and its relatix 
specific activity may be employed and is referred i 
m this paper as ‘total relative activity’ 

A prehmmary experiment -was done to assess tl 
nw ^reentage molecular turnover rate of tot 
and cholme containing phosphohpm phosphorus i 
j of the xveight and stram used m this experunen 
In a^mptmg to estunate the true rate of renew 
p osp ohpm phosphorus, other workers hai 
mp oy a method of constant intravenous pe 
^lon with a solution of radioactive phosphate, wal 
he mtention of keepmg the specific activity of tl 
morgamc phosphate constant throughout the e: 
pemnent Estunates of the turnover rate of pho 


phohpm phosphorus have been based on the 
relationship botw^een the specific activity tune 
cunes of ’-P m pho^hohpins and that of ^°P m 
morgamc phosphate Tlus method is mconvement 
m practice and therefore a method using a smgle 
injection of ^=P wus densed Wlule the present work 
was m progress a similar procedure was described 
bj’' Bolhnon, Flock <L Borkson (1948) Male rats 
(160 g ) wore mamtamed for 8 days on a diet of 60 % 
sucrose, 22 % casern, 12 % lard, 6 % yeast, 6 % salt 
mixture, 6 % cellulose powder and adequate supple 
ments of concentrated vitamms A and D Vitamm 
E x\as not given These animals received mjections 
of Na^’-POi and were killed at 0 6, 1, 2, 4, 6 and 
8 hr mterx'als after mjection Food and water were 
removed from all animals 4 In prior to the mjection 
of the first animal From the measiued tune curve 
of specific activity of liver morgamc phosphate, 
theoretical curves for specific activities of phospho 
lipm phosphorus were obtamed for different selected 
percentage molecular turnover rates by the following 
procedure Tlie mean v'alue of specific activity of 
morgamc phosphate over the first half hour period, 
[SA PO^]?'’”, was measured from the phosphate 
activity curve The assumption was made that 
fresliiy synthesized phosphohpm molecules con 
tauung ’’P are as available for degradation as the 
ongmal non active phosphohpm (Chaikoff, 1942) 
If the immediate precursor of phosphohpm is taken 
to be m rapid equihbnum with either the morgamc 
phosphate or the phosphohpm, an estunate of the 
specific activity of the latter at the end of the first 
half hour [iSA can be obtamed from the 

following equation 

-PL] 0*5 la- 

{[100-APL]x0}-(-{APLx [^?A POJ”*’"} 
" 100 

where AP.b = the percentage of phosphohpm phos 
phoros atoms renewed m 0 6 lu Then the specific 
activity at the end of the nth 0 6 hr 

[5A PL]„ 

{[100- APL] X [SA P-b]„_J 

^ +{APLx[5AP0,];_J 

100 

A theoretical curve of hver phosphohpm specific 
activity for a selected percentage molecular turn 
over of 26 % m 4 hr was found to be the best fit to 
the practical curve, and is shown together xvith the 
latter m Fig 3 The measured specific activity tune 
curves for total and chohne containing pho^ho 
hpms were m close agreement 

If phosphate enters and leaves the molecules at 
the same rate as the fatty acid components, then 
a renewal of 26 % of the phosphate m 4 hr means 
that 100 mg of phosphohpm is concerned m the 
metabolism of 97 6 mg of fatty acid or 108 mg of 
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tnglycende/day Allowing for the normal variation 
m percentage molecular turnover rates, differences 
of 30 % m fatty acid metabolism by the phospho- 
hpms, 1 e about 30 mg /day, should bo detectable 



Fig 3 Specific activity tune curve for fiver morgamo phos 
phate and total phosphofipin phoaphoma, — © — =m 
organic phosphate, — A — = total phosphofipin phos 
phorna , — x — = theoretical curve for a turnover of 26 % 
of phosphofipin phosphorus in 4 hr The curve for choline 
containing phosphofipin phosphorus is not shown as it 
closely approximated to the curve for total phosphofipin 

The effects of diet on phosphohpin turnover rates 

A significant correlation between the specific 
activity of hver inorgamc phosphate and the 
amount of hpid/umt of dry defatted hver weight has 
been found (r = 0 309, n^ = 42, p = 0 06) Table 3 
shows that this relationship was mdependent of the 
type or amount of fat mgested Specific activities 
of the hver morgamc phosphate were not correlated 
with the final body weight, and therefore the 
differences in specific activity are unlikely to be 
related to changes m plasma volume 

There were no significant differences m relative 
specific activities or total relative activities of the 
phosphohpms on an absolute or body weight basis at 
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4 hr between any of the dietary groups with or 
without chohne supplements (Table 4) There was 
less variabihty m the phosphohpm relative specific 
activities of the animals on low protem, high fat 
diets than was shown by animals on the more mixed 
stock diet 

The values of specific activities at 4 hr of chohne 
contammg phosphohpms were on the whole close to 
those for total phosphohpm m aU groups of animals, 
suggestmg that different fat accumulations were not 
related to differences m the percentage molecular 
turnover rates of the phosphorus of the chohne and 
non chohne contammg phosphohpm fractions This 
IS confirmed by the close agreement of the specific 
activity time curves of the cholme containing and 
total phogiholipms 

Changes in amounts and composition of 
phosphohpm 

From Table 4 it can be seen that the amount of 
hver phosphohpm per umt of final body weight is 
significantly lower m the animals from the third and 
fourth generations fed palmitic acid for 12 da 5 rs than 
m an im als of the same generation fed oleic acid 
(f = 2 34, n^ = 22, p = 0 035) or the control diet 
(<=2 66,n^ = 22,p = 0 017) Tliere was no significant 
difference between the third and fourth generation 
oleic acid fed aiumals and the controls The amoimt 
of phosphohpm per umt of body weight was not 
related to the hver hpid accumulation m third and 
fourth generation animals fed palmitic acid as these 
did not differ significantly from the fifth generation 
animals wluch faded to accumulate hver fat 
Supplementation of the diet with cholme did not 
alter this quantity either m palmitic or oleic acid fed 
animals of the fifth generation The ratio of dry 
defatted hver weight to body weight was the same 
m aU groups Therefore, there were snmlar differences 
m amounts of phosphohpm on a dry defatted hver 
weight basis 

The composition of the hver hpids of those rats m 
which the phosphohpms were separated mto chohne 
containing and non chohne contammg fractions is 
shown m Table 6 


Table 3 Inver lipids and specific activity of liver inorganic phosphate 


Description 

Third and fourth generation palmitic 
acid fed nnimaTa (with fatty hvers) 

Oleic acid fed animals 

Fifth generation palmitic acid fed 
ammals 
Controls 


(4 hr after mjection of ) 


No of 
ammals 

10 

Final body 
wt (g) 

116 

Fat absorbed 
m 12 days 
(g) 

12 6 

Liver hpid 
(% dry defatted 
hver wt ) 

98 4 

s B =9 43 

Speoifio activity 
hver morgamc 
phosphate 

2 66 

8 E =0 179 

13 

126 

12 6 

36 1 

s B =3 98 

2 27 

s E =0 103 

9 

114 

11 8 

30 2 

s E =3 05 

2 08 

SE =0 113 

10 

140 

— 

27 4 

SB =1 54 

1 88 

SB =0 191 
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Table 4 Liter lipids and phosphohpin radioaciivUics 
(4 hr after mjcotion of ) 

Total h\ cr Total relative 


Description 

No of 
ammals 

Li\ cr fat 
(% fresh wt ) 

phosphohpm 
(g ) X lO'/bodj 
wt (g ) 

Relative 
specific 
activity X 100 

Total relative 
activity (g ) 

activity 
(g ) X 100/body 
wt 

Palmitic ncid fed animals 







Third and fourth generation 
(with fatty hvers) 

11 

18 24 

8 E = 1 37 

8 38 

s E =0 093 

29 98 

8 E =2 04 

2 95 

8 E =0 275 

2 55 

3 E =0 222 

Pifth generation 

9 

G84 

s E =0 532 

8 14 

s E =0 470 

31 40 
s E = 2 20 

2 94 

8 E =0 981 

2 59 

s E =0 264 

Fifth generation palmitic 
acid + cholme fed animals 

9 

4 74 

s E =0 250 

7 79 

s E =0 239 

35 00 

8 E =2 25 

3 18 

8 E =0 257 

2 74 

8 E =0 218 

Oleic acid fed animals 







Third and fourth generation 

11 

8 2C 

8 E =0 814 

10 50 

s E =0 270 

29 70 

8 E =1 70 

4 15 

8 E =0-G30 

3 27 

8 E =0 422 

Fifth generation 

o 

0 20 

8 E =0 300 

0 42 

8 E = 1 89 

29 10 
s E = 0 30 

3 35 

8 E =0 370 

2 68 

8 E =0 340 

Fifth generation oleic acid 
+ cholme fed ammols 

6 

6 30 

s E =0 500 

9 61 

s E =1 03 

31 50 
s E = 1 92 

3 02 

8 E =0 621 

300 

s E =0 414 

Controls 







Third and fourth generation 

11 

COO 

s E =0 190 

13 37 

S E =1 80 

38 90 

8 E =0 00 

3 77 

8 E =0 363 

2 73 

8 E =0-269 


Table 6 Changes vi phosphohpin composition and liver hpid accumulation 




Liver fat 

Acetone 

soluble 

Total 

phos 

Cholme 

contammg 

total 

Amoimt 

cholme 

contammg 

Amoimt 
non cholme 
contammg 

Descnption 

No of 

(% fresh 

hpins 

phohpm 

phosphohpm 

phosphohpm 

phosphohpm 

ammals 

wt ) 

(mg) 

(mg ) 

(%) 

(mg) 

(mg) 

Palmitic acid fed ammals 

Third and fourth generation 

0 

19 7 

881 8 

105 6 

69 1 

03 03 

42 87 

(with fatty hvers) 


8E =169 

s E =120 8 

SE =6 17 

s E =4 18 

s E =6 43 

8 E =3 98 

Fifth generation 

9 

084 

3 E =0 632 

160-9 
s E =22 3 

92 6 

S E =4 63 

65 0 

8 E =5 17 

68 6 

SE =2 71 

34 3 

8 E =6 25 

Fifth generation palmitic 

9 

4 74 

862 

88 9 

71 6 

63 2 

25 6 

aad-t cholme fed animals 


s E =0-250 

s E =7 20 

8 E =4 04 

B E =2 26 

8 E =4 06 

8 B =3 77 

Oleic acid fed animals 

Tlurd and fourth generation 

7 

9 57 

8E =1 17 

334 1 

8 E =68 4 

140 1 

8 E =21 1 

47 9 

8 E =4 01 

66 4 

8 E =9 74 

73 6 

8 E =13 9 

Fifth generation 

2 

6 20 

s E =0 360 

165 0 

8 E =26 0 

118 0 

BE =13 0 

642 

s E =9 26 

76 9 

8 E =19 1 

41 0 

s E =6 20 

Fifth generation oleio acid 

6 

6 30 

117 4 

114 3 

82 0 

93 6 

20 6 

+ chohne fed animals 


8 E =0-600 

s E =19 9 

s E =16 2 

8 E =1 98 

S E =13 1 

8 E =4 06 

Controls 

5 

6 18 

BE =1 13 

175 1 

8 E =46 7 

202 0 
s E =29 1 

67 9 

BE =7 47 

109 6 

BE =9 28 

92 4 

8 E =29 6 


In the oleic acid fed animals there is an mdication 
^ ®bolme contammgphosphohpmmoreased 

ere was a reduction m the amount of non cholme 
containing phosphohpm with resulting constancy 
m the total phosphohpm The pahmtic acid fed 
cjiunals, however , showed a remarkable constancy m 
omounts of ohohne containing phosphohpm, so that 
notions m total amounts of phosphohpm were 
US to reductions m the non cholme contammg 
tions There is also some mdication that 
tc actions m amounts of non cholme contammg 
P osphohpm m both oleic and palmitic acid fed 


animals were accompamed by reductions m amounts 
of acetone soluble hpids 

DISCUSSION 

Figs 1 and 2 show that m both oleic emd palmitic 
acid fed animals depots are depleted due to a low 
food mtake The fact that an mcreased food con- 
sumption does not reduce the weight loss of the 
palmitic acid fed animals mdicates the presence of 
some factor m addition to the amount of food eaten 
Hodge, MacLachlan, Bloor, Stoneburg, Oleson <S, 
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YTutehead (1941) and MacLachlan (1944) have ob- 
tained evidence that in fastmg mice the depot fat 
which IS metabohzed has an iodine number of 80 If 
palmitic acid provides a large proportion of the 
energy value of the food supplied to the body, and if 
m tlie rat an lodme number of the same order is 
obligatory for fat combustion by the li\er and 
possibly elsewhere m the body, then it is Iilvely that 
either the pahmtic acid will not be metabohzed and 
will accumulate, or the iodine number of the fat 
bemg metabohzed will either be raised by desatura 
tion or by blendmg with unsaturated fatty acids 
Tlie present work mdicates that the latter is the case 
Hodge etal (1941) foimd that the hver of the fastmg 
mouse metabohzes 92 % of the depot fat on the first 
day , a maximum of 8 % accumulates m the hver 
Animals m our experiment consumed up to 20 g of 
palmitic acid, and depleted then depots of approxi- 
mately 10 g of fat, the highest accumulation of fat 
m the hver was only 760 mg The fact that the 
dietary fat had an iodine number of zero, but that 
the hver triglyceride mamtamed an lodme number 
of 76 mdicates that a considerable proportion of the 
hver fat accumulation is not dietarj"- palmitic acid 
Tins may be partly due to desaturation, but the 
depletion of the depots mdicates that mobilization 
and blendmg of the fatty acids of the depots with 
pahmtic acid are also occurrmg Release of hpids 
from the depots may explam the diminished water 
mtake of the palmitic acid fed animals as bemg due 
to the operation of a depot mobilizmg pitmtary 
factor, influencmg the water balance (Best & 
CampbeU, 1936) 

Tlie sigmficimt reduction of percentage of hver fat 
below the normal level when cholme is fed with 
pahmtic acid may mdicate that chohne has a 
particularly important role m the metabolism of 
saturated fats Work is m progress to detennme if 
chohne restores the lodme number of the hver 
triglyceride to normal levels 

Hodge et al (1941) found a constant level of phos- 
phohpm m then fastmg mice despite combustion of 
considerable amounts of depot fat by the hver, and 
mterpreted this as mdicatmg a relatively unim- 
portant participation of the phosphohpins m this 
combustion Studies of the levels of hver phospho 
hpms m fastmg have been complemented by work 
with by Hodge, MacLachlan, Bloor, Welch, 
Komberg & Falkenheim (1947), who found that the 
specific actmty of hver phosphohpins showed a 
sharp mcrease on the second day of fastmg How- 
ever, Kaplan & Greenberg (1944 c) have shown that 
rats fasted for 3 days had marked mcreases m the 
specific activity of theu hver morgamo phosphate, 
which could m turn produce a nse m the specific 
activity of the hver phosphohpins without any real 
change m the turnover rate of the latter A re 
mvestigation of the turnover of hver phosphohpm 
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durmg fastmg mcludmg measurements of activities 
of morgamc phosphate would appear to be worth 
while, but at present it seems that endence for 
mcreased turnover rates produced by release of 
depot fats to hver is ambiguous 

The correlation of specific activity of liver m 
orgamc phosphate with amounts of hver hpid shows 
the importance of measuring the specific activity of 
hver morgamc phosphate or some other precursor 
m work on phosphohpm turnover rates m which 
different hpid accumulations are to be expected 

The differences m specific actmty of hver m 
organic phosphate may be due to several factors 
The accumulation of excess hver hpid may alter the 
permeabiht}’’ of hver cells to plasma morgamc phos 
phate In this connexion it is of mterest that Flock, 
BoUman & Mann (1936) have found a marked 
reduction m hver morgamc phosphate m dogs with 
fatty h vers Derangements of hver phosphate meta 
bohsm due to the presence of excess hpid are also 
mdicated by the work of Ennor & Stocken (1948) 
who found mcreases m amounts of the labile phos 
phate fractions m fatty hvers produced by carbon 
tetrachloride poiso nin g 

Our obsenmtions mdicate a remarkable constancy 
of joercentage molecular turnover rates even when 
adequate cholme is available, despite the con 
siderable differences m the nature of the dietary fat 
No differences m the quotient of phosphohpm radio 
activities and the radioactivities of the total acid 
soluble phosphorus of the small mtestme were found 
by Zilversmit, Chaikoff & Entenman (1948), despite 
the feedmg of smgle doses of different fats In the 
present experiment, however, the greatest pro 
portion of the weight loss occurred dumig the first 
half of the experimental period, and it is therefore 
possible that changes m the phosphohpm turnover 
rates, due to mobilization and accumulation of fat, 
might have been detected if measured at some tune 
before the twelfth day 

An mcrease m phosphohpm turnover rates, caused 
by smgle doses of chohne and high fat diets, has 
been found by other workers Perhnan & Chaikoff 
(1939) state that the effect of a smgle dose of chohne 
18 of short duration In the present experiment when 
chohne was admimstered it was fed m the diet, and 
therefore a sharp rise m turnover rate, due to 
synthesis of new phosphohpm molecules, was not to 
be expected However, the contmuous feedmg of 
chohne might have produced a steady state at a 
higher turnover rate m view of the overall mcrease 
m fat metabohsm m the pahmtic acid fed anunals 

The mterpretation of the relationslup between 
percentage and amounts of cholme contammg phos 
phohpms and fat accumulation is difficult Artom 
& Fishman (19436) usmg 2-3 month old rats, pre 
vented fatty infiltration of the hver by chohne 
supplementation, but did not raise the low values of 
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chobne contavmng pbospholipms observed in the 
animals on the unsupplemonted loii protom diet 
Howeier, Fisliman <L Artom (1944), using wennlmg 
rats, not onlj’' pro\ented the infiltmtion of fat by 
cbobne supplementation, but raised the percentage 
and absolute amounts of the cliolmo contnimng 
pbospholipms, with a correspondmg decrease in the 
non-chohne-oontainmg pbospholipms Similar results 
were obtamed by Fislimnn & Artom (1940) with 
100 g male rats From the present n ork there is an 
mdication that the amounts of non choline con 
taming phosphohpins i arj' directly with the amoimt 
of acetone soluble hpids, while the amount of 
chohne contammg phosphohpins maj be constant 
as m the pahmtic acid fed ommals Cliannon &, 
Wdkmson (1930) selected natural fats to give asenes 
of lodme numbers and foimd no correlation between 
amounts of leoitlun and fat accumulation, but im 
fortunately kephahn was not estimated Our 
evidence for the different effects of dietary oleic and 
palmitic acids on the amounts of liver chohne 
containing phosphohpms mdicate the importance 
of considering the nature of the fatty acids m work 
on phoaphohpm metabolism 
If the rate of renewal of the fatty acid of the phos 
phohpm differs widely from that of the phosphate, 
it IS possible that tracer studies with marked fats 
would show that changes m amounts gf phospho 
hpms are accompamed by changes m molecular 
turnover rates From the prelunmary experiment 
on the molecular rate of turnover of phosphohpm 
phosphorus it was estimated that a change m mete 
bohsm of approximately 30 mg of fatty acid by the 
phosphohpms could be detected, on the assumption 
that fatty acids were renewed at the same rate as the 
phosphorus It might have been expected that there 
would be changes m phosphohpm turnover rates 
related to either the changes m overall fat mete 
bohsm or to differences m hver hpid accumulations 
The present work mdicates no changes m turnover 
rates ofhver phosphohpms despite the mobdization of 
large amounts of depot fat and the greatly mcreased 
fat metabohsm m the palmitic acid fed animals The 
possibdity of removal of accumulated hver hpids by 
a mechanism mvolvmg an mcrease m phosphohpm 
umover rates was not apparent m the present 
mvestigations, smce m the only experiment m which 
enough chohne was supphed to pahmtic acid fed 
smmals to allow mcreases m turnover rates there 
^re only shght accumulations of fat m the hvers of 
leir litter mates not receivmg chohne 
The reduction m amounts of total pho^holipm 
on a dy weight basis m the pahmtio acid fed as 
compared with the oleic acid fed animals was the 
cn y c early significant change produced m the phos 
Phohpms by the nature of the dietary fat 
, ^ protem, lugh fat diets did not produce any 

^ molecular or total turnover rates of 
^ver phosphohpms on an absolute or body weight 


basis, from the values observed for ammals on stock 
diet Tins IS m agreement with BoUman & Flock 
(1946) 

Tlio present work mdicates that mcreases m hver 
fat accumulations caused by feedmg saturated as 
compared with unsaturated fatty acids may be due 
to mcreased fat mobilization and metabolism super- 
imposed on a defieienoy of hpotropic factors 

STOEMABY 

1 An investigation bos been made of the amounts 
of In or hpid accumulatmg durmg the feedmg of rats 
with large amoimts of pure saturated and un- 
saturated fatty acids 

2 Low protem high fat diets contammg pure 
oleic and pahmtic acids were fed to rats Analyses 
wore mode of carcass and hver hpids, and hver 
phosphohpma w as employed m the measurement 
of phosphohpm turnover rates 

3 The metabolism of large amounts of dietary 
palmitic acid is accompamed by simultaneous release 
of large amounts of depot fat Metabohsm of oleic 
acid does not impose a similar demand on the fat 
depots 

4 Tliere is a pronounced difference m the per 
centege of hver fat of different fitters of rats when 
oleic and pahmtic acids are fed, m the animals from 
the litters m which hver fat accumulates, sig- 
nificantly lugher percentages ofhver fat are obtamed 
for palmitic acid fed than for oleic acid fed ammals 

6 Feedmg pahmtic acid reduces the amoimt of 
total hver phosphohpm per umt of body weight aa 
compared with animals fed oleic acid or stock diet 

6 Tliere is some evidence that different relation- 
ships exist between the chohne contammg and non- 
cholme contammg hver phosphohpins when oleic 
and palmitic acids are fed 

7 A correlation has been found between the 
amount of hver hpid expressed on a dry weight 
basis and the amount of radioactivity per umt of 
hver morgemic phosphate 4 hr after mjection of 
radiophosphate 

8 Phosphohpm turnover rates, measured by 
employing ““P to mark the phosphate component of 
the molecule, show no correlation with amounts of 
hver hpids or with gross changes m fat metabohsm 
caused by palmitic acid feedmg This mdicates that 
either phosphohpm turnover rates may not be 
mvolved, or that the rate of turnover of radioactive 
phosphate is not a measure of that of the fatty acid 
on the phosphohpm molecule 

9 The factors causmg hver hpid accumulations 
m animals fed diets containing large amounts of 
saturated fatty acids are discussed 

The authors would hfce to thank Prof. B S Platt for much 
helpful discussion and advice m the course of this work The 
authors also wish to thank Mr R Gloldbeig for skilled 
technical assistance in the construction of part of the Geiger 
MtlUer eqmpment 
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Renal Function as Affected by Experimental Umlateral Kidney Lesions 

2 THE EFFECT OF CYA2HDE 

By T F NICHOLSON, Department of Pathological Chemistry, University of Toronto 

{Received \4: February 1949) 


An earlier paper (Nicholson, Selby & Urquliart, 
1938) described some of the functional changes 
occurring when a mild degeneration of the cells of 
the proximal convoluted tubules is produced by 
sodium tartrate One effect is an interference with 
the selective permeability of the tubular cells such 
that there is back diffusion of substances to which the 
walls of the tubules are normaUy impermeable 
(e g muhn, creatimne, ferrooyamde) Bobey, 
Longley, Dickes, Price & Hayman (1942) reported 
a similar effect with uramum mtrate It was thought 
possible that any substance winch caused tubular 
degeneration or which mterfered with tubular 
function might also produce changes m the perme 
abihty of the cells hning the tubules To test the 
latter possibihty the effect of cyanide has been 
studied In the isolated kidney Starhng & Vemey 
(1926) found that cyanide completely inhibits 
tubular activity and results m the excretion of a 
urme which is essentially an ultrafiltrate of the 
plasma, i e unchanged glomerular filtrate 

The present experiments show, however, that 
when oyamde is added to the blood flowing through 
the kidney in situ its nephrotoxic action is more 
selective 


METHODS 
Physiological techniques 

Preparation of the animals Female dogs of from 7 to 8 kg 
were used Under nembntal anaesthesia the femoral artery 
and vem on both sides and one jugular vem were exposed 
The kidneys were exposed through a long mid hne mcision, 
and the renal artery and vem on each side were gently freed 
from the Bunoundmg perirenal fat TVhen the out surfaces 
had ceased oozing the animal was heparinized Thm walled 
silver cannulae, of approximately the same mtemal diameters 
ns the vessels m which they were to be used, were inserted 
mto the renal ond femoral vessels The femoral and renal 
veins and the femoral and renal artenes were jomed fay 
moderately thick walled rubber tubmg running through the 
abdommal cavity Each length of rubber tubmg had n glass 
T tube inserted m its course so that one end of each T tube 
was m immediate juxtaposition with the free end of the 
respective femoral cannula The side arms of the arterial 
T tubes were each attached to a mercury manometer From 
each venous T tube a short piece of rubber tubmg, closed by 
a pmchcook, led mto a 600 ml cvhnder A graduated 
reservoir contamed 1600 ml of heparinized blood, obtamed 
immediately before the expienment from dogs whose blood 
gave no cross agglutmation with that of the expienmental 
animal, was attached by a rubber tube, closed by o pmch 
cock to a cannula mserted mto the jugularvein The unnaiy 
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bkdder -htis then opened down the mid hno nntcnorlj tind 
the ureters cathetenzed 

Injection of cj/anidc The rate of blood flow through tho 
kidneys was detenmned by placing bull dog clamps on tho 
femoral vems just distal to the T tubes and simultaneously 
opening the pmchoooks on tho outlet tubes Tho blood was 
allowed to flow into tho graduated cylinders for 5-10 mm , 
depending on the rate of flow, and tho minute flow measured 
At the same tune tho dog Was transfused tlirough tho jugular 
vem at approsamately the same rate as tho combmed outflow 
from the kidnoyB No appreciablo change in renal blood 
pressure or blood flow was noted dunng tho time of measure 
meat The rate m diBercnt animals \ancd from 40-76 
ml /min and was uanaUi constant throughout the period 
of measurement Except m a few animals, which wore 
discarded, the rate of blood flow -was practically identical for 
each kidney of the same animal llTien tho renal blood flow 
had been detenmned a contmuous fine stream of 0 07 m NaCN 
solution of pH 7 4 was mtrodneed mto the blood gomg to tho 
left kidney at the rate of 0 26 ml for every 100 ml of blood 
This gives a concentration of cyamde m the blood of approxi 
mately ii/000 as used by Starlmg A, Vemey (1026) Tho 
solution was mjeoted through a no 27 needle inserted 
through the wall of the rubber tubing connectmg the femoral 
and renal artenes at a pomt just proximal to tho manometer 
T tube The needle was connected to a modified Woodyatt 
pump by 2 ft of pure gum rubber tubmg of ^ in mside 
diameter and j’g- m wall With this arrangementtho solution 
could be dehvered with a steady flow at rates of 0 1-1 0 
mh/ttun Under these conditions complete mixing of the 
blood and mjeoted flmd takes place This was shown by some 
preliminary experiments m which solntions containing 8% 
oreatinme were mjeoted at the same rate as tho oyamde 
solution Samples of blood taken from the renal artery 
co^med 20 mg (±1 mg ) of added creatmine/100 ml 
During the period of oyamde mjeotion, which lasted for 
3 mm , the blood from the renal vems was agam run into 
t e graduated oyhnders and the blood flow measured, the 
cod lost bemg replaced by transfusion from the reservoir 
0 significant changes in blood flow or blood pressure were 
produced by the mjeotion of cyamde The blood from the 
ng t kidney was returned at 2 min mtervals to tho trans 
, *°^^®servoir The cyamded blood from the left kidney was 
-^er discontmumg the oyamde mjection the 
ow finm the right kidney was agom directed into tho 
ng emoral vem That from the left kidney was allowed to 
ow mto the oyhnder for a further 2 imn to wash away any 

ces of cyamde before dirootmg the flow mto the left 
femoral vem 


of urxne and blood Unne was collected under o 
m ^bes graduated to read to 0 02 ml 

‘ n r+ With a tighl^fitting oded syrmge from tl 

1“®*' distal to the renal artery of each kidnr 
there uas no essential difierem 
ween the bloods from the two arteries, samples : 

were taken from the right ‘artena 
entered the abdommal cavity The blot 
comnlof 1 m the animal) was centrifuged m 

cstimni,^^ (Peters A Van Slyke, 1931) and a 

Mtimations done on the plasma 

anao<itv^h^ kefinijue Immediately after the animal wi 
muhn and ok infusion of 1 g creatmme 1 6 j 

Riven into red m 60 ml of 0 89% sahne w£ 

foUowed by a suatammg infusion of 1 g creatLi, 


1 g mulm and 126 mg phenol red m 600 mL 0 89% sahne 
giicn at tho rate of 2 ml /mm This mamtamed a fairly 
constant lo\ el of the abox e three substances m the blood for 
tho period dunng which the clearances wore bemg estimated 
Two consecutive 10 mm clearance tests were made before 
the mjection of cyamde Tho ‘oyamde’ clearances were 
started 3 mm after tho commencement of the oyamde 
injection and were contmued for 10 mm In a few cases the 
collection was made m two penods of 6 mm each Blood 
was collected before and after each clearance penod 
Clearances of creatmme, mulm, urea and phenol red were 
estimated for each kidney, and the amount of glucose and 
chlondo in the unne detenmned Plasma urea was deter 
mined on a specimen taken at about the middle of the 
oxpcnmental penod Plasma oreatinme, mulm and phenol 
red wore determined on all specimens Clearances were 

(7 X F 

calculated by tho usual formula — ~ — =0, where U = con 

centmtion m the unne m mg /lOO mL, F =unne flow m 
ml /mm , P = concentration m the plasma m mg /lOO ml 
and C = amount of plasma ‘ cleared’ m ml /mm 


Analytical methods 

Plasma Urea was detenmned by the method of Van 
Slyko A Cullen (1916) 

Inulm was estimated by detenninmg the reduction 
obtamed after hydrolysmg a tungstio acid filtrate (Van Slyke 
A Hawkms, 1928), from which the glucose had been removed 
by fermentation with washed baker’s yeast, with n for 

2 hr at 90° A blank deter min ation was done on plama 
obtamed before startmg the infusions Eeduotion was 
measured by the Hardmg A Downs (1933) modification of 
the Shafier-Somogyi reagent Creatmme was detenmned by 
the method of Folm A Wu (1919) usmg the Evelyn photo 
clectno colorimeter Total phenol red was detenmned by 
addmg6ml 10%NajCOj8olntiontol0inl of almlO dilution 
of plasma and measurmg the colour developed m the Evelyn 
photoelectno colorimeter using a no 640 filter 

Free phenol red m plasma was calculated usmg the formula 
T 

— =AC(Grollmaii, 1926), where A = mg bound dye/1 00 ml , 
JU 

HI = percentage of albumm, A = 0 66 for dog plasma 
(Shannon, 1936), C =mg fine dye/ 100 ml and l/n=0 83 for 
dog plasma (Shannon, 1936) 

Chlonde was detenmned by the titnmetne method of 
Sendroy (1937), and pH with the Beckman pH meter usmg 
the glass electrode 

Urine Urea was estimated as for plasma usmg 1 m 60 or 
1 m 100 ddutions 

Tn iilm was estimated by the reduction produced on 
hydrolysis usmg aim 400 or 1 m 800 dilution of unne At 
these dilutions the small amounts of glucose m the unne 
gave no reduction and the blank was negbgible 

Phenol red was estimated as m plasma usmg dilution of 
1 m 400 to 1 m 800 

Glucose was estimated on HgSO^ BaCO, filtrates (West, 
Soharles A Peterson 1929) by determmmg the decrease m 
reducing values after fermentation with baker’s yeast 

Creatmme was detemuned on 1 m 400 to 1 m 800 ddutions 
of unne by the method used for plasma 

Chlonde was detemuned by Sendroy’s ‘exact’ titnmetne 
method and pH with the Beckman pH meter with a glass 
electrode 
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RESULTS 

Table 1 gives all the findings in a typical experiment 
(dog 6) In Table 2, the results obtamed on botli 
nght and left kidneys during the penod m which the 
blood contaming m/ 600 cj^amde was flowing tlirough 
the left kidney are given 


1949 

It wiU be noted that cyanide has httle effect on 
glucose reabsorption Unne volume is mcreased 
from about 6 to approximately 16 tunes, but never 
approaches the volume of the glomerular filtrate 
Unne chlonde and pH are the same as that of the 
plasma The clearances of inuhn and creatmine are 
unaffected, but the clearance of urea is decreased to 


Table 1 Effect of cyantdc on renal function 

(Period no 1 before, penod no 2 during the injection of cyanide into the left renal artery, 
R K =nght kidney, LJS. =Ieft kidney ) 

Chlonde 


Period 

Glucose 
(mg /lOO ml ) 
Unne 

A 

(mg /lOO ml ) 

A 



pH 

X 


Unne volume 
(ml /min ) 

1 

Unne 

A 


1 

Unno 


no 

RK 

LK 

RK Lk" 

Plasma 

RK 

lk' 

Plasma 

'rk lk 

1 

98 

14 1 

799 810 

371 

0 05 

600 

7 47 

0 28 0 3 

2 

10 6 

31 8* 

773 369* 

306 

6 10 

7 48* 

7 46 

0 33 3 3' 




Clearances 







I ^ U/P ratiof 

‘Free’ , ^ ^ 

Creatinine Innlin Urea Phenol red phenol Creatinine Urea 

Penod , * , , ‘ ^ ^ , , » , red , » v ^ — 


no 

RK 

LK 

RK 

LK 

RK 

LK 

RK. 

LJL 

l:k 

RK 

LK 

RK 

LK. 

1 

40 

44 

43 

45 

30 

31 

63 

60 



143 

160 

101 

104 

2 

44 

42* 

41 

43* 

31 

17* 

61 

11 3* 

46* 

160 

14* 

104 

6* 


* Blood flowing through loft kidney for this penod contained si/BOO sodium cyanide t Unne/plasma ratio 


Table 2 Effcci of cyantdc on certain renal functions 

(Sodium cyanide (m/ 000) mtroduced into the blood going to the left kidney 
Right kidney served as control ) 

Clearances 


Chlonde , * , U/P ratio* 

-irr /lATl ml ^ nTT TTnriA *'RVf‘R* — ■ A, 




Glucose 

(mg /lOO ml ) 

pH 

Unne 





'Free* 

f 

-A 

Dog 


(mg /lOO 

! 

V 

, 

->• ^ 

volume 

Great 



Phenol 

phenol 

Creat- 


no 

Kidney 

ml ) 

Unne 

Plasma 

Unne 

Plasma 

(ml /mm ) 

inme 

Inuhn 

Urea 

red 

red 

mme 

Urea 

1 

R 

14 1 

867 

393 

6 13 

7 43 

0 47 

40 

39 

19 

63 

— 

86 

41 


L 

36 6 

400 

399 

7 40 

742 

3 87 

38 

37 

9 

80 

40 

98 

23 

2 

R 

11 7 

799 

386 

6 92 

7 61 

0 35 

62 

64 

30 

85 


148 

86 


L 

28 2 

389 

390 

7 63 

7 60 

3 16 

65 

61 

16 

11 7 

49 

17 5 

6 1 

3 

R 

19 8 

807 

397 

6 76 

7 39 

0 93 

48 

61 

28 

95 

— 

62 

30 


L 

34 1 

396 

400 

743 

7 41 

4 66 

60 

49 

16 

13 3 

51 

10 8 

3 4 

4 

B 

82 

826 

387 

6 67 

744 

040 

41 

39 

17 

68 

— 

103 

43 


L 

16 6 

393 

389 

740 

742 

418 

38 

35 

10 

86 

39 

9 1 

2 5 

6 

R 

16 6 

846 

371 

600 

7 47 

0 30 

44 

46 

31 

60 

— 

160 

103 


L 

31 8 

369 

366 

748 

7 46 

3 30 

42 

43 

17 

11 3 

46 

14 

6 2 

6 

R 

94 

769 

386 

6 24 

7 48 

0 38 

64 

61 

32 

87 

— 

142 

84 

L 

21 0 

390 

384 

746 

7 47 

4 61 

47 

47 

17 

12 6 

48 

11 1 

3 8 

7 

R 

8 2 

869 

383 

6 37 

7 46 

1 13 

66 

63 

22 

108 

— 

49 

19 6 


L 

22 3 

372 

379 

745 

7 46 

6 79 

66 

64 

12 

14 7 

60 

9 6 

2 1 

8 

R 

70 

907 

403 

6 05 

7 47 

046 

60 

61 

34 

94 

— 

111 

76 

L 

20 0 

413 

409 

7 48 

748 

3 97 

62 

60 

18 

13 0 

66 

13 1 

4 6 

9 

R 

10 6 

778 

382 

6 74 

7 39 

0 42 

80 

81 

46 

127 

— 

191 

109 

L 

26 9 

377 

381 

740 

7 38 

4 36 

77 

80 

26 

19 6 

86 

17 7 

6 5 

10 

R 

82 

921 

413 

7 92 

7 64 

0 87 

64 

66 

38 

112 

— 

62 

44 

1 O 

L 

28 2 

416 

410 

7 56 

7 63 

623 

60 

63 

20 

16 1 

65 

9 6 

1 O 

11 

R 

16 7 

867' 

387 

7 98 

7 53 

107 

63 

66 

34 

83 

— 

60 

47 

1 A 

L 

20 0 

392 

389 

7 53 

7 64 

6 43 

66 

63 

19 

11 9 

54 

8 7 

1 4 

12 

R 

9 1 

883 

389 

7 97 

7 62 

0 40 

46 

47 

30 

86 

— 

116 

75 

O Q 


L 

16 3 

395 

391 

7 60 

7 61 

5 68 

42 

44 

16 

11 7 

48 

7 4 

L O 







* Unne/plasma ratio 
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almost one half of the normal value Tire ‘total’ 
phenol red clearance is only 16 % of normal Wlien 
the phenol red clearance is calculated usmg the 
figure for ‘free’ phenol red m the plasma it is found 
to be practically the same ns the creatmine and 
inulm clearances 

DISCUSSION 

The mam difference between the effect of cyanide on 
the isolated kidney as reported by Starhng Verney 
(1926) and its effect on the kidney tn situ hes m the 
contmued abihty of the latter to reabsorb glucose 
after poisonmg with cyanide and m its abihty to 
concentrate the urme to a considerable evtent 
The fact that the clearance of creatimne and 
muhn IS not changed dunng the period of cyomde 
action shows that the permeabihty of the cells to 
these two substances is unchanged The marked 
decrease m urea clearances is presumptive evidence 
of mcreased back diffusion of this substance, as it is 
mconceivable that the glomerulus could become less 
permeable to urea and still filter muhn and creatimne 
at the normal rate This mcreased back diffusion 
could be due to a change m cellular permeabihty for 
urea It seems more hkely, however, that the cells 
of the distal tubules and the coUectmg tubules have 
to perform work, mvolvmg the use of enzyme 
systems inhibited by cyamde, to prevent urea from 
diffusmg book from the concentrated tubular urme, 
m contrast to mulm and creatmme which probably 
remam m the lumen of the tubules because the cell 
membranes are not permeable to these substances 
The marked diuresis is further evidence that the 
oxidative systems m the cells are necessary for the 
performance of much of the osmotic work of the 
kidney On the other hand, reabsorption of normal 
amounts of glucose is httle affected and can appa 
rently proceed anaerobically Whether or not the 
total abihty to handle glucose is decreased was not ‘ 
determmed, as we were unable to establish the 
glucose Tm (the maximum amount of glucose which 
the kidney can reabsorb m 1 mm ) m the short time 
m which it was practical to carry on the experiment, 
but it seems qmte probable that this might be the 


ease m view of the small but consistent mcrease m 
glucose m the urine, and tlie partial decrease m the 
abihty of the kidney to concentrate the urme and to 
prevent the back diffusion of urea The secretory 
powers of the kidney, at least m respect to phenol red 
excretion and ammoma formation, appear to be 
concerned with oxidative meohamsms as they are 
completely abohshed by cyamde The loss of the 
kidney’s abdity to change the pH of the urme from 
that of the glomerular filtrate may be explamed on 
the basis of the mechamsm of urinary acidification 
advanced by Pitts Alexander (1946), by the 
suspension of the oxidative metabohc processes 
witlun the tubular cells with a consequent lack of 
carbon dioxide for the formation of carbomc acid, 
the probable source of the hydrogen ions exchanged 
for the sodium ions m the tubular urme 

Poisemng of the kidney with cyamde therefore, 
which inhibits the action of some of the enzyme 
systems withm the cell without producing morpho 
logical changes, does not alter the character of the 
tubular wall as a semi permeable membrane, but 
does abohsh a number of its secretory powers and 
markedly decreases tlie amount of osmotic work 
which can be performed 

SUMMARY 

1 A method for perfusmg one kidney w«tu with 
cyamded blood, while using the other kidney as a 
control, IS described 

2 The general concentrating power of the kidney 
poisoned with cyamde is only about one tenth that of 
the normal kidney and its abihty to concentrate 
chloride is entirely lost 

3 Clearances of oreatmme and muhn are un- 
changed, but the clearance of urea is decreased 60 % 

4 The tubular secretion of phenol red and 
ammoma is completely inhibited 

6 The kidney loses its abihty to change the 
hydrogen ion concentration of the glomerular 
filtrate 

6 The reabsorption of glucose is practically 
unaffected 
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PROCEEDINGS OF THE BIOCHEMICAL SOCIETY 

The 277th Meeting of the Biochemical Society was held in the Department of Chemistry, The University, 
Nottingham, on Friday 17 June 1949, when the following papers were read 

COMMUNICATIONS 

Separation of the Various Penicillins by Partition Chromatography By F Dobson and 
S W Steoud IJBiochemistry Division, Research Department, Messrs Boots Pure Drug Go Ltd , 
Nottingham) 

Vanous authors have previously described methods been found that eiBcient separation of the various 
for the separation of the vanous pemcdlins based on penicillins con be effected by the use of a kieselguhr/ 
the sihca gel partition chromatogram of Martm A- sodium citrate buffer partition chromatogram, no 
Synge ^1941^ Catch, Cook & Hoilbron (1942,^ nsod pm treatment of the kieselgnhr being necessary 
a modified sihca gel ohromatogram for the purifica Optimum conditionswereestabhshedmth 40% (v/v) 
tion of crude pemcilhn, but this was capable of saturated sodium citrate buffer solution of pH 6 7 
httle development Levi (1948) dealt rvith the os the stationary phase, ether being used as the 
theoretical aspects and the use of a sihca gel partition rnobile phase Under these conditions the separated 
chromatogram, and Boon, Calam, Gudgeon & Lern pemcfihns can be rapidly eluted from the column, 
(1948) desenbed a method for the analysis of crude and we have beenable to prepare 600-1000mg quan 
pemciUm usmg this type of column Fischbach, titles of the vanous pemcillms m a pure state from 
Eble A, Mundell (1947) also desenbed the separation 4 to 6 g of commercial samples of mixed pemoilhns 
of the vanous pemciUins by means of a silica gel/ on a 600 g kieselguhr/260 ml sodium citrate buffer 
phosphate buffer partition chromatogram, m which column The precise loading on the column is de 
a high degree of separation occurred, but onutted pendent on the relative proportions of the vanous 
to give the precise details of the method Ail these pemcillms m the sample 

methods used sihca gel as the absorbent, the silica Small vanations m pH have a considerable effect 
havmg to be extremely carefully prepared and stan on the efficiency of the separations, and mcreasmg 
dardized to obtam reproducible re^ts (Hams & the concentration of the buffer above the established 
Wick, 1946) optimum decreases the effective length of the 

In the course of the present mvestigations it has column 
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Acetic Acid in Bovine Peripheral Blood and its Utilization by the Mammary Gland By 
G L McClvmont (Walter and Eliza Hall Vetermary Research Fellow, Umversity of Sydney) 
(mtroduced by R Soamshbiok) {Institute of Animal Pathology, University of Cambridge) 

An arteriovenous difference of volatile fatty acids modification of the operation described for goats by 
sheep was demonstrated by Reid Graham, Turner & Gomez (1937) Volatile fatty acid 

' , ' ” IS now reported on the volatile fatty was isolated from arterial blood, by the method of 

am metabolism of bovmes with special reference to Fnedemann (1938) usmg a metaphosphonc acid 

enoi differences on the mammary gland filtrate The method of partition cliromatography 
the °^tamed by rectal puncture of described by Moyle, Baldwm & Scansbrick (1948) 

OP lao (Graliam, Kay A, SIcIntosh, 1936), was used for identification and estimation of the 

rom carotid loop established m bovmes by a acids With diets of grass hay and concentrates, the 


a 
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volatile fatty acid was found in five cows to bo over 
91 % (molar basis) acetic, with small proportions of 
propionic, butyric, and at least two higher acids 
For most purposes the volatile fatty acid m bovmo 
peripheral blood can therefore bo regarded and calcu- 
lated as acetic Reid (1948), usmg the method of 
Elsden (1946), found 100 and 90 % acetic acid m two 
blood samples from sheep 

Volatile fatty acid, calculated as acetic, was 
routmely estimated by a modification of the method 
of McClendon (1944) In three cows studied, acetic 
acid levels m arterial blood usually readied a 
maximum withm 2—4 lir of feodmg, typically 
attammg levels of 8-12 mg /lOO ml of blood, de- 
chnmg to 3-6 mg /1 00 ml 24 lir after feedmg and 
to 1 6-3 mg /lOO ml 48 or more hours after feedmg 
Both the non-lactatmg and lactatmg mammary 
gland removed acetic acid from the blood, the 
arteriovenous ddfereneo of the lactatmg gland m the 


fed animal usually bemg firom 40 to 80 % of the 
arterial level or 2-6 mg /1 00 ml of blood 
These in mvo findmgs are m eiccord with the in 
vitro work of FoUey & French (1949) on rummant 
mammary gland tissue shces 

An association was found between the deohne m 
the Reichert Meissl value of rmlk fat m starvation, 
as described by Smith & Dastur (1940), and the fall 
m the arteriovenous difference of acetic acid, usmg 
oxytoom mjections to empty the udder as completely 
as possible at each milkmg However, neither mtra 
rummal mfusion of acetic acid nor mtravenous m 
fusion of sodium acetate affected the starvation 
lowered R M value This confirms the findmgs of 
Mann & Shaw (1947) and Folley & Malpress (cited 
by Folley & French, 1949), but the explanation 
suggested by Folley & French, that adequate blood 
levels of acetate were not obtamed, was found m- 
vahd for these experiments 
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Microbiological Assay of Growth Factors Essential for Lactobacillus leichmami 313 onALeuco- 
nostoc citrovorum By K A Lees and W B Emeby [Fermentation Division, Glaxo Laboratories 
Ltd , Barnard Oastle) 


Microbiological tube assays for the determmation of 
Smith’s A P A F and other growth factors using 
Lactobacillus leichmami and Leuconostoc citrovorum 
as test organisms have been developed 

Lac leichmami is mamtamed by daily transfer m 
hqmd medium (yeast extract 1 % , tomato jmce 6 % , 
skimmed millr ad 100%) Leu citrovorum is mam 
tamed m stab cultures (glucose 0 6%, yeast extract 
0 3%, agar 1 6 %) by fortnightly transfer 

Lae leichmanii moculum is prepared by two daily 
transfers m basal assay medium plus 0 2 % Examen 
The second transfer is centrifuged, the cells washed 
once with sahne and resuspended to B W opacity 4 
This suspension is diluted 1/8 m a mixture of ecjual 
volumes of sahne and clarified tomato jmce (sterilized 
by filtration) 0 6 ml of this moculum is used per 
tube Leu ciiroronwi. moculum is produced similarly 
from a smgle 24 lir transfer from the stab culture 


mto the supplemented basal medium Tins is made 
to opacity 4/8 m sahne only 

The basal medium used for both organisms is that 
of SneU, Kitay & McNutt (1948), modified by 
omission of enzymatic casern digest eind reduction 
of the level of salts B To prevent precipitation m 
the tubes and consequent lugh blanks, the medium 
IS preheated m bulk and filtered hot 6 x 1 m tubes 
are used, each tube containing 8 ml of medium 
Tubes are autoclaved at 16 lb pressure for 10 mm 
Incubation is normally carried out at 37° for 16 hr 
and turbidity measured on a Spekker absorptio 
meter Maximum response of Lac leichmami is 
obtamed with 0 005 pg of Smith’s oiystaUme factor 
per tube Maximum response of Leu citrovorum is 
obtamed with 1 ml of 1 mg /ml Examen per tube 
Both factors are sterilized by filtration and added 
aseptically to the tubes 
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Leu citrovorum does not respond to 2000 times 
the level of South’s factor required to stimulate 
Lac Icichmami 

Both factors have been found to be present m 
refined hver extracts and m concentrates prepared 
from fermentation residues, shown to be clmically 


ui 

active m permcious anaenua The Leu citrovorum 
factor appears to be more stable to heat than the 
Lao letchmamt factor Stabihty tests on Examen 
at 37° mdicate that the Lac Icichrnanii factor is 
labile at alkalme pH and the Leu citrovorum factor 
18 labile at acid pH 
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The Influence of Dietary Protein Levels on Experimental Liver Injury in Dogs By C J 
Babdawill and A G GornaiAi (Department of Pathological Chemistry, University of Toronto) 


For many years patients with hver disease received 
diets noh m carbohydrate, but low m protem and 
fat About 10 years ago, as a phase in the elucidation 
of the hpotropic food factors, the value of additional 
dietary protem was noted and became emphasized 
Patek & Post (1941) reported very encouraging 
results m the treatment of cirrhosis, usmg a generous 
diet contammg 140 g of protem, with added B 
vitamins, and hver extract mjeotions This work 
uutiated a rapid trend to high protem dietary 
regimes m hver disease, mtakes of 200-300 g a day 
bemg advocated by Morrison (1947) and others 
From this one might infer that experimental hepatic 
damage should tend to be more marked and heal 
less rapidly m animals kept on a relatively low pro 
tern diet 

Carbon tetrachloride has been admmistered twice 
weekly by stomach tube to two small groups of adult 
dogs mamtamed on isocalonc diets containing 
approximately 17 and 70 g of protem per day 
respectively After 60-76 doses of the toxm early 
photic changes were present m all of the animals, 
ut no distmction could be drawn between the two 
gro^s, and it was decided to repeat the experiment 
on e same animals under more closely comparable 


conditions After a convalescent penod the animals 
were placed agam on the different diets, given 
sixteen consecutive doses of carbon tetrachloride 
and allowed to recover Followmg a further rest 
period the groups were reversed as to diet and the 
toxm admuustration repeated 

The results, measured by the bromsulfalem ex 
cretion test, the serum alkalme phosphatase, and the 
serum albumin and globulm concentrations, showed 
dining and after the first sixteen doses of toxm no 
appreciable difference between the group on the 
lower and higher protem mtake lidividual re 
sponses to the carbon tetrachlonde were, however, 
qmte vaned On reversmg the two groups it was 
agam impossible to draw any clear distmction be- 
tween the efiects of the toxm Most notable was the 
Bimilanty m the response of each mdividual animal 
on the two different diets 

The experimental results are regarded as lendmg 
support to the view that a large amount of protem 
(per se) is of doubtful benefit m the diet of patients 
with chrome hver disease A nutntious diet contam- 
mg moderate amounts of first class protem (supple- 
mented possibly with certam accessory food factors) 
may mdeed be entirely adequate and perhaps best 
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The Conversion of Acetate to Glycine in the Rat By H B V Aenstein and A Neuberoee (The 
national Institute for Medical Research, London, NWS) 


(Albmo Institute stram) were admun 

meSi “C on th 

carboxyl groups respectivelj 

Phenv IbnT^^*' “ ammo > 

Mid sodium benzoate Hippun 

isobt^ r “ •icetanudo y-phenylbutync acid wer 
isolated from the urme by counter current ex 


traction with chloroform and ethyl acetate and then: 
radioactivity determmed (Table 1) 

The activities of the hippunc acid show that both 
carbon atoms of acetate appear m the glycme mole 
oule, though the specific activity of the luppunc 
acid is very much smaller than that of the acetamido 
compound 
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Table 1 All counts were dcterimncd ivith tnjlmtc ihtekness samples (20 rng or more of substance per cm -) 
on a 12 cm - disk Under these conditions, a substance vnth a specific activity of 1 yc jmg gave 10® 
counts/min /mg 

Counts/mm /mM 


Rat 

no 

L-a Acetnmido 
y phonylbutyno 
acid 

Hippunc 

acid 

\antliydryl 

urea 

Diluted 

hippunc 

acid 

Formaldoly do 
dunedon 

BaCOj from 
carboxyl 
group 

7 *) 

8*f 

6 25 X 10® 

1 325 X 10* 

4 06 X 10' 

3 5 xlO® 

No activity 

3 48 X 10® 

9t 

lot 

3 0 xKb 

2 26 X 10® 

126 xlO' 

2 18 xlO* 

2 20 X 10') 

3 82x10'/ 

0 

X 

2 45 X 10® 

1 18 X 10® 

11§1 

12§f 

4 03 X 10® 

151 XlO' 

Not isolated 

ISlxlO'll 

2 85x10® 

2 02 X 10® 


* Given 22 0 /ic CH3C2®O.Na orally 

t Given 18 76 yo C^HjCOjNn parentoraUy m tlireo equal doses at two hourly intervals 
i Given 18 75 pc C^'HjCOjNa parcntcmlly m a single dose 
§ Given 18 76 pc C^®HaCOjMa orally 
II Tins sample was diluted at the glycine stage 


The bippunc acid was hydrolysed and the isolated 
glycine degraded with nmliydnn , the formaldehyde 
was precipitated as the dunedon denv ative and the 
CO 2 as BaCOs The carboxyl carbon atom of acetate 
is transformed exclusively mto the carboxyl carbon 
of glyome, no activity appearing m the dunedon 
derivative With methyl labelled acetate activity 
was found m both fractions, although the specific 
activity was always higlier m the methylene group 
(Table 1) These findings are compatible with the 
interpretation that acetate enters the tricarboxylic 


acid cycle, is conv'erted mto pyruvic acid and is then 
transformed into senne by reversal of the reaction 
studied by Chargaff Su Spnnson (1943) The serme 
IS then degraded to glycine (Shemm, 1946) The 
relatively low activity of the hippunc acid is ex- 
plamed by the fact that most of the glycme used for 
conjugation with benzoic acid is obtamed firom the 
fi’ee glycme present m tissues, glutathione and pro 
terns It is suggested that the synthesis from acetate 
represents a major pathway for the synthesis of 
glyome from mtrogen-fi:ee prepursors 
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Studies on Porphyrin Metabolism in the Rabbit 

Institute for Medical Research, London, N IT 3) 

Adult rabbits were given 316 atom % excess ^®N, 
usually over a period of 1—3 days Blood samples 
were collected at mtervals and crystaUme haemm 
prepared Some of the anunaJs also received small 
doses of sodium benzoate, and hippunc acid was 
isolated The results show that the isotope appears 
m the haemm withm a day or leas after the ad 
mini strati on of glycmo has started On a high 
protem diet the isotope content of the haemm 
reached the maximum value (about 0 2 %) about 
one day after the administration of glyome had. 
stopped The values of the ^®N content of the 
newly formed haemm and of the hippuno acid 
excreted durmg the same period appear to be 
almost identical m rabbits kept on the high protem 
diet On a low protem diet the ^®N content of the 
haemm rose to almost 0 4 % and, under these con- 
ditions, the isotope content of the haemm contmued 
to nse for some days after the administration of 
glycme had been stopped The content of the 


By J S F Niven and A Neubeegeb (National 

hippunc acid excreted by rabbits on the low protem 
diet was markedly lower than the calculated 
content of the newly formed haemm, suggestmg 
that under such conditions, the hippunc acid is 
largely formed from glycme fractions of lower 
isotope content than those used for the formation 
of porphyrins 

The hfe span of the red cell m the normal rabbit 
was found to vary between 60 and 66 days 

In rabbits made anaemic either by bleedmg or by 
acetyl phenylhydra 2 ane untd the haemoglobm con 
tent was reduced to about 30 % , porphyrm mcor 
poration mto the red cells was greatly moreased, as 
shown by the i®N results Differential centrifugation 
showed that the ^®N content m th ereticulooytes 
was particularly high However, most of the cells 
formed m tlie recovery period appear to have a 
much shorter hfe span than cells formed under 
normal conditions 
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Effects of Electrolytes on the Molecular Weight of Tropomyosin By G S Adaie, K BaHiEy and 
T C Tsao {Biochemical Laboratory, ayid Loio Temperature Research Station, Umveraiiy of Gambndge) 


The molecular weight of tropomyosm (TJI) from 
rabbit skeletal muscle dissolved m a salt solution 
was found to be 90,500 by the methods of osmotic 
pressure, sedunentation-^diffusion and ammo acid 
analysis (Bailey, Gutfreund ik Ogston, 1948) In 
salt free solutions TM aggregates mto large fibnls 
(Bailey, 1948, Astbury, Reed & Spark, 1948) which 
disaggregate agam on addition of salt In order to 
determme the effects of salts on the degree of aggre 
gation of tropomyosm, the mol wt of TM has there- 
fore been remvestigated by osmotic pressure 
measurements, employmg the toluene and totra 
chloroethylene osmometers of Adair (unpublished), 
and for the calculation of results the extrapolation 
procedure of Adair & Eobmson (1930) In Table 1 
are listed the values obtamed (a) m neutral salt 
solutions of varymg ionic strength, (6) m concen 
trated urea solutions, and (c) m acid solution (pH 2) 


molecular weight deduced from the histidme con- 
tent, VIZ 3 X 18,180 = 54,640 Tlie higher molecular 
weights m the other series must be considered 
average values for mixtures of smgle, double and 
multi molecular species With the exception of pro- 
tern recovered from urea solution^ the TM m all 
senes could be crj'staUized 

Previous work with the ultracentnfuge (Bailey, 
Gutfreund iL Ogston, 1948) has shown that solutions 
of TM which are now considered to contam several 
molecular species m varymg states of aggregation 
give a smgle sedunentmg boundary This behaviour 
seems oharaotenstic of systems contammg markedly 
asymmetric particles (Campbell & Johnson, 1944) 
Another mterestmg feature is the high degree of 
osmotic pressure concentration dependence This 
can be seen from the values of m Table 1, where ^ 
18 a coefficient representmg the effects of aU factors 


Table 1 Paritde weights of tropomyosm 


Buffer 

Phosphate (0 06 ii) 

Phosphate (0 06 u) +Naa (0 1 M) 
^osphate (0 04 ji) +Ka (0 2 u) 
^osphate (0-06 m) -t-NaCl (0 2 u) 
Phosphate (0 06 M) +NaCl (0 6 h) 
Phosphate (0 03 m) +NaCl (1 05 jr) 
PMsphate (0-076 m) -furea (0 07 u) 
KOI (0-09 M) Ha (0 01 m) 


{C„=g protom/lOO mi solvent ) 


pH 

lomc 

strength 

Particle wt 

'c,=i 

C, = 3' 

06 

010 

135,000 

1 40 

260 

06 

0 20 

112,000 

1 43 

2 88 

06 

0 267 

88,000* 

1 14 

1 44 

06 

0 30 

72,000 

1 17 

161 

66 

000 

67,000 

122 

166 

65 

1 10 

06,000 

1 21 

I 62 

65 

0 1 

63,000 

1 73 

324 

21 

01 

61,000 

1 37 

284 


* Data of Bailey e< oZ (1948) 


Id phosphate buffers (pH 6 6) the mol wt falls 
exponentially with morease of lomo strength, 
“PP^^^ding asymptotically the values of 5 1,000 and 
• obtamed m acid and urea respectively The 
mean value conforms with that based on the minimal 


causmg deviation from the simple form of van’t 
Hoff’s law Even m buffers of high salt concen- 
tration, where the Dorman effect is small, the values 
of (j> are still high compared with those of other 
protems (cf Adair & Robmson, 1930) 
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Separation of N-2 4-Dinltrophenyl Derivatives of the Methyl Esters of Amino-acids by Adsorp- 
tion Chromatography By A G Lowtheb and W S REirn (Reich) (Department of Organic 
Ghomslry, The University, Leeds 2) 


N-2 4-Dmitrophenyl derivatives of ammo acids 
were first prepared by Abderhalden Blumberg 
(1910) Sanger (1946) applied partition chromato 
graphy to the separation of mixtures of these 
coloured derivatives 

It has been foimd previously (Reich, 1948) that 
mixtures of the methyl esters of N azobenzene p- 
sulphonyl denvatives of some ammo acids can bo 
separated quantitatively by adsorption chromato 
graphy on alumma columns We have now prepared 
the methyl esters of the N 2 4 dmitrophenyl den 
vatives of certam ammo aoids and find that they 
can be selectively adsorbed on suitably prepared 
almnma, a mixture of such derivatives oan bo 
resolved by the development of the chromatogram, 
and, after elution, the imchanged methyl esters can 
be quantitatively recovered and identified 

Tire alumina for adsorption was prepared by 
heatmg alummium oxide with a 10 % solution of 
acetic acid m methanol, washmg thoroughly with 
methanol and drymg, first at room temperature and 
then at 40° for 24 hr 

A mixture of 37 mg of N 2 4 dmitrophenyl 
glycme methyl ester (m p 124°) and 43 mg ofN 2 4 
dmitrophenyl dl alanme methyl ester (m p 121°) 


dissolved m benzene (8 ml ) was adsorbed on a 
column formed from a slurry of alumma (130 g ) and 
a solution of 1 vol of benzene m 3 vol of ligrom 
(b p 00-80°) (260 ml ) Wlien all the solution of the 
esters had been added to the column the chromato 
gram was developed with 400 ml of the benzene/ 
hgrom solution Fmally each band was removed, 
and the adsorbed compounds eluted with a mixture 
of acetone/methanol (1 1) 

After evaporation of the acetone/methanol m 
vacuo, the residue was dissolved m 20 ml of benzene, 
the solution filtered tlirough a glass filter (G 4), and 
the benzene evaporated in vacuo 

The appearance of the final ehromatogram, and 
the weights of the recovered compounds were as 
follows 


13 mm colourless 
34 mm yellow 

13 mm eolourless 


34 8 mg A 2 4 dmitrophenyl 
glycme methyl ester, m p 


124-126° 


13 mm pale yellow\ 
23 mm yellow I 


42 7 mg N 2 4 dmitrophenyl- 
DL alanme methyl ester, 
mp 121-122° 
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tTeep®!’ as ,a« 
labpratds'y ai<3 . 


. The importance of Teepol as a Jaboratory 
aid IS, pcrfiaps, not Bo weff-linov.’n as 
Its power of^cleaning, which is already 
, , widely cStabhshcd ^ / , _ , - ‘ 

,This sodium higher alkyl sulphate — stable ‘ ■' 

o\er a wide pH range — ^possesses “ ' _ 

vrduablb wettmg properties, most useful m _ j' 
the dis]^rsal of insoluble "pow Hers . 

and pigtncnts prior to analysis, m the wet 
grading of stone aggregates m liineralogiCal 
-practice, in emulsification*, in Heterthlnatioa 
of speafie gravity and ia,the^preparation 
of,rtletallur^cal speciraensT Many ' S 
other uses wlH be apparent to the scientist „ 
in his dwUjfield, ^ " 

Fuller information oti the many -uses of 
Teepol as an aid to laboratory, work , 
are contomed in Technical Informatidn , 

Sheet No 277, a copy of which Will he ' * 
sent on request ^ ^ i 
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112, Strand, London, W C 2 

Supplies of Teejiol ” for laboratoiy 
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B D H Xnboratory Clhemicals Group -- 
Toole, Dorset 
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